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Abstract
Higher education has traditionally rested on teacher-centred education. Recently, there
has been a shift towards learner-centred education. Innovative teaching tools, active
teaching methods, and teachers that encourages a deep approach to learning, are
examples of how to facilitate learner-centred education. Central to learner-centred
education is increasing student motivation for learning. Moreover, recent systematic
reviews and meta-analyses suggest that learner-centred education, compared to
teacher-centred education, increase student achievement. Guided by the framework of
Self-Determination Theory, this thesis investigates different antecedents for student
motivation, and how in turn, autonomous motivation relates to achiecvement. It is
hypothesised that the extent that the environment (i.e., teacher, innovative teaching
tools, active teaching methods) promotes a sense of choice and volition in the learning
activity, a sense of optimal challenge and feedback, and a sense of caring and nurture,
will increase student autonomous motivation and achievement.

Three independent studies were conducted and written up as three papers. Paper L is a
national representative cross-sectional investigation of biology students” prospective
achievements and dropout intentions. Results from a Structural Equation Model show
support for the proposed hypotheses. Moreover, multi-group analyses show that there
are significant differences for level (i.e., BA vs MA) for four paths, but are invariant
across genders. Specifically, we found need-support, relatedness, and intrinsic
aspiration to be positive predictors of perceived competence and autonomous
motivation. Perceived competence and autonomous motivation are positive predictors
of achievement and negative predictors of dropout intentions. Extrinsic aspiration is a
negative predictor of achievement and a positive predictor of controlled motivation.
Controlled motivation is a positive predictor of dropout intentions. Paper II concerns a
randomised experiment testing the effect of a mobile-application tool to identify
species. Students in the mobile-application condition, relative to students using a
traditional textbook, scored higher on intrinsic motivation, perceived competence, and
achievement. A path-analysis shows that the mobile-application positively predicts
intrinsic motivation and perceived competence. Intrinsic motivation in turn, positively
predicts achievement. An indirect effect of the mobile-application to achievement
through intrinsic motivation was found. Paper III is a quasi-experiment testing the
effect of Team-Based Learning (TBL) relative to traditional lecture-classes. The study
is a one-group pre-test/post-test design. Measurement after four weeks of lectures and
then after four weeks of TBL shows that the students increased their intrinsic
motivation, identified regulation, external regulation, perceived competence,
engagement, autonomy-support, need-satisfaction, and perceived learning. The
students decreased in amotivation from pre-test to post-test as a function of TBL. A
path-analysis using the change scores shows that increases in intrinsic motivation,
identified regulation, and perceived competence positively predict engagement, which
in turn, positively predicts perceived learning.
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In conclusion, the results show that active learning, compared to passive learning, is
positively related to achievement. However, the findings also show that it is important
to consider the underlying motivational processes that either support or thwart student
autonomous motivation. That is, active learning promotes autonomous motivation and
increases learning when the students” basic psychological needs for autonomy,
competence, and relatedness are supported. In accordance with Self-Determination
Theory, a socio-context could be perceived as informational (need-supportive),
controlling (need-thwarting), or amotivational (incompetence), thus teachers and
institutions are recommended to consider the need-supportive vs need-thwarting
elements within learner-centred approaches. The results from this thesis contribute to
the knowledge on what increases student autonomous motivation and how active
learning methods impact student motivation. Specifically, the use of a prominent meta-
theory of motivation allows for an analysis of which factors facilitate motivation and
what the consequences might be. The use of diverse student samples, study design,
and statistical analyses provide strong support for the external validity of the thesis.
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Introduction
High-quality teaching and learning encourages a deep approach to learning, as opposed
to a surface approach (e.g., Asikainen & Gijbels, 2017; Biggs & Tang, 2011; Bloom,
1956). In large-class lecturing, which has been the norm in higher education since the
Middle Ages (Bligh, 1998; Brown & Atkins, 2002), the student is a passive recipient of
the information provided by the teacher. Such a passive teaching method encourage the
student to adopt a surface approach to learning. In the last 20-30 years, however, there
has been a shift in the view of the teachers’ role from providing instruction to fostering
learning (Barr & Tagg, 1995; Wieman, 2014). That is, there has been a shift from a
teacher-centred view of education towards a learner-centred view. In learner-centred
education, the students are seen as active learners creating their own knowledge. Active
learning, which may be defined as instructional methods that engage students in the
learning process, require student participation, engagement, and awareness of the activity
(Prince, 2004). Research within the higher education context has found that learner-
centred approaches and active learning, compared to teacher-centred and passive
learning, are beneficial for student motivation and achievement (e.g., Cavanagh et al.,
2016; Hyun, Ediger, & Lee, 2017; Stover & Ziswiler, 2017). Traditional passive learning
methods increase fidgeting and mind wandering in class, and inhibit knowledge retention
(Farley, Risko, & Kingstone, 2013; Risko, Anderson, Sarwal, Engelhardt, & Kingstone,
2012). Conversely, a meta-analysis by Cornelius-White (2007) found that learner-centred
approaches are positively related to student participation, satisfaction, and motivation,
and negatively associated with dropout and absence. Within the Science, Technology,
Engineering, and Mathematics (STEM) subjects, Freeman et al. (2014) found that active
learning methods, compared to passive learning, increased achievement by almost one
standard deviation, while the failure rate decreased from 34 percent with passive learning
to 22 percent with active learning. Hence, there are clear educational benefits of creating
learner-centred education and facilitating active learning.

Within learner-centred education, motivation and affect are central for the students’
learning process (American Psychological Association, 1997). Motivation, which is the
energy and direction of behaviour, is an important construct because it provides an
explanation of the underlying human behaviour, behavioural intensity and functioning,
and psychological well-being (Baumeister & Vohs, 2007; Diener et al., 2017,
Harackiewicz & Priniski, 2018). Within an educational context, motivational research
and theory suggest that motivation is highly important for students” effort, persistence,
and high-quality learning (Eccles & Wigfield, 2002; Hidi & Harackiewicz, 2000;
Pintrich, 2003). Moreover, there is a growing body of research showing the beneficial
aspects of motivation on several educational outcomes. For example, across two meta-
analyses, Robbins, Lauver, Le, Davis, and Langley (2004) and Richardson, Abraham,
and Bond (2012) found that students” academic efficacy and academic goals were the
strongest predictors for University Grade Point Average (GPA) and achievement, over
and above the effect of high school GPA, Scholastic Aptitude Test (SAT)/American
College Test (ACT), and intelligence. Despite the beneficial aspects of student
motivation and learner-centred education, educational research has neglected to
incorporate psychological perspectives (Alexander & Murphy, 1998). Hence, a
motivational perspective could be especially apt given the importance that motivational



theory has had in understanding the quality of behaviour and achievement. The
implications of motivational research and theoretical perspectives are important for the
application of educational practice, recommendations for teachers, instructional methods,
curriculum designs, and policymakers (Kaplan, Katz, & Flum, 2012; Wentzel &
Wigfield, 2009).

The main aim of this thesis is to investigate the underlying motivational pulls of students’
motivation and achievement. That is, I investigate the impact of the social context of
students that either supports or hinders their motivation for academic achievement. To
this end, three independent studies have been conducted to understand the motivational
pull in the students” social context; 1) teachers” motivational support to achieve and
persist at university; 2) the underlying motivational effect of a mobile-application on
achievement in species identification; and 3) the motivational effects of Team-Based
Learning on engagement and learning. I have employed Self-Determination Theory
(SDT) throughout to investigate the motivational pulls of different active learning
methods. SDT is a broadly empirically-supported motivational theory (e.g, Pintrich,
2003; Seligman & Csikszentmihalyi, 2000) and is especially useful because of its clear
assumptions of what constitutes human nature and which social-contextual factors affect
human behaviour (Ryan & Deci, 2017). These clear underlying behavioural assumptions
(i.e., motivational pulls) result in SDT making clear predictions of what the educational
consequences and outcomes of different teaching and learning situations and
interventions could be in order to successfully promote high-quality motivation and
learning.

Investigating different motivational pulls in higher education using SDT is timely and
important for several reasons. First, there is a decline in motivation among higher
education students (Brahm, Jenert, & Wagner, 2016). Understanding which factors
enhance student motivation could therefore benefit persistence at tasks, reduce dropout
rates, and improve achievement. Second, motivation is a ubiquitous aspect of
engagement and learning (Raaheim, 2011). Investigating and comparing the underlying
motivational effects of different active learning methods and approaches, and how they
might be employed to maximise student achievement, is thus important to guide the
implementation of such teaching methods. Third, using a prominent and empirically-
supported motivational theory, specifically the conceptual lens of SDT, to analyse
antecedents of student motivation, and in turn, the consequences of students” motivation
on educational outcomes, allows us to understand the impact that different teaching
practices could have on student motivation and achievement and how to organise
instructional methods. Finally, SDT aligns well with the principles in learner-centred
education in the view of students as active learners and a deep approach to learning
(understood as autonomous motivation in SDT), and the meta-theoretical assumptions of
active learning (SDT’s organismic approach to human motivation and learning).

Below I present the recent trends and political changes in Norwegian higher education,
and more generally why this thesis is a novel contribution to the learning higher

education research and development. In chapter 2, I present the theoretical approach of
Self-Determination Theory. In chapter 3, I review the past literature on motivation and



achievement, relating to teachers, mobile learning, and collaborative learning. I close that
chapter with a section on the main problems I wish to address, what the materials for the
thesis are, and the knowledge gap I wish to close. In chapter 4, I explain the methods,
procedures, and statistical strategies employed in the thesis. In chapter 5, the results for
each paper are presented. Lastly, in chapter 6, I discuss the results, the importance of the
results for educational practice, and reflect upon the limitations and practical implications
of this thesis.

Higher education in Norway: evolving views on student motivation and learning
The Bologna process in general, and the introduction of the Quality Reform in particular,
has resulted in a major shift of attention within higher education in Norway (see Table 1
for an overview if the main educational reforms and changes). From a focus on “teaching
as transformation of knowledge” and summative assessment, towards a focus on active
learning and formative assessment. In both primary, secondary and tertiary education,
motivational aspects are increasingly being emphasized (Ministry of Education and
Research, 2017a). Instead of focusing on subject-specific skills, students need to learn
meta-cognitive-, self-regulatory-, and problem-solving skills. Despite this increased focus
on motivational aspects, the Norwegian education system confronts several motivational
challenges; facilitate and increase student motivation to increase persistence, flexibility
and autonomy, and graduate more students within natural sciences (Koutsogeorgopoulou,
2016; OECD, 2014). The Ministry of Education and Research (2017a) calls for a
teaching context that promotes a deep approach to learning, as opposed to a surface
approach as a mean to increase motivation and lifelong learning skills. In order for
students to acquire a deep approach to learning, the Ministry of Education and Research
suggest that a) teachers in higher education should facilitate learning, structure, and
support around their learning; b) technological tools that can provide formative feedback
and engagement in learning; and ¢) implement active learning methods that can motivate,
engage and stimulate deep approach to learning.

There is a clear assumption, then, that motivation is important for a deep approach to
learning, and that active learning is important for increasing motivation. However, what
is less clear is how motivation can contribute to these processes. Owing to motivation
constituting a multifaceted construct, there is a need for a theoretical approach to the
analyses of active learning and achievement. That is, a theoretical approach is useful for
describing, predicting, and explaining related phenomena (e.g., Fiske, 2004; Trope,
2004). Thus, a theoretical approach of motivation to understand students” motivation and
achievement is important given that motivation is at the core of teaching and learning
(Dweck, 2017).



Table 1

Overview over the main educational reforms and white papers in higher education since 2000. Also shown are the
major conclusions of these changes and its implications for teaching, assessment, and learning

Educational reforms, white Year Main Views on Implication for Implication for
papers, NIFU-reports conclusions teaching assessment learning
NIFU-report (1989-1999): 2000  Large changes in Institutions Summative Increased focus
Changes in higher education' HE; New Public  increasingly assessment; on active
Management focusing on learning
(focus on quality in techniques, but
efficiency) education, but depends on
no official individual
definition of institutions
quality definition of
quality
White paper 27 (2000-2001): 2001  Restructure of Increased focus ~ Formative Institutions and
Norwegian qualification educational on active and assessment such  students have
framework? programs self-regulated as portfolio, and  responsibility
students; multiple for learning
Increased focus examinations
new teaching
methods and
implementation
of ICT
Bologna process’ 2000- Framework for Increased Knowledge Facilitate
2011  learning feedback; students has lifelong learning
outcomes; Easier Increased attained after across
understanding of  teacher-student the end of a institutions and
Norwegian feedback learning nations; School
education and process; completion
training system Alternative
internationally assessment
methods
Implementation of 2012  Implementation  Implementation  Establish Learning
Qualification Framework® of the National of formalized appropriate outcomes of
Qualification learning assessment what students
framework outcomes methods should know
based on the (knowledge, after a course
European skills, general
Qualification competence)
framework for
Lifelong
Learning
White paper 3: New structure in 2008  Establish centres ~ Stimulate Learning Focus on
higher education® of excellence in  development and outcome, lifelong learning
education innovative teaching, and and active
teaching assessment learning;
methods, and aligned Possibilities of
increase the ICT in higher
quality of education

teaching in
higher education



Centres of Excellence 2011- The Norwegian  The main goals Baseline Implements
(bioCEED)’ 2016  Organ for of bioCEED: a)  investigation of  active learning
Quality in create a shift biology methods, and
Education from teacher- education innovative
(NOKUT) centered to teaching tools
funded one learner-centered
Centre in 2011, education, b)
three Centers in  create and
2013, and four employ
new Centres in innovative
2016. One of the  teaching
2013 Centres methods, ¢)
was Centre of implement
Excellence in practical
Biology training, and d)
Education disseminate best
(bioCEED) practice
White paper 16 (2016-2017): 2017  Increase Use of Feedback and Research-based
Culture for quality in higher educational technology in assessment to teaching to
education® attainment; teaching; support increase
Focus on status Research-based  motivation and  learning
of teaching teaching; learning; Digital
Collegial exams
teaching

Note: The text is drawn from White Papers, NIFU-reports, and OECD-reports
'Stensaker (2000), 2Ministry of Education and Research (2001), * Ministry of Education and Research (2011),
“Ministry of Education and Research (2008), *bioCEED (2013), *Ministry of Education and Research (2017a)



Motivational theory relating to teaching and learning
Motivational theory is important for explaining the initiation, persistence, and quality of
the learning process. Contemporary theoretical approaches to motivation and
competence, for example Social Cognitive Theory, and goal-directed behaviour, for
example Achievement Goal Theory, have proven useful in explaining student
achievement (e.g., Eccles & Wigfield, 2002; Hidi & Harackiewicz, 2000; Pintrich, 2003).
According to Bandura’s Social Cognitive Theory (1989, 2001), human functioning and
well-being is determined by the interaction between personal factors (cognition, affect,
biological events), behaviour, and environmental influences. Within Social Cognitive
Theory, self-reflection and self-beliefs are assumed to affect behaviour and environment,
and in turn be affected by them. The role of self-efficacy — the belief in one’s capabilities
to organise and execute the courses of action required to produce given attainments
(Bandura, 1997, p. 3) — is thus central to Social Cognitive Theory and its application to
the educational domain. According to Bandura (1977, 1997) there are four sources that
affect a person’s self-efficacy beliefs: actual performance; vicarious experience; verbal
persuasion; and physiological indices and states. Within education, self-efficacy has been
shown to predict motivation, self-regulation, learning, and achievement (Schunk &
Pajares, 2009).

Within the achievement motive tradition, there are two major contemporary theoretical
approaches that have been employed extensively in the educational field: Expectancy-
Value Theory and Achievement Goal Theory. According to the Expectancy-Value
Theory (Eccles et al., 1983; Wigfield, Tonks, & Klauda, 2009), students” academic
achievement, persistence in school, and behavioural choice are determined by the
students” expectancies and value beliefs. Expectancies refer to the expected success in an
upcoming task, whereas value beliefs refer to the qualities of each task and how these
influence the person’s desire to perform the task. Research on Expectancy-Value Theory
in the educational domain has found that students” expectancy relates positively to
achievement and persistence (Wigfield, et al., 2009). Achievement Goal Theory is a
broad theoretical framework consisting of multiple models and approaches (Machr &
Zusho, 2009). Common to these approaches are assumptions of motivation being a
process that varies in type, in the importance of competence, and in the cognitive,
affective, and behavioural effects that goals have (Elliott & Dweck, 1988). The two
major goal constructs within Achievement Goal Theory are mastery goals (task
involvement) and performance goals (ego involvement) (Elliot & Thrash, 2001). Mastery
goals are goals that focus on self-improvement and development of competence, whereas
performance goals focus on demonstration of competence (i.e., showing others that one is
capable). Elliot (1999) refined these goals by adding valence to the goals. Specifically,
mastery-approach goals focus on learning and understanding; mastery-avoidance goals
refer to not losing skills or competencies; performance-approach goals refer to
outperforming others; and performance-avoidance goals refer to not looking incompetent
to others. Research on achievement goals has consistently found that the mastery
approach is positively associated with beneficial educational outcomes, whereas
performance avoidance and performance approach is negatively related (Sommet &
Elliot, 2017).



The above reviewed theoretical approaches have consistently shown positive and
expected results of motivation on beneficial educational outcomes. However, the theories
have theoretical shortcomings that have empirical and practical implications for the
educational research in learner-centred education. First, within Self-efficacy (human
agency), autonomous actions are not considered in the theory, and thus motivation is only
differentiated in quantity (Bandura, 1989; Ryan & Deci, 2006). Second, Expectancy-
Value Theory relies on socialisation factors and cultural factors to account for student
expectancies and value beliefs. Cultural relativism is the main approach, excluding the
universal and evolutionary benefits of basic needs (Ryan & Hawley, 2016). Third,
students can have both autonomous and controlled reasons to have mastery and
performance approaches (Vansteenkiste, Lens, Elliot, Soenens, & Mouratidis, 2014).
Hence, within achievement goal theories, different goals or aims are not differentiated by
reasons, thus failing to acknowledge the role of autonomy.

A contemporary, empirically-supported, and organismic meta-theory that employs
quantitative and statistical approaches to investigate human motivation to applied areas is
Self-Determination Theory (Ryan & Niemiec, 2009). Despite learner-centred education
being generally constructivist (Phillips, 1995), SDT seems especially apt to investigate
how active learning impacts and affects student achievement (Jeno, 2015). Due to the
theory’s applicability across domains, such as sports (Standage & Ryan, 2012),
counselling (Ryan & Deci, 2008), parenting (Joussemet, Landry, & Koestner, 2008),
work organisation (Deci, Olafsen, & Ryan, 2017), healthcare (Ryan, Patrick, Deci, &
Williams, 2008), the gaming industry (Rigby & Przybylski, 2009), and education (Deci,
Vallerand, Pelletier, & Ryan, 1991), its empirical support is specifically strong and
robust. Furthermore, its broad conceptualisation and theorisation provides opportunities
for testing its assumptions and predictions of factors that enhance or inhibit student
motivation, and, in turn, the effect of motivations within a given domain. In this thesis,
both the theoretical approach and methodological approach are guided by the work of
SDT. The central philosophical and theoretical assumptions of SDT are presented in
detail below.

Self-Determination Theory

Self-Determination Theory is a macro-theory of human motivation and personality that
embraces an organismic and dialectic perspective (Deci & Ryan, 1985; Ryan & Deci,
2002). SDT assumes that all humans have an innate and natural propensity to be active,
growth-oriented, and to develop a unifying sense of self (Ryan & Deci, 2002). For
instance, children have a natural tendency to explore novel and interesting objects and
situations; students learn for the pure pleasure of learning and interest; and adults pursue
hobbies and self-chosen behaviours. SDT further acknowledges that social-contextual
factors may influence, impede, or thwart this innate tendency. Thus, SDT assumes a
dialectic relationship between intra-individual factors (innate and natural propensities)
and inter-personal climate (social context or situations that support or thwart these
propensities).

Self-Determination Theory comprises six mini theories, each explaining a specific
phenomenon of human nature. The six mini-theories are Basic Needs Theory (BNT),



Cognitive Evaluation Theory (CET), Organismic Integration Theory (OIT), Goal Content
Theory (GCT), Causality Orientation Theory (COT), and Relationship Motivation
Theory (RMT). This thesis employs four of these mini-theories, which are presented
below.

Basic Needs Theory
According to Basic Needs Theory (BNT; Deci & Ryan, 1985), humans have three basic
psychological needs; for autonomy (DeCharms, 1968), competence (White, 1959), and
relatedness (Baumeister & Leary, 1995). Satisfaction of these needs is theorised to be
necessary for psychological well-being, optimal development, and integrity, while
thwarting of these needs, conversely, is detrimental for well-being, optimal functioning,
and integrity (Ryan & Deci, 2017). Autonomy refers to perceiving that an individual is
the origin of that person’s behaviour. There are three processes that are needed to
experience autonomy; first, one must experience that the initiation of a behaviour is
endorsed by oneself. That is, one has to perceive that the cause of behaviour is internal
(internal locus of causality), as opposed to perceiving that the cause is external, or
governed by alien forces (external locus of causality; Ryan & Lynch, 2003). Second, one
needs to experience volition, that is, freedom in pursuing activities. Third, one needs to
experience meaningful choices in relation to activities, as opposed to experiencing
rigidness and inflexibility (Reeve, 2009a). Competence may be defined as feeling
efficacious in the interaction with the environment and experiencing the opportunity to
exercise and express one’s capabilities. The need for competence is satisfied when the
individual is engaged in an optimal challenging activity, and when the social context
affords positive feedback and structure (Csikszentmihalyi, Abuhamdeh, & Nakamura,
2005; Furrer, Skinner, & Pitzer, 2014). Relatedness relates to the feeling of being
connected and cared for by others, and having a sense of belongingness to others or to
one’s community. The need for relatedness is satisfied when individuals feel respected by
others, accepted in a social group, and perceive that others care for them unconditionally
(Baumeister & Leary, 1995).

According to BNT, the three basic psychological needs are assumed to be universal and
are evident and invariant across all cultures, ages, and genders. There are several criteria
that are used to identify the basic psychological needs. First, satisfaction of the needs is
positively associated with well-being and optimal functioning, while thwarting is
negatively associated with well-being and optimal functioning. Second, the needs must
specify content for experiences and behaviour that will satisfy the needs (i.e., there must
be specific experiences and behaviours adopted to be healthy). Third, the needs must be
essential to predict and interpret empirical phenomena. Fourth, in line with organismic
assumptions, the needs must be growth-oriented and not deficit needs.

Goal Content Theory
According to Goal Content Theory (GCT), people’s life aspirations can be differentiated
into two types: intrinsic and extrinsic aspirations (Ryan & Deci, 2002; Vansteenkiste,
Niemiec, & Soenens, 2010). Intrinsic aspiration is characterised by pursuing goals such
as personal growth, close relationships, community contribution, and physical health, and
is positively associated with basic need-satisfaction. Extrinsic aspiration on the other



hand, is characterised by pursuing wealth, fame, and image, and is positively related to
need-frustration. According to GCT, pursuing, valuing, or prioritising intrinsic goals,
relative to extrinsic goals, is associated with wellness and optimal functioning, whereas
extrinsic goals are associated with ill-being (Ryan & Deci, 2017). Additionally, intrinsic
goals are assumed to predict both need-satisfaction and autonomous motivation. In
contrast, extrinsic goals are assumed to predict need-frustration and controlled
motivation. In line with the assumptions of GCT, a meta-analysis found that materialistic
pursuits were negatively associated with well-being measures (Dittmar, Bond, Hurst, &
Kasser, 2014). In an educational context, it has been suggested that a social context that
matches students” personal goals yields optimal results (Pervin, 1968; Schneider, 1987).
According to SDT, intrinsic goals are more need-satisfying than extrinsic goals, and
students with extrinsic goals will benefit more from a context that supports their basic
psychological needs and that are intrinsic, as opposed to contexts that match their
extrinsic goals (Vansteenkiste, Soenens, Verstuyf, & Lens, 2009). Because extrinsic
goals are a means to an end, they promote a narrow focus on, and a superficial approach
to, learning (Vansteenkiste, Simons, Lens, Soenens, & Matos, 2005), and thus are
assumed to not benefit educational outcomes.

Cognitive Evaluation Theory
Within SDT, Cognitive Evaluation Theory (CET) addresses the factors that facilitate and
undermine intrinsic motivation (Deci, Koestner, & Ryan, 1999; Ryan & Deci, 2017).
Intrinsic motivation is defined as behaviours done because they are inherently interesting
or enjoyable, whereas extrinsic motivation are behaviours done because they lead to a
separable outcome (Ryan & Deci, 2000a). Specifically, intrinsically motivated
behaviours are characterised by an internal locus of causality (I-PLOC) and perceived
competence. In contrast, extrinsic motivation has an external locus of causality (E-
PLOC). According to CET, any events or activities of relative salience have three
functional significance, or psychological meanings, depending on the recipient’s
perception (Deci & Ryan, 1985). That is, with respect to the satisfaction or thwarting of
the basic psychological needs for autonomy, competence, and relatedness, the perception
of the social context is determined by the functional significance of these events (Ryan &
Weinstein, 2009). First, the informational aspect provides effectance-relevant feedback in
the context of autonomy and choice. As an example, the functional significance of a
teaching method would, on average, be perceived as informational with respect to the
psychological needs if it provided feedback and activities that are optimally challenging,
and if it was perceived as choiceful, volitional, and self-directed. An informational
functional significance is more likely to enhance intrinsic motivation and autonomous
motivation (Deci & Ryan, 1985). Second, the controlling aspect provides pressure,
compliance, or defiance to think or behave in particular ways. For instance, a learning
activity that pressures or forces students to behave or learn in a specific fashion, or which
provides high-stake or summative feedback is likely to thwart the needs for autonomy
and competence, and in turn, enhance controlled motivations. Third, the amotivational
aspect provides incompetence and non-self-determination, accompanying helplessness,
depression, and self-disparagement. For example, a teaching activity that is overly
challenging, whereby a perception is generated that one does not have the competence to
achieve the intended results, and/or does not promote value or autonomy, tends to
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enhance amotivation. Hence, a test, reward, or feedback can have an informational, a
controlling, or an amotivating functional significance (Ryan & Brown, 2005). Presenting
a controlling aspect to an initially intrinsic motivational activity prompts a shift from an
internal perceived locus of causality to an external perceived locus of causality. The
initiation of the regulation (i.e., the behaviour) is perceived as coming from external to
oneself. A meta-analysis of 128 experiments by Deci, et al. (1999) found, in line with the
assumptions of CET, that tangible rewards given contingently reduce intrinsic
motivation, whereas positive feedback enhances intrinsic motivation.

Within an educational context, teachers and learning contexts can either be need-
supportive or controlling, with respect to the satisfaction or thwarting of the basic
psychological needs. Need-supportive teachers are defined as those that show
interpersonal sentiment and behaviour during instruction to identify, nurture, and develop
students” inner motivational resources (Reeve, 2009b, p. 160). Need-supportive teachers
and contexts support students” basic psychological needs for autonomy, competence, and
relatedness by acknowledging the students” negative affect, trying to understand the
students’ internal frame of reference, providing students with a meaningful rationale
when showing motivating behaviour, relying on informational non-controlling language,
and basing teaching, feedback, and activities around the students” interests, self-directed
goals, and aspirations. Conversely, controlling teachers are defined as those that show
interpersonal sentiment and behaviour during instruction that pressure students to think,
feel, or behave in a specific way (Reeve, 2009b, p. 160). Controlling teachers thwart the
students” psychological needs for autonomy, competence, and relatedness by taking their
own perspective, using controlling language (e.g., “should”, “must”), intruding in the
students” learning, relying on instrumental sources of motivation, employing
authoritarian power to overcome negative affect, and providing controlling feedback, or
guilt-inducing criticism. On average, results from field studies, cross-sectional studies,
and laboratory experiments show that a controlling social context tends to diminish
intrinsic motivation and well-being, whereas a need-supportive social context tends to
enhance intrinsic motivation, creativity, and well-being (Deci & Ryan, 1987).

Organismic Integration Theory
Organismic Integration Theory (OIT) describes the organismic tendencies within humans
to integrate experiences into a coherent self (Ryan & Deci, 2002). This internalisation
process is facilitated by the satisfaction of the basic psychological needs for autonomy,
competence, and relatedness. Internalisation is defined as the active process through
which an individual acquires an attitude, belief, or behavioural regulation and
progressively transforms it into a personal value, goal, or organisation (Deci & Ryan,
1985, p. 130). Thus, self-regulation is when a regulation has been internalised and has
become integrated with the self, and the regulation emanates autonomously from the self
(Ryan & Deci, 2002). As opposed to other motivational theories, SDT differentiates not
only between classes of motivation (i.e., intrinsic and extrinsic motivation), but also
between types of extrinsic motivation that vary in quality and autonomy (Ryan & Deci,
2000a). SDT recognises five types of regulations that vary from least autonomous to fully
autonomous (see Figure 1). Amotivation is a type of motivation with non-regulation and
that is non-self-determined. Students that are amotivated are characterised as passive with
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a lack of intention to act. Amotivation stems from the perception of being unable to
achieve desired outcomes, a lack of perceived competence or value of the activity or
outcome (Abramson, Seligman, & Teasdale, 1978; Bandura, 1997; Ryan & Deci, 2000b).
Hence, amotivation is the state when individuals lack motivation and intention to act.
External regulation is the least autonomous extrinsic motivation and behaviours are done
in order to obtain a reward or avoid a punishment (i.e., the behaviours are performed to
obtain or avoid external contingencies). External regulation is characterised by an
external locus of causality and very low degree of choice and volition. For example,
students studying to obtain a high grade in order to pursue a high salary career are
considered externally regulated.

Introjected regulation is a partially internalised regulation in which the behaviour has
been taken in, but not truly accepted as one’s own. The perceived locus of causality is
somewhat external, and behaviours are undertaken in order to avoid shame or guilt, or to
attain a feeling of self-worth or enhance the ego. Introjected regulation is based on
affective and evaluative contingencies within the individual (i.e., introject regulation is a
form of self-control characterised by personal judgement and evaluations; Ryan & Deci,
2017, p. 185). For instance, students that are introjection regulated may study for an
exam because they want to outperform other students.

Identified regulation is a partly autonomous extrinsic motivation in which the behaviour
has been internalised. The behaviour is consciously valued and personally important for
the individual’s self-selected goals. Identified regulation is characterised by more choice
and volition and the perceived locus of causality is somewhat internal to the individual.
An example of identified regulation is when students study because it is personally
important for them to obtain a good job in order to help, for example, animals and
society.

Integrated regulation is the most autonomous extrinsic motivation in which the
behaviours have been identified and brought into congruence with existing personally-
endorsed values, goals, and needs that already are part of the self. The perceived locus of
causality is internal, and the behaviour is characterised by a very high degree of choice
and volition. An example of an integrated regulated student is when the student has
endorsed both the importance of studying wholeheartedly and the absence of conflict
with other abiding identifications (Ryan & Deci, 2017, p. 188). That is, the student
accepts authentically that they might lose quality time with their friends in order to study
to become a biologist, which is what defines the student’s life and other aspects of their
life.

Whereas autonomy and competence are most important for intrinsically motivated
behaviours, relatedness has been shown to be the most important factor for internalisation
and self-regulation (Ryan & Deci, 2002). It is important to note that the internalisation
process is not developmental or stage-like: the students do not move through the different
regulations in a stepwise fashion, but instead move dynamically between the regulations.
Young children usually do not reach integrated regulation because it requires mindful
reflection (Deci & Ryan, 1985).
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Figure 1. Different types of motivation and the different regulation styles. The regulation styles and motivations are
ranked by the degree of autonomy from low to high. Adapted from Ryan and Deci (2000a, p. 61) and Jeno (2015).
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Previous research on the effects of social context on motivation
This chapter presents relevant previous research conducted within a SDT perspective.
The chapter is divided into three sections, reflecting the papers in this thesis, and
highlights the contribution the thesis makes to filling knowledge gaps in higher education
teaching and learning, and to the field of Self-Determination Theory more generally. It is
acknowledged that there is a large body of research on some of these topics (i.e.,
achievement, dropout, well-being, mobile-learning) in the broader motivational literature.
However, given the specific theoretical positioning of this thesis and the clear
assumptions of SDT, the review below is centred on SDT-research.

Several systematic searches were conducted in order to find relevant studies. The
databases searched were ERIC, Web of Science, Google Scholar, and Idunn. Keywords
were variations of autonomous/controlled motivation; achievement/learning;
dropout/persistence intentions; school satisfaction; autonomy/need support;
active/passive learning; learner-centred education; goal aspirations; mobile
learning/electronic learning; team based learning. Each search was also paired with
(AND) self-determination theory/motivation. Searches were also made on the Self-
Determination Theory’s web-page for relevant studies and requests made on the SDT
list-server for unpublished studies (grey literature).

Teachers” need-support
SDT asserts that support of autonomy, competence, and relatedness enhances student
autonomous motivation (Niemiec & Ryan, 2009). Within the classrooms and learning
contexts, the teacher is an authority figure that can either support or stifle students’
growth-oriented propensities for learning and integration, and thus interfere or support
the internalisation process. Among the early studies investigating which factors facilitate
autonomous motivation, Deci, Eghrari, Patrick, and Leone (1994) find that autonomy
support is positively related to choice, usefulness, and interest/enjoyment. Black and Deci
(2000) investigated chemistry instructors’ need-support on student autonomous
motivation, perceived competence, anxiety, and achievement. Results show that need-
support uniquely accounts for the explained variance in student achievement. Moreover,
the relation between student autonomous motivation and achievement is moderated by
instructor need-support. Newer studies seem to corroborate previous studies. For
instance, need-support from the teacher is positively related to need-satisfaction (Diseth,
Breidablik, & Meland, 2017; Haerens et al., 2017; Rocchi, Pelletier, Cheung, Baxter, &
Beaudry, 2017) and uniquely accounts for medical students” achievement (Feri,
Soemantri, & Jusuf, 2016). In a national representative study among folk high-school
students, Waaler, Halvari, Skjesol, and Baggien (2013) find that teacher need-support
and student intrinsic goal expectancy at time 1 positively predict autonomous motivation,
which in turn, positively predicts effort in activity and well-being at time 2. In a study
among university students in Germany and the United States, researchers find that
feedback from teachers is a positive predictor of perceived competence, and a controlling
social context is a negative predictor of autonomous motivation and perceived
competence (Levesque, Zuehlke, Stanek, & Ryan, 2004). The benefits of need-support on
students’ motivation have been found among kindergarten children (Koestner, Ryan,
Bernieri, & Holt, 1984), children in elementary school (Grolnick & Ryan, 1987; Ryan &
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Grolnick, 1986), students in secondary school (Diseth, Danielsen, & Samdal, 2012), and
students in college (Reeve, Jang, Hardre, & Omura, 2002; Reeve, Nix, & Hamm, 2003).
In general, the results show strong support for the positive effect of need-support on
motivation and achievement.

There have been several motivational models based on SDT proposed and applied to the
educational domain (see for instance; Guay & Vallerand, 1997; Hardre & Reeve, 2003;
Jeno & Diseth, 2014; Ntoumanis, 2005; Vallerand, Fortier, & Guay, 1997). However, the
limitations of these studies are the exclusion of goal aspiration and investigation within
higher education. For example, Jeno and Diseth (2014) conducted a full motivational
model of SDT in Norway among 316 upper-secondary students from a single school. The
path-analysis shows that autonomy-support positively predicts need-satisfaction, self-
determined motivation, and perceived school performance. The sample was, however,
limited to upper-secondary students, and did not include goal aspirations.

Within Norway, one line of research has integrated SDT-based concepts and other
theoretical frameworks (e.g., Danielsen, 2010; Danielsen, Breivik, & Wold, 2011;
Danielsen, Samdal, Hetland, & Wold, 2009; Diseth, et al., 2012; Diseth & Samdal,
2014). Diseth, et al. (2012) conducted a study among 240 secondary school students in
Norway. The students responded on items measuring need-support, achievement goals,
self-efficacy, life satisfaction, and academic achievement level. Results from a path-
analysis show that need-support positively predicts self-efficacy. Competence support
uniquely and positively predicts mastery, and relatedness uniquely and positively predicts
life satisfaction. Self-efficacy in turn, positively predicts mastery goals, performance
goals, and achievement level. Mastery goals positively predict achievement level and life
satisfaction. Lastly, performance goals positively predict life satisfaction. In general,
these studies find support for an integrative model in which the results show that need-
support enhances mastery goals (i.e., autonomous motivation), self-efficacy (i.e.,
perceived competence), and life satisfaction (hedonic well-being). Due to the lack of
studies integrating aspiration along with need-support and need-satisfaction in the
investigation of dropout and achievement, the aim of Paper I was to investigate how
underlying motivational factors (i.e., intrinsic aspiration, need-support, need-satisfaction)
predicts autonomous motivation, and in turn achievement and persistence.

Mobile learning
As in daily life, technology in education has become an important aspect of information,
communication, and learning (McCombs & Vakili, 2005; Morgan, Morgan, Johansson,
& Ruud, 2016). An investigation of how technology impacts student motivation is
important for understanding student motivation and learning. A review of the mobile
learning literature revealed a large body of research. For instance, a systematic review of
164 studies shows that 86 percent of the reviewed studies have positive research
outcomes, whereas only 1 percent have negative research outcomes on different measures
(Wu et al., 2012). A meta-analysis by Schmid et al. (2014) on the effectiveness of
technology in higher education reveals that technologies developed for education
purposes (i.e., support for cognition and learning) have a moderate positive effect on
student achievement, compared to technologies that were developed to deliver
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information, which only have a small positive effect. Positive effects of mobile learning
on student achievement have also been found among students in nursing (Pitts et al.,
2015), statistics (Ling, Harnish, & Shehab, 2014), learning cultures (Hwang & Chang,
2011), physiotherapy (Fernandez-Lao et al., 2016), and bird-watching (Y. S. Chen, Kao,
& Sheu, 2003). Few studies within SDT have focused on how mobile learning facilitates
autonomous motivation and achievement. However, many such studies have been
conducted within the gaming and electronic learning literature, which, in part, could
support our reasoning of the need-supportive benefits of mobile learning. Below 1
synthesise the research and also present some studies on mobile learning and
achievement and related fields.

Using a SDT perspective, Choi, Noh, and Park (2014) conducted an analysis of the
effects of a smoking cessation app. The researchers investigated the extent to which the
apps satisfy the basic psychological needs and, in turn, stimulate autonomous motivation.
Furthermore, the analyses assessed how goal aspirations are framed. Results show that
94.3 percent of the apps had at least one feature of basic psychological needs. Extrinsic
goals (money) were found in 53.7 percent of the apps, followed by health (32 percent),
time (7.4 percent), and appearance (1.1 percent). Of apps that had at least one SDT
feature that tapped each basic need (n=18), four were among the top five. In two online
courses, it was found that perceived need-support predicted need-satisfaction, student
autonomous motivation, and number of hours studying (K.-C. Chen & Jang, 2010). The
results indicate that need-satisfying elements could be found without interpersonal
contact and that perceived need-supportive elements may have positive outcomes.

In a recent study, Fathali and Okada (2017) performed a study on second-language
learners and technology. A total of 164 undergraduate students from a Japanese
university attending an English course participated in the study. Results from a path-
analysis show that perceived competence and perceived autonomy predict intentions
(out-of-class language learning intentions) and achievement, whereas relatedness only
predicts intentionality. Similar results have been found in the gaming environment (Ryan,
Rigby, & Przybylski, 2006; Tamborini, Bowman, Eden, Grizzard, & Organ, 2010;
Tamborini et al., 2011) and in electronic learning (Hartnett, 2015; Roca & Gagné, 2008;
Serebe, Halvari, Gulli, & Kristiansen, 2009).

In contrast to previous studies on mobile learning, R. L. Thomas and Fellowes (2016)
find no significant difference between biology students using a mobile bird identification
app and students using a traditional bird identification guide, while Felisoni and Godi
(2018) find that mobile phone usage enhances multi-tasking, which in turn, has a
negative effect on academic achievement. Koh et al. (2010), using a SDT approach to
investigate how 3D simulation affects students’ motivation to learn and their
performance, find no difference in need-satisfaction between the experimental and
control condition. Due to the controversies around the benefits of mobile learning on
achievement, the aim of Paper II was to investigate if need-supportive elements in a
mobile-application promote motivation and, in turn, achievement, as theorised by SDT.
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Collaborative learning
Within biological work, research, and education, collaboration is an essential feature of
fieldwork, laboratory work, and interdisciplinary science practices. Vermeulen, Parker,
and Penders (2013) suggest that ecology (within biology) has progressed from a single-
investigator to a transdisciplinary, cross-sectoral, and collaborative basic and applied
science. This increase in collaboration, which is only expected to grow, is due to
increased research funding, greater attention to the field, and changes in work habits
among biologists (Vermeulen, et al., 2013). Collaborative learning has different methods
and approaches, and may be applied in different ways to activate students. Research
conducted within the educational domain using one such approach, team-based learning
(TBL), as a teaching method is presented below. To my knowledge, no studies have used
a SDT-approach to investigate the effectiveness of TBL in higher education, hence |
present studies that indirectly suggest the enhancement of autonomous motivation and
achievement, both from the TBL and the SDT literature.

Several studies within the TBL tradition have been conducted to test the effect on student
achievement or satisfaction of teaching method. Park, Kim, Park, and Park (2015)
conducted a quasi-experimental study of 74 second-year nursing students using a one-
group pre-post design. A post-test questionnaire measured the students” perceived team-
efficacy (confidence in the group’s ability to accomplish collective tasks), perceived team
skills (team-adaptability skills, team-interpersonal skills), and academic performance
using the iRATS, tRATS, and examination scores (mid-term and final examination).
Results show that there was a significant increase from pre-test to post-test (as a function
of TBL) in team-efficacy and team skills; there was a significant increase in academic
performance for both iRAT and tRAT scores; and there is a positive association between
team-efficacy and iRAT and examination scores. In a study among medicine students,
Ozgonul and Alimoglu (2017) find that the introduction of TBL in a medical ethics
course lasting two weeks, increased the students” in-class engagement and course-
satisfaction, relative to a lecture-course. Moreover, although there were non-significant
results from a post-experimental multiple-choice test, two follow-up tests showed that
students in the TBL course scored higher on the test compared to the lecture-course. In a
similar vein, Alvarez-Bell, Wirtz, and Bian (2017) find that chemistry students report
more positive feelings towards the course and perceived instructional guidance after the
course was redesigned to a TBL course. However, results find no support for higher self-
regulation, teamwork, and engagement.

Adjacent studies grounded within SDT may provide support for the assumption that TBL
facilitates autonomous motivation and achievement. Benware and Deci (1984) conducted
an experiment investigating the difference between learning to teach others (active
learning conducive to intrinsic motivation) and learning to take a test (passive learning
conducive to extrinsic motivation). Results show that students in the active learning
condition, compared to the passive learning condition, have significantly higher interest,
enjoyment, and conceptual learning. Recently, quasi-experimental studies have found
that service learning courses enhance perceived autonomy support, autonomous
motivation, and internalisation (Levesque-Bristol & Stanek, 2009), and that problem-
based learning increases relatedness (Wijnen et al., 2017).
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In general, studies find support for the effectiveness of TBL and educational outcomes
(Sisk, 2011). However, some studies have found contradictory and mixed results.
Mclnerney and Dee Fink (2003) conducted a study among college students and find no
significant difference on the results of the final examination. In a study among grade 7
students in biology, Jarjoura, Tayeh, and Zgheib (2014) find no significant difference on
achievement between a TBL-based condition and a lecture-based condition. Finally,
Tucker and Brewster (2015) conducted a study among undergraduate criminal justice
courses investigating the effectiveness of TBL. Compared to the lecture group, the TBL
group had significantly higher mean scores on student involvement and student
preparation. However, no differences are found for overall satisfaction or student
performance.

As the review above illustrates, a limitation of the research to date is that much research
conducted within TBL have focused on the effectiveness rather than the underlying
processes of TBL. Hence, there is a gap in the literature where motivational effects have
not been differentiated (e.g., Alvarez-Bell, et al., 2017). This is important because it
allows the analysis of how active teaching methods relate to student engagement and
learning. Given these contradictory findings, the aim of Paper III was to investigate
whether an if so, how and why and under which conditions, TBL increases engagement
and learning.

The PhD project

The literature review shows that there is strong research support for the general
perception that active learning positively predicts student achievement. However, the
review also identified several limitations and knowledge gaps. First, few learner-centred
studies have employed the organismic approach of SDT. Much research has been
conducted on the effect of active students, as opposed to passive students, and since
learning-centred education has generally been understood from a constructivist approach
(e.g., Jeno, 2015), less emphasis has been placed on the motivational and psychological
effects of learning-centred education (Alexander & Murphy, 1998). Therefore, I
investigate the factors that facilitate student autonomous motivation (viewed as active
learning and a deep approach to learning) and the effect of autonomous motivation on
achievement. Hence, a secondary aim of the thesis is to address the consequences of
student autonomous motivation on achievement.

There has been little research in higher education in Norway concerning the motivational
effects on achievement. Of the few identified studies, many are qualitative (e.g.,
Backaberg, Rask, Gummesson, & Brunt, 2015; Ladstein & Toft, 2013) or related to a
specific practice such as outdoor sport activity or internships (e.g., Andreasen &
Heigaard, 2017; Lavoll, Reysamb, & Vittersa, 2017). Specifically, effect studies have
been lacking. In this thesis, I extend this line of research by investigating an integrative
model of SDT in a Norwegian higher education context. All three papers employ a SDT
perspective in the development of the research design and interpretation of the results.
The results provide an important contribution to the SDT literature within the education
sector, and the motivational perspective will be a strong contribution to the learner-
centred education literature. The changes in the views of teaching and learning in
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Norway in recent years from controlling learning to facilitating learning, and the
increased focus on how to promote active learning, has created a renewed focus on the
importance of motivation in learning. Thus, the results of this thesis may contribute to
policymakers, higher education sector, and teachers, practical implications on how to
organise and create the conditions to enhance quality-motivation and active learning from
the lens of SDT.

The research topics I investigate in this thesis are:

1. The underlying pulls of student motivation and achievement
a) Teacher-impact on student motivation and achievement
b) The effect of a mobile-application tool on student motivation and learning
¢) The effect of a collaborative teaching method on student motivation and
learning

2. The effect of student autonomous motivation on achievement

To investigate these research topics, three studies with different methodological designs
were conducted, which allowed different research questions to be addressed, and make
inferences about both relationship directionality (path-analysis, SEM) and causality
(experiments).

The aim of Paper I (research topic 1a and 2) was to investigate the underlying
motivational factors of dropout and achievement, by testing a comprehensive
motivational model based on SDT. Paper I is a cross-sectional study based on a national
survey concerning the education of biology students (see Hole et al., 2016). Social
context impacts student motivation and achievement in many ways. As an example, the
teacher-student relationship, alienation and not belonging, student goals, and the
university’s ability to provide challenging tasks and learning activities are all important
in predicting positive educational outcomes (Wigfield, Cambria, & Eccles, 2012). Given
the increased focus on lifelong learning (Ministry of Education and Research, 2017b),
high-quality teaching (Ministry of Education and Research, 2017a), and the importance
of social context in educational participation and academic success (Xie, Fang, &
Shauman, 2015), a national representative study among higher education students was
needed to understand better the motivational pull of achievement and dropout.

The aim of Paper II (research topic 1b and 2) was to test the effect of a mobile
application tool on students” motivation, perceived value of species identification, and
achievement. Paper II is based on an experiment testing the effectiveness of an
innovative active learning tool. The identification of species is a foundation of biological
knowledge and competence, and crucial for the management of biodiversity nationally
and globally (IEEM, 2011). Traditionally, species identification is taught using
dichotomous keys found in floras or other printed identification literature. These books
can get rather bulky, as they often contain detailed information of hundreds or thousands
of species, and the keys are hard work for a beginner, as the discrimination between
species is based on textual descriptions of morphological features, containing many
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specialised terms. ArtsApp (bioCEED, 2017) was developed as an alternative
identification tool for smartphones. In ArtsApp, the identification process is more
dynamic. Students can choose where, i.e., with which trait, to start the identification
process and they can also proceed through the identification process as they choose.
ArtsApp provides the students with feedback during the identification processs, optional
explanations of each species and trait, non-text context such as pictures and photos, and
is geographically “smart” in that it excludes species that are not found nearby and
therefore probably not relevant. Use of smartphones might provide enjoyment and
interest (intrinsic motivation), and the identification process of ArtsApp might provide
feedback and optimal challenges (competence-support) which could facilitate student
achievement. Owing to the accessibility of smartphones in education (dscout, 2016;
Felisoni & Godi, 2018; Slettemeas & Kjerstad, 2016), it is highly important to investigate
the effect of mobile learning.

The aim of Paper III (research topic 1c¢ and 2) was to explain the underlying motivational
processes of different learning methods, and whether the implementation of TBL, relative
to lectures, increase students” engagement and learning. Paper I1I is based on a quasi-
experiment investigating the effect of an active teaching method. Collaborative and
cooperative learning, which is considered an active learning method (Prince, 2004), has
been shown in meta-analyses and systematic reviews to have a positive effect on student
achievement (Salas et al., 2008; Slavin, Lake, Hanley, & Thursto, 2014; Springer,
Stanne, & Donovan, 1999). One collaborative teaching method that has received much
attention, and which is considered learner-centred, is Team-Based Learning (TBL; see
Paper 111 for a description of the teaching method). TBL is a teaching method with
specific guidelines for how to conduct a teaching session. Moreover, within TBL there
are processes that allow for competence-support (feedback through the readiness
assurance process) and relatedness-support (collaboration in teams) that is conducive to
satisfaction of the basic needs for competence and relatedness. In contrast, there might be
thwarting of the need for autonomy (few choices around the decision-making process and
peer-assessment). Given the vast use of TBL as a teaching method (e.g., Sisk, 2011), it is
important to investigate the motivational pull of TBL in student engagement and
learning.
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Methods
This chapter describes the study systems, samples, measurements, ethics, and analytical
strategies are in each of the the three papers. See Table 2 for an overview.

Study systems and samples

The participants across the three studies conducted for this thesis consisted of students in
higher education. In Paper I, the sample consisted of biology students (n= 454
undergraduate, n= 297 graduate students) from a comprehensive biology education. I
used a national representative sample retrieved from the bioCEED Survey 2015 (Hole, et
al., 2016). The data was collected between mid February to late March 2015. In Paper II,
the participants were second-year biology students (n= 71 undergraduate students). The
data is based on a randomized experimental study. The students were recruited during a
mandatory field course in mid June 2015. In Paper III, the participants consisted of
second-year physiotherapy students (n=64). The data is based on a convenience sample.
The students were recruited from a mandatory course in physiological neurology, and the
data was collected between late August to mid October 2016.

Measurements

All scales used to measure motivational constructs in the present project were based on
the assumptions of SDT. The scales were either retrieved from
www.selfdeterminationtheory.org (Selfdeterminationtheory, 2017) where most scales are
freely available, or they were retrieved from published manuscripts. Translation of the
scales from English to Norwegian was done by the first author of the papers. The scales
were then back-translated from Norwegian to English by an English-speaking editor. In
instances of discrepancies between the first and second translation, a discussion was
invoked in order to grasp both the psychological meaning of the item, and the
grammatical wording. All scales were adapted for the purpose of the study. These
procedures have been done in previous studies (Deci et al., 2001) and are in line with
recommendations when working with scales in other languages (Harkness & Schoua-
Glusberg, 1998). This procedure was done for all scales employed in the thesis.

Reliability and validity

Several measures were adopted to handle reliability and validity issues. Reliability,
which is the consistency that a measurement instrument assesses a given construct,
(Crano, Brewer, & Lac, 2015, p. 45), is quantified by internal consistency, interrater
reliability, and temporal stability. Across the three papers, internal consistency was
measured by means of the common approach of Cronbach’s alpha. Values around .90 are
considered excellent, values around .80 are considered very good, whereas values around
.70 are considered adequate (Kline, 2011). However, according to Crano, et al. (2015),
the value depends on the amount of error the researcher is willing to accept. In Paper I,
all measures were around .70. For Paper II, all measures except for controlled motivation
had Cronbach values > .70. Finally, in Paper III, all measures had values above .70,
except for external regulation which scored a Cronbach’s alpha of .59 for the pre-test
measure, and just below the cut-off point at the post-test measurement. Additionally, for
Paper 11, interrater reliability was calculated for the two independent raters that coded the
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students” responses on the achievement test. The result produced high interrater
reliability for the achievement measure.

Validity, which is the degree of relationship between a measurement instrument and the
construct intended to asses (Crano, et al., 2015, p. 45), is an umbrella construct including
several types of validity affecting the results of the study (Clark-Carter, 2010). The main
types of validity are face validity, construct validity, content validity, and criterion-
related validity. Face validity refers to the degree to which the item being measured is
what the researchers intended. Construct validity refers to a measure measuring a
theoretical construct well. Content validity refers to the degree a measure covers the
complete range of behaviour of the construct being measured. Lastly, criterion-related
validity refers to a measure’s ability to produce similar results to an existing measure.
Relevant for the present thesis are issues relating to face, construct, and content validity.
Face validity was addressed by providing the participants with general information about
the purpose of the study, but not general enough to allow the students to understand the
study’s hypotheses; research assistants were not made aware of the study’s hypotheses
before collecting data (Paper II), or were trained to be neutral when administering data
collection (Paper I1I); and anonymity and/or complete confidentiality were given to the
students in order to promote honest answers to the questionnaires. Construct validity was
handled by using previously validated scales derived from different research using a SDT
approach, with appropriate scales chosen based on the purpose of each study. For
instance, in Paper III, the situational measure of student motivation was assessed as
opposed to the contextual measure of a course in Paper 1. Content validity was addresses
by using appropriate versions of each scale in the questionnaire. However, due to space
constraints (Paper I), some scales had fewer items than the original. This has been noted
as a limitation in the paper.

Ethical considerations

Several ethical considerations were taken into account in order to protect the participants
in the studies. All studies received ethical approval from the Norwegian Centre for
Research Data (NSD). The students in all studies were given information prior to their
consent where it was stated that participation was voluntary. For Paper II, the student
data were completely anonymous. For Papers I and 11, the students” personal numbers or
student numbers were collected in order to retrieve their prospective grades in biology
(Paper I) and connect individual answers for pre-test measures and post-test measures
(Paper III). The students were informed that their personal number and student number
would not be linked to their answers, they would be kept safe, and deleted after the
necessary data were collected, or at the end of the project. Before all studies were
conducted, measurements and study designs were piloted (Papers II and III). The pilot
studies employed recommended “thinking-out-loud” procedures for feedback on the
studies (Clark-Carter, 2010; Crano & Brewer, 2008).

Statistical strategies

All analyses were conducted using the statistical programs IBM SPSS 23 and IBM
AMOS 23 (Arbuckle, 2013). For descriptive analyses such as reliability analyses, factor
analyses, Pearson’s correlations, and multiple regression, and inferential statistics such as
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independent samples t-test, one-way ANOVA, and paired sample t-test, SPSS was used.
For multivariate analyses such as Structural Equation Modeling and path-analyses,
AMOS was employed.

For all studies, the same criteria for normality, power, and effect size were employed.
Normality was assessed in each study, incorporating the assumptions for each analysis,
by reviewing standard deviations, skewness, and kurtosis. According to O Keefe (2007),
there are three factors concerning power; sample size, alpha level, and effect size of a
population. To ensure sufficient power, power analyses were conducted for Papers II and
III (the sample for Paper I is nationally representative and thus has sufficient power). Due
to few studies assessing SDT principles in mobile-learning and TBL context, pilot-
studies were carried out to guage power. All alpha-levels were set to o = .05. Effect sizes
in the thesis follow Cohen’s (1988) suggestions for interpretation: effect sizes are
considered small at .2, medium at .6, and large at .8.

Different strategies were employed to handle missing data as there are a range of
imputation techniques to account for missing data and values. Compared to traditional
methods (listwise and pairwise deletion, mean substitution), modern methods (multiple
imputation (MI), full-information maximum likelihood (FIML)) can be employed not
only when data are missing completely at random (MCAR), but also when data are
missing at random (MAR; Little, Jorgensen, Lang, & Moore, 2013). Modern techniques
to handle missing data produce less bias parameters and better estimates of uncertainty
(Graham, 2009). For Papers I (SEM-model ) and III (path-analysis), FIML was employed
to handle the missing values, as recommended for such multivariate models (Byrne,
2016; Little, et al., 2013). For Paper II, MI was used to create five imputations for three
missing values. This is recommended when the missing values are less than 5 percent and
when the data are missing at random (Schafer, 1999).

Study design and analytical strategies for Paper I
A cross-sectional design was used to test how well a SDT-based model fits a national
representative sample of biology students. In such a design, data collection is gathered at
one time point, without controlling for confounding variables, and thus not infer cause
and effect (Greer & Mulhern, 2002). However, two measures were adopted to strengthen
the design of this study. First, the study collected the students” prospective academic
achievements for that semester. This allowed the assessment of student motivation early
in the semester and the ability to predict prospective achievement. Second, based on
theorisation and previous research (Byrne, 2016; Kline, 2011), a structural equation
model allowed the specification of a “causal” assumption of cause and effect between the
students” social context, their motivations, and in turn, their achievement.

Structural Equation Modeling (SEM) is a statistical analysis that takes a confirmatory
approach in analysing hypothetical causal structural (regressions) equations (Byrne,
2016). SEM consists of both the measurement model and a structural model. Several
conventional goodness-of-fit indices and cut-off criteria are used to measure how well the
data fit the hypothetical model (Hu & Bentler, 1999). Specifically, a comparative fit
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index (CFI) above .90, root mean square error of approximation (RMSEA) below .08,
and a chi-square/degree of freedom ratio (y°/df) below 2, are considered acceptable.

Study design and analytical strategies for Paper 11
An experiment (randomised controlled trial) was carried out to analyse the mean
differences between the study conditions on student intrinsic motivation, perceived
competence, and achievement, employing an independent t-test. An independent sample
t-test is a statistical analysis employed when comparing the mean of an outcome between
two groups where the outcomes are likely to be caused by the manipulation. A t-test,
rather than a one-way ANOVA, was appropriate because the independent variable
(condition: experiment vs control group) had only two levels.

Hierarchical regression analysis, which is a type of general multiple regression, is a
procedure for entering independent variables into the equation in a specific order. This
entering should be based on theoretical or logical rationales, not statistical (Tabachnick &
Fidell, 2007). By entering different variables in steps, hierarchical regression analysis
allows the analysis of the independent contribution of the variables when controlling for
the variables in the previous step. Hierarchical regression analysis gives the model’s total
explained variance in the dependent variable, and the total explained variance of the
independent variables for each step. In contrast to a full SEM, path-analyses only include
a structural model and not a measurement model. Thus, path-analysis employs manifest
variables, as opposed to latent variables, which is the case in the experiment. The same
goodness-of-fit indices as mentioned above are used to evaluate the model fit.

Study design and analytical strategies for Paper II1
The quasi-experiment in Paper I1I used a one-group pre-test/post-test design to test for
differences between mean scores of student motivation, need-satisfaction, engagement,
and achievement in lectures and in Team-Based Learning. Quasi-experiment refers to an
experimental design in which the aim is to describe causal hypotheses about manipulated
outcomes (Shadish, Cook, & Campbell, 2002). In contrast to a true experiment, a quasi-
experiment lacks randomisation of individuals to study conditions. Quasi-experiments
may lack control groups due to practical constraints such as funding, ethics,
administrative reasons, or logistical constraints (Shadish, et al., 2002). There are a couple
of reasons why a quasi-experiment was chosen. First, the lack of an equivalent control
group meant it would be difficult to conclude that any finding was due to between-group
differences and not within-group variability, although similar approaches have been
taken using active learning methods and the same overarching theoretical perspective
(e.g., Levesque-Bristol & Stanek, 2009). Second, central to TBL is the requirement for
teams to participate over longer periods of time, but due to the few mandatory classes,
short class periods, few participants, and difficulties of changing course descriptions, it
was not possible to conduct a true experiment.

In order to test for mean differences between pre-test and post-test, a number of repeated
sample t-tests were conducted. A repeated sample t-test is a statistical analysis that
compares the same individual across two time-points. Path-analysis was then used to
analyse the change scores from pre-test to post-test. Specifically, we calculated the
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regressed standardised residuals from the post-test scores on the scores of the pre-test for
all variables. Then, a path-analytical model was specified in which all predictor variables
predict engagement, which in turn, predicts perceived learning. A path-analytical model
allowed a test of how well a SDT-based model could explain changes between pre-test
and post-test scores, and also a test of any mediation between the SDT-based constructs,
engagement, and perceived learning. This procedure has been previously done in studies
with a SDT-perspective (e.g., Ryan, et al., 2006). The same criteria as in Papers I and 11
were used to evaluate model fit.

Table 2

Overview of the methods used in the three papers in the thesis

Paper 1 Paper 11 Paper 111
Sample characteristics
Programme BSc and MSc BSc course in BSc course in
in Biology Biology Biology/Physical
therapy
Sample size 754 71 64
Student level BSc and MSc BSc BSc
Design Cross- Randomised Quasi-experiment
sectional experiment
Spatial extent Institutions in Research University College
Norway University
Analyses
SEM X
Path-analysis X X
Regression analysis X
t-test X
Repeated sample t-test X
MANOVA
One-way ANOVA
Motivational measures
LCQ X X X
BPNS X X
Al X
SIMS X
SRQ-L X X
IMI X
PC X X X
Engagement X
Educational measures
Dropout intentions X
Achievement X X X
Species identification X

Note: LCQ (learning climate questionnaire) was used to measure the students” perception of their teacher as autonomy supportive. BPNS (basic
psychological needs scale) was used to measure students” satisfaction of the psychological needs for autonomy, competence, and relatedness. Al
(aspiration index) was used to measure the students’ intrinsic and extrinsic aspirations for starting at the university. SIMS (situational motivation
scale) was used to measure students’ situational motivation for attending class. SRQ-L (self-regulation questionnaire-learning version) was used
to measure students” reason for learning in biology courses. IMI (intrinsic motivation inventory) was used to measure students’ post-experimental
experience of intrinsic motivation. PC (perceived competence) was used to measure students” feeling of competence within a learning context or
activity. Dropout was measured as self-reported intentions. Engagement was used to measure students” agentic, behavioural, emotional, and
cognitive engagement. Achievement was measured as final semester grades in biology (Paper I), achievement on a nine-question test developed
for the experiment (Paper II), and as self-reported learning (Paper I1I)
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Results
This chapter presents the results from the different studies included in this thesis. See
Figure 2 for an overview of the results. Paper I is a national representative cross-sectional
study of biology students in Norway. Paper II is a randomised experiment of biology
students” achievement in identifying species. Paper 11l is a quasi-experiment of students’
change in motivation, engagement, and learning from lecture to Team-Based Learning
(TBL).

Paper 1 Paper 11 Paper 111
Social context Teachers Arts App Team-Based Learning
Need-supportive Provides choice; Provides choice; Provides structure;
behaviours Provides informational Effectance-relevant Effectance-relevant
feedback; Frames feedback; Optimal feedback; Active
intrinsic goals; Accepts challenges learning tasks;
negative affect; Facilitates learning

Provides meaningful
rationale

Outcomes Higher autonomous Higher intrinsic Higher intrinsic motivation and
motivation; Higher motivation; Higher identified regulation; Higher
perceived competence; perceived external regulation; Higher
Lower dropout competence; Higher perceived competence; Higher need-
intentions; Higher achievement satisfaction; Higher engagement and
achievement perceived learning

Figure 2. Overview of the studies in the thesis, the social context, hypothesised need-supportive behaviours, and
results on the educational outcomes

Paper I

The main aim of Paper I was to investigate whether a full Self-Determination Theory-
based model could predict biology students” prospective achievement and dropout
intentions in higher education. Results from the SEM analysis found support for a SDT-
based model (see Figure 3 and Paper I); specifically, the model significantly explains a
substantial amount of variance in student prospective achievement and dropout
intentions. As expected, autonomous motivation and perceived competence positively
predict student achievement and negatively predict dropout intentions. Controlled
motivation positively predicts dropout intentions and is unrelated to student achievement.
Lastly, student extrinsic aspiration is a negative predictor of achievement. Student
perceived competence and autonomous motivation are explained by the positive direct
effect of teacher need-support and relatedness satisfaction, while only autonomous
motivation is explained by the positive effect of student intrinsic aspiration. Controlled
motivation is explained by the positive effect of student extrinsic aspiration.

Several significant indirect effects are also found. First, need-support positively and
indirectly predicts student achievement, through perceived competence and autonomous
motivation. Furthermore, need-support positively predicts perceived competence and
autonomous motivation, which in turn, negatively predict dropout intentions. Relatedness
positively predicts achievement, through the effect of perceived competence. Relatedness
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also negatively predicts dropout, mediated by autonomous motivation and perceived
competence. Intrinsic aspiration positively predicts achievement and negatively predicts
dropout intentions through autonomous motivation. Lastly, extrinsic aspiration positively
predicts controlled motivation, which in turn, positively predicts dropout intentions.

Student university well-being (University satisfaction) was also measured but omitted
from the manuscript in the manuscript review process (see Table 3). The results are
included here for completion, and show the expected directionality in that University
satisfaction is positively related to autonomous motivation, perceived competence,
relatedness, and need-support, and negatively related to dropout intentions. The results
have implications for how institutions should consider the motivational pull of social
context in relation to achievement and dropout. For instance, institutions need to consider
student aspiration and relatedness, in addition to the effect of teacher need-support.

Table 3

Relationships between the study variables in paper I and University satisfaction (a proxy of University well-being)

University
satisfaction
Achievement .09
Dropout intentions - 18%*
Autonomous 15%*
motivation
Controlled -.06
motivation
Perceived 21%*
competence
Relatedness 22%%*
Need-support 28%*
Intrinsic aspiration .02
Extrinsic aspiration -.02

Note: ** significant at p < .01. University satisfaction were omitted from Paper I due to suggestions from a reviewer
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Perceived
competence

Need-
support
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(.16/.37)

Achievement

Autonomous
motivation

Relatedness .16 (.08"/.29)

Intrinsic
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intentions
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motivation

Extrinsic
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Figure 3. Final motivational model with standardised regression coefficients for total sample (Bachelor and Master
students). For clarity, the measurement model is not shown. Additionally, only significant different paths between
Bachelor and Master students are shown. Non-significant paths for multi-groups analysis for either Bachelor or
Master students are indicated (n.s.).

Paper 11

The main aim of Paper Il was to test experimentally whether a technological mobile-
application tool could increase student intrinsic motivation and perceived competence for
species identification, and in turn, achievement in identifying species, compared to
students using a traditional textbook method. Several main effects were found. First,
students assigned to the mobile application-condition had significantly higher intrinsic
motivation, perceived competence, and achievement scores, compared to the students
assigned to the textbook-condition. Second, using a path-analytical model (see Figure 4
and Paper II), we found that the mobile application-condition positively predicts student
perceived competence and intrinsic motivation. Only intrinsic motivation, in turn,
significantly and positively predicts student achievement. Lastly, hierarchical regression
analysis was used to analyse which factor accounted for the explained variance in student
interest in identification of species and importance of knowing species. The results show
that intrinsic motivation predicts interest in identification of species in all five steps,
whereas the traditional textbook method became significant only when controlling for
student intrinsic motivation and autonomous motivation. In importance of knowing
species, intrinsic motivation, autonomous motivation, and the textbook method are
significant in the last step. For both dependent variables, teacher autonomy support is
unrelated. The results have important implications for how to facilitate undergraduate
students” intrinsic motivation and perceived competence. Specifically, using mobile-
technologies that have inherent need-supportive elements could promote interest and
enjoyment in the learning process for initially uninteresting learning activities.
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Figure 4. Mobile-application coded=1, Textbook coded=2. Path-analysis with standardised estimates. IM = Intrinsic
motivation, PC = Perceived competence, Ach = Achievement. Stippled arrows indicate non-significant paths. Total
effects (R%) are shown in mediators and dependent variables

Paper 111

The main aim of Paper III was to investigate whether collaborative learning, specifically
Team-Based Learning, could increase student motivation, engagement, and perceived
learning. Results show that student intrinsic motivation, identified regulation, external
regulation, perceived competence, perceived need-support, need-satisfaction,
engagement, and perceived learning significantly increased. Further, student amotivation
significantly decreased from pre-test to post-test. Lastly, results from the path-analytical
model (see Figure 5 and Paper III) show that increases in perceived competence and
intrinsic motivation positively predict increased engagement. Increases in external
regulation positively predict increases in engagement and increases in engagement
positively predict increases in perceived learning. A test for indirect effects shows that
increases in perceived competence indirectly predict increases in perceived learning
through engagement. There is a significant and positive indirect effect for intrinsic
motivation and perceived learning through engagement. Increases in external regulation
predict increases in perceived learning mediated by engagement. The results have
pedagogical implications for how teachers organise different teaching methods. For
instance, a coerced teaching method might enhance external regulation, but could also
increase autonomous motivation, competence, engagement, and learning if there are
novel, optimally challenging, and interesting learning tasks within the teaching method.
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Figure 5. The model show all the study variables predicting students” perceived learning, indirectly through
engagement. All variables are significant at p< 0.05, except amotivation € -> identified regulation, amotivation€->
perceived competence, external regulation € —>intrinsic motivation, need satisfaction € —>intrinsic motivation,
which are significant at p<0.10. For clarity, only significant paths are shown.
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Discussion
The main aims of this thesis were to address factors that facilitate student active learning
and to assess what the effects of student active learning are on educational outcomes. By
applying the motivational approach of Self-Determination Theory (SDT), it is possible to
analyse what factors predict active students (i.e., autonomous motivation) and how, in
turn, active students relate to different outcomes. Results from the three papers seem to
corroborate the theoretical assumptions of SDT.

Antecedents

In line with the assumptions of the thesis, innovative teaching tools and active teaching
methods facilitated student autonomous motivation. Specifically, two learner-centred
approaches were investigated, a mobile-application tool (Paper II) and Team-Based
Learning (TBL; Paper III). In addition, the propensity of teachers to facilitate or inhibit
student autonomous motivation was also investigated (Paper I).

The basic premise of learner-centred approaches is to facilitate student engagement and
interaction with the learning process and material (Prince, 2004). ArtsApp (Paper 1) is
one such approach that enables interaction with learning material. It might be argued that
employing a textbook to interact with learning material (identification of species) is a
similar learner-centred approach. However, the two tools differ in the extent to which
they satisfy the basic need for learners to experience choice about what and how to learn
(Ferguson, 2010, p. 3). Based on the results of Paper II and the theoretical assumptions of
SDT, one conclusion is that learners needs to feel choice (i.e., autonomy) when learning.
SDT suggests that a social context that supports, as opposed to controls, the basic
psychological needs and which nurtures the students” inner motivational resources such
as their interest, values, goals, and aspirations, is more likely to create the conditions for
curious, active, and engaged students (Reeve, 2006). Identification of species with
ArtsApp allows students’ choice during the identification process. The conveying of
choices allows the satisfaction of the psychological need for autonomy. Moreover, the
constant feedback and dynamic identification which facilitates optimal challenges,
satisfies the students” basic psychological need for competence. Importantly, the
simultaneous satisfaction of the needs for competence and autonomy allows the
experience of intrinsic motivation. Hence, the in-built need-supportive functions in the
mobile-application tool enhance student intrinsic motivation and perceived competence.

Conversely, teaching methods that do not afford autonomy in the learning process, might
hinder autonomy (Paper III). For example, the immediate feedback process within TBL
allows for the support for competence. Scratching the IF-AT cards allows for challenge
that nurtures the need for competence. Peer-discussion during the team application allows
for use of previous knowledge in a new and creative fashion, which is a central part of
mastery and development of learning (Bandura, 1997; Csikszentmihalyi, et al., 2005).
Thus, the feedback structure within TBL reduces discrepancy between knowledge and
goals, which might enhance the students” self-regulatory skills (e.g., Hattie & Timperley,
2007) and promote the students” rote learning and conceptual understanding (Bloom,
1984).
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Even though previous empirical work has found support for student satisfaction and
enhanced achievement scores with TBL compared to traditional lectures (see;
Carmichael, 2009; Gomez, Wu, & Passerini, 2010; P. A. Thomas & Bowen, 2011), few
studies have investigated the underlying motivational pull that might either promote or
thwart motivation. Modules within TBL (e.g., multiple-choice test, significant cases) may
afford autonomy when learning. However, the inherent structures within TBL, such as
creating teams, assessing learning, mandatory participation, and evaluation of peer-
performance, might be experienced as controlling, as opposed to informational. For
instance, it is argued that structure (relative to chaos) is a central part of experiencing
competence in the classroom (Skinner & Belmont, 1993). Research on structure, which
refers to the amount of information in the context about how to effectively achieve
desired outcomes (Skinner & Belmont, 1993, p. 572) and autonomy-support, has shown
that high levels of perceived teacher autonomy-support and structure is optimal for
student motivation, engagement, and learning (see; Haerens, et al., 2017; Jang, Reeve, &
Deci, 2010). However, Vansteenkiste et al. (2012) find in a person-centred approach that
a cluster of low autonomy-support and high structure is associated with higher levels of
controlled motivation. This exemplifies the need for autonomy and competence in order
to truly reflect internalised self-regulation. That is, need-satisfaction is necessary for
integration internalisation and wellness (Ryan & Deci, 2017).

Within the educational domain, the teacher is the facilitator of learner-centred education
and active learning (Michael, 2006). Moreover, the teacher is an important authority
figure that could promote autonomous motivation (Ryan & Deci, 2017). Teachers that are
need-supportive create conditions that nurture the students” inner motivational resources
by listening, creating time for independent work, providing opportunity for the students
to talk, praising signs of improvement and mastery, encouraging effort, being responsive
to questions and comments, offering progress-enabling hints, and acknowledging the
students” perspective and experiences (Reeve & Jang, 2006, p. 214). Results from Paper I
show that teacher need-support is positively associated with relatedness, intrinsic
aspiration, perceived competence, autonomous motivation, and achievement.
Furthermore, need-support is negatively associated with dropout intentions and unrelated
to extrinsic aspiration and controlled motivation. Need-support directly predicts
perceived competence and autonomous motivation. In Paper II, however, need-support
does not uniquely account for the explained variance in interest for species identification
and importance of knowing species. These findings might suggest that teachers are more
distal when it comes to domain-specific interest in species. That is, need-supportive
teachers in classrooms may not contribute to need-satisfaction when students are in the
field.

Consequences

Self-Determination Theory suggests that when student motivation is intrinsic, the
learning is more creative, conceptual, and engaging (Deci & Ryan, 1985). In a similar
vein, when a learning activity is self-regulated and well-internalised, the behaviour
(albeit an extrinsic motivation) is personally valued and important, and, congruent with
other aspects of the self, the learning is more conceptual. This is because SDT asserts that
when students” have an internal locus of causality, act choicefully, and adopt behaviours
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that are optimally challenging, they are more likely engaging in a learning activity out of
autonomous reasons (Ryan & Deci, 2009). In contrast, when students perceive that their
behaviour is coerced or pressured, the locus of causality for the target activity is
perceived to be external to the student (DeCharms, 1968).

Results across the three papers seem to support this; for example, student autonomous
motivation is positively related to achievement (Papers I-11I) and negatively related to
dropout intentions (Paper I). The different papers were not able to differentiate between
rote-learning and conceptual understanding, however. For instance, in Paper 111, it would
have been interesting to assess whether intrinsic and identified regulation were more
associated with higher scores on the significant cases, compared to external regulation
and amotivation. It would also have been interesting to analyse whether external
regulation was more associated with the individual quizzes. Similarly, whether a
differentiation in identification of species (Paper II), for example differences in fact-
finding in the mobile-application or textbook (“how many sedges exist in Norway?”; a
measure of rote-learning) versus identifying a particular species (a proxy of conceptual
learning), could have accounted for different levels of intrinsic motivation.

These results may have important implications for how higher education assesses
students. Exams that are based on “one-size-fits-all” may not be sensitive for any
particular student’s level of competence. That is, one size fits all exams (typically school
exams) may be either too challenging or too easy. Hidi and Harackiewicz (2000) argue
that extrinsic motivators may be used to develop interest and long-term motivation.
However, such exams and extrinsic motivators may be detrimental for student motivation
(Ryan & Brown, 2005). Moreover, when teachers are need-supportive (Paper I) or when
courses employ active-learning methods (Papers I and II), they promote more
autonomously motivated students, which, in turn, are less grade-focused and more
learning and growth-minded. Attaching high-stakes to tests is likely to put pressure on
students to achieve and promote introjection, as opposed to autonomous motivation.
Based on SDT, tests could be used informationally to improve learning and not just
measure learning (i.e., portfolio-based assessment).

Institutional support of motivation and learning

Forest (2007) argues that many societal processes such as globalisation, market forces,
and information technologies, affect the content of learning in higher education, but not
how it is delivered. This has important implications for teaching and learning. From this
thesis, several implications for the Norwegian higher education system can be drawn.

Large-class lecturing remains the standard teaching method despite research suggesting
that it promotes passive learning (Biggs & Tang, 2011). There exist several learner-
centred approaches that could facilitate active learning students. For example, problem-
based learning, case-based learning, flipped-classroom, workplace learning, and peer
instructions (DeLozier & Rhodes, 2017; Michael, 2006; Prince, 2004). Such active
learning methods could be used to promote student autonomous motivation and
achievement (cf. Papers II and IIT). However, there could be institutional and
administrative factors that are inherently demotivating and thus experienced as ego-



33

depleting. For instance, non-academic processes (frustration of tedious, complex and
laborious procedures) and assessment (summative assessment) may impact student
motivation and internalisation (Nukpe, 2012). How can higher education institutions
facilitate student motivation? The proximal solution is the teacher (Papers I and III). On
the other hand, there could be institutionalised factors that inhibit teachers from being
need-supportive: for example, there might be pressure both from the top and the bottom
that is more conducive towards control rather than autonomy (Pelletier & Sharp, 2009).
Students that are listless, apathetic, and disengaged may promote more controlling
behaviour from the teacher, which in turn, may enhance the controlling motivation and
amotivation within students. Moreover, administrative pressures such as time and
curriculum constraints, high standards, accountability for student results, and pressure to
conform to certain teaching methods may all thwart the psychological needs of the
teachers, which in turn, control student motivation.

How can the higher education system create the conditions in which education has high
learning quality (i.e., increase autonomous motivation and engagement, facilitate deep
learning) and solve its educational challenges (i.e., graduate more students with natural
sciences, reduce dropout, increase flexibility and autonomy)? Ryan and Deci (2009)
suggest that there are two approaches with respect to need-satisfaction and need-support,
top-down and bottom-up. A bottom-up approach is where teachers and administrators
participate in a change process facilitated by a SDT expert. The expert conveys SDT
principles in which the institution develops and implements these principles in teaching
and learning. A bottom-up approach may be time-consuming, expensive, and difficult to
implement in large institutions (Deci, 2009). A top-down approach, on the other hand, is
a structured approach with specific policies, procedures, and curricula designed to
promote need-satisfaction. When all levels within an institution (i.e., Head of
Department, Head of Administration, administration, teachers, students) internalise the
value of its importance (i.e., the change), successful implementation is more likely (Deci,
2009). When implementing learner-centred education, higher education institutions
should strive to support the psychological needs of the teachers. By conducting seminars
with active teaching methods where teachers can choose different seminars affords
satisfaction of the need for autonomy. Allowing teachers to collaborate in teaching
courses and to discuss obstacles and issues facilitates the satisfaction of relatedness.
Lastly, providing teachers with in-class feedback on teaching methods and demonstrating
different methods of teaching may support the need for competence.

Another approach within a learning situation may be the implementation of technology.
Use of technologies in higher education has become an increasing trend (Altbach &
Forest, 2007). Video-learning, “clickers”, smartboard, and smartphones (Paper II) are
examples of technologies that institutions may incorporate to enhance participation,
relevance, and interest. However, technology and pedagogy has to be coherent in order to
promote learning (Schmid, et al., 2014). That is, it is not the technology per se that
contributes to the effect of student motivation and learning, rather it is the degree of
need-satisfaction afforded within the technology that facilitates need-satisfaction, and in
turn, enhances intrinsic motivation and perceived competence. Rigby and Przybylski
(2009) argue that SDT provides an interesting framework to investigate the effects of
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technology on behavioural outcomes. Specifically, ICT may enhance autonomous
motivation for learning when satisfying autonomy (sense of ownership and control of
one’s behaviour), competence (sense of self-efficacy and high effectiveness), and
relatedness (sense of connectedness and belonging to a group; Koh, 2016). In the
example of the the mobile-application tool (Paper II), it is argued that ArtsApp (the
mobile-application tool) increases the students” intrinsic motivation and perceived
competence because it supports their basic needs for autonomy and competence (Rigby
& Ryan, 2017), whereas Lids Flora lacks the ability to afford choice (autonomy) or
provide ongoing feedback and information (competence). In summary, technologies may
impact student motivation and competence. In line with SDT, the inherent functions of
the technologies could be interpreted as intrinsically motivating to the extent that they are
perceived as informational (relative to controlling and amotivational). For instance, a
study by Jeno, Adachi, Grytnes, Vandvik, and Deci (2017) shows that the need-
supportive elements of a mobile-application tool enhances need-satisfaction and intrinsic
motivation, which in turn, increases positive affect and reduces negative affect (well-
being). Thus, an informational context supports the basic needs for autonomy,
competence, and relatedness and promotes intrinsic and autonomous motivation (relative
to controlled motivation), which in turn, facilitates learning.

Limitations and strengths

There are several limitations worth mentioning when interpreting the results of this
thesis. First, the theoretical approach of the present project has solely relied on the
framework of SDT. Future studies should include other theoretical perspectives to further
understand antecedent and mediating factors that might impact student outcomes. By
including other theoretical frameworks, the results could have accounted for more of the
explained variance in the outcome measures (see for instance; Seifert, 2004). For
example, work by Diseth, et al. (2012), Danielsen, et al. (2009), and Diseth and Samdal
(2014) have used several theoretical approaches to account for the explained variance in
student well-being and achievement by combining SDT, Achievement Goal Theory, and
Self-Efficacy Theory. Moreover, the thesis could have employed a learner-centred model
to understand the motivational pull of active learning. For instance, constructivistic
models focus on learner interactions with subject-matter, construct knowledge and
meaning through communities of practices, and self-directive learning (Green & Gredler,
2002; O'Donnell, 2012). According to Lambert and McCombs (1998), however, a
learner-centred model is supported by current constructivist, social constructivist, and
intrinsic motivation theories. Hence, a learner-centred model seems to overlap with the
theoretical assumptions of SDT. Moreover, according to Ryan and Deci (2017), the
strength of a theory, as opposed to models, is that theories organise and synthesise larger
systematic philosophies. In contrast, the limitations of models are that hypothetical
relations between variables and constructs are proposed, with a poor foundation in the
philosophies from which they are derived, and they are “ambiguous with respect to their
implications across varied levels of analysis” (Ryan & Deci, 2017, p. 6).

Second, across all studies, self-reported measures of student motivation and outcomes
have been employed, as opposed to behavioural measures of student motivation and
outcomes. It may be argued that this is a limitation because subjective self-reports could
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be unreliable compared to objective behavioural measures. However, this can be turned
around: from a SDT-perspective, self-reports (i.e., from students) are more important
than objective measures because the students” perception of need-satisfaction is more
important than objective measures (Ntoumanis, 2005; Vallerand, et al., 1997). An
interesting future research direction would be to combine approaches: employ objective
measures (i.e., observations, free-choice measures, diary-studies) alongside self-reports
to test whether, and under what circumstances, these coincide and/or differ.

Third, the use of path-analysis may be inappropriate in studies with low sample size
(Papers II and III). As a statistical procedure, SEM is considered a large-sample
procedure (Kline, 2011). Wolf, Harrington, Clark, and Miller (2013) argue that a large
sample size may be needed to achieve adequate statistical power and stability for model
fit in SEM models. However, no conventional guidelines exist (O Rourke & Hatcher,
2013), and suggestions have varied from an N/q ratio between 20:1 (Jackson, 2003) and
5:1 (Bentler & Chou, 1987). According to Iacobucci (2010), a large sample size is
needed for unreliable and vague measures, but a small sample size is adequate for reliable
measures with strong effects. The validity of Papers II and III, despite low sample sizes,
is strengthened by (i) both Papers using measures retrieved from well-validated scales
and taking an empirically-supported theoretical approach (Deci, et al., 1999; Sheldon,
Osin, Gordeeva, Suchkov, & Sychev, 2017) and (ii) strong and consistent effects in both
Papers (low sample size is more likely to result in Type II errors and/or in inconsistent
effects if there are spurious correlations).

Lastly, the measurement of achievement has been assessed by means of standardised
grades (Paper I), a material test (Paper 1), and self-reported perceived learning (Paper
III). There may be much variability in the different assessment methods and thus it may
be inappropriate to infer any general relationship between motivation and achievement.
However, by definition, achievement is defined as the students” attainment based on their
performance, as opposed to ability or potential (Wallace, 2009). According to Sadler
(1987), there might be different ways of assessing achievement, such as norm-referenced
assessment, which is the standardisation of grades along a Gaussian curve or other
distributions; criterion-referenced assessment, which is the actual achievement of a
student and employs measures that are interpretable in terms of performance standards;
and standard-referenced assessment, which is an assessment of achievement using
several smaller objective measurements, weighting and summing them up, and then
teachers or other competent people make qualitative judgements about the achievement-
level. Much of the higher education system, and school institutions in general, are based
on norm-referenced assessment. According to the assumptions of SDT, feedback such as
grades can have two functional significances: informational and controlling. Thus, within
SDT, a grade can be used to provide competence-relevant feedback (=informational) or
used to evaluate, compare, and screen (=controlling) (Ryan & Weinstein, 2009). Ryan
and Deci (2017) note that tests may provide information to students if given in an
autonomy supportive context. In Paper III, the information given to the students of the
scratch cards (test) provided effectance-relevant feedback, but not summative. The aims
of the different studies were not to evaluate the impact of the tests on motivation, but
rather to investigate how motivation affected the results on the tests. For instance, in
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Paper 11, we were interested in how a need-supportive teaching method (ArtsApp)
affected intrinsic motivation and perceived competence, which in turn, affect results on
an achievement test, relative to a traditional teaching method that, on average, could be
perceived as more controlling.

The thesis also has several strengths. In particular, I would like to highlight the benefits
of the heterogeneous methodology, and of assessing of both motivation and achievement
within the individual studies. The use of cross-sectional and experimental designs, for
example, has enabled tests of the assumptions of SDT and learner-centred principles
through several statistical procedures. Specifically, when using a cross-sectional design
(Paper I), the ability to include the students” prospective achievement has provided some
support for temporal causality. By using an experimental design (Paper II) it was possible
to infer cause and effect between the experimental condition and outcome, while the
ability to assess change scores (Paper III) allowed a longitudinal investigation of the
students” perception of different types of teaching methods. It would, of course, have
been interesting to take this triangulation of methods further within each paper, which
may have increased the explanatory power in the different studies and models. Follow-up
interviews, for example, could have helped understand the students” phenomenological
experience of learner-centred approaches. Such a notion is in line with the philosophical
assumptions of SDT and the self (Ryan & Niemiec, 2009).

Another strength is the diverse use of student populations, which is important for the
ecological validity. The use of biology students sampled nationally (Paper I), and from
within a cohort of bachelor students within the biology programme in Bergen (Paper II)
as well as physiotherapy students (Paper I1I) provides stronger support for the external
validity of the thesis. That is, the results of the thesis may be more easily generalised
across similar student samples. For instance, the results from this thesis may be
applicable to other STEM subjects such as engineering, chemistry, and mathematics that
employ field learning, lab-work, and/or taxonomy. Health professions similar to physical
therapy (e.g., dentistry, medicine, nursing), may have stronger generalisability of the
results than social sciences.

The results from this thesis provide support from a national representative sample of
biology students as well as course-specific samples. This is especially important for two
reasons: SDT is a theory that suggests that all humans have innate and universal
psychological needs and thus are invariant across gender, culture, and socio-economic
status. SDT emphasises that the needs are universal, for although “they may have
different expressions or different vehicles through which they are satisfied, their core
character is unchanging* (Ryan & Deci, 2002, p. 7). For the proposed motivational
model for achievement and dropout it was therefore necessary to validate it nationally for
all the higher education institutions that provide general biology. Courses within an
institution differ in terms of teachers, syllabi, materials, rooms, and context, so providing
practical support in field courses (Paper II) and theoretical courses (Paper III) is
important for the implementation of SDT principles in higher education.
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Conclusions
This thesis contributes new knowledge within learner-centred research on higher
education. The results suggest that support of the basic psychological needs for
autonomy, competence, and relatedness is important for facilitating autonomous types of
motivation. Interpersonal climates facilitated by teachers, and teaching methods such as
mobile-application tools and Team-Based Learning, should have elements of need-
support in order to enhance autonomous motivation. Autonomous motivation may have
positive effects on achievement and persistence due to endorsement of behaviour and an
internal locus of causality. In summary, this thesis provides a novel approach to learner-
centred education in understanding its motivational effects on student achievement that
has previously been under-studied.

Practical implications

This work identifies several practical implications from the results of the three papers.
First, the project has found different antecedents to facilitate student autonomous
motivation. Based on the results, higher education institutions are recommended to
consider the students” inner motivational resources in developing teaching and learning.
For instance, institutions are encouraged to consider student aspirations when entering a
course. This is important because aspirations may be related to achievement and dropout.
Moreover, there are multiple benefits to nurturing student autonomous motivation, and it
is recommended for teachers to employ a need-supportive motivational style. This is
achieved by satisfying the basic psychological needs for autonomy, competence, and
relatedness by trying to understand the students” internal frame of reference, to
acknowledge negative feelings, and provide students with a meaningful rationale. To
achieve high quality learning, teachers are recommended to base their teaching around
their students” interest, provide optimal challenges, and informational feedback. Last, the
thesis identifies two learner-centred teaching methods that might enhance student
achievement: mobile-learning and Team-Based Learning. However, an important
conclusion is that not all teaching methods are created equally. Technological tools and
teaching methods should be developed and evaluated in light of the three basic
psychological needs for autonomy, competence, and relatedness, and assessed as to
whether the functional significance of the method is informational, controlling, or
amotivational. The consequences of the functional significance are strongly associated
with the quality of motivation, learning, and wellness.

Future studies

Based on the results from the present project, it would be interesting to see if the results
from the three studies could be replicated. A limitation of Paper I was the cross-sectional
design. Future studies should extend this by conducting a longitudinal study and testing
how the motivational dynamics fluctuate across a semester or a Bachelor/Master’s
degree. This would be useful for assessing how variation in motivation predicts student
achievement and dropout. Papers II and III tested the motivational and learning outcomes
of mobile-learning and Team-Based Learning. It would be beneficial to replicate the
studies with different active teaching methods because there might be different
motivational pulls within each method which might support or control the learners’
psychological needs. For example, does flipped-classroom, problem-based learning, and
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clickers promote optimal challenges, choice, and relatedness associated with need-
support? Moreover, although the present study found that ned-support, relatedness, and
autonomous motivation are positively associated with university satisfaction, future
studies should include a measure of psychological well-being in active learning methods.
This is potentially important to further explain the different motivational pulls of learner-
centred education and preventing dropout, ill-being, and academic failure. Last, future
studies should investigate how different active learning methods (e.g., mobile-application
tools, TBL) affect students with different abilities and resources. That is, do active
learning methods promote autonomous motivation and increase student achievement over
and above previous achievement (high achievers vs. low achievers) and socio-economic
status?
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Self-Determination Theory (SDT) we conducted an experimental study to test the effect of
the mobile-application, relative to the traditional textbook, on students' intrinsic moti-
vation, perceived competence, and achievement. Seventy-one students were randomly
assigned to either an experimental condition (mobile application - ArtsApp) or control
condition (textbook - Lids flora). As hypothesised, the students using ArtsApp had higher
intrinsic motivation, perceived competence, and achievement, compared to the textbook

Keywords:
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Mobile-learning control group, with medium to large effect sizes. Furthermore, using the mobile applica-
Biology tion, relative to the textbook, predicted intrinsic motivation, which in turn, predicted
Learning higher achievement scores in a path analysis. Lastly in a hierarchical regression analysis,
Electronic learning intrinsic motivation and autonomous motivation accounted over and above in students’

interest for species identification, and importance of knowing species. These results are in
line with SDT's theorising: emphasising that when students act out of interest, choice, and
have an internal locus of causality, they achieve better outcomes, presumably because
these satisfy students’ psychological needs for autonomy, competence, and relatedness.
Factors facilitating this are interest, choice, and feedback, which we argue are in-built
functions in the mobile application as opposed to the textbook, and which might ac-
count for the positive results. Further studies with several student-groups and complex
designs are needed before inferring causality across educational levels. Based on the
present study, we recommend that biology teachers in higher education employ mobile
application tools in species identification due to increases in motivation and a higher
degree of accurate identification of sedges.

© 2016 Elsevier Ltd. All rights reserved.

1. Introduction

The ability to correctly identify a particular plant or animal to species is the foundation of biodiversity science. Biodiversity
research is increasingly critical in a world subject to unprecedented rates of climate change, habitat loss, and other
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environmental pressures (Rockstrom et al., 2009), as we urgently need to understand the impact of these drivers on our
biodiversity and ecosystems. Providing the future workforce with the skills and competences necessary to meet society's
needs in this area is a key deliverable of the educational system, and it is therefore a paradox that there is now a decreasing
focus on learning plant and animal taxonomy at all educational levels (Lawler, 2016; Parkin, 2016). This declining interest in
species knowledge and its underlying skills is, in part, a result from a shift towards an increased focus on what is seen as
‘higher-order cognition’ throughout the educational system (Bloom, 1956), reflecting the view that biodiversity knowledge
and especially species identification skills are based on rote learning and rather simple cognitive processes. Investigating
factors that increase species identification knowledge in general, the motivation for identifying plant and animal species, and
the importance of knowing species is thus necessary. The main goal of the present study is to test the effect of a mobile
application tool for the identification of species amongst biology students by assessing how the use of the mobile application
affects the students' achievement, their motivational predictors for achievement, and their perceived value of species
identification. Several reports state that STEM (Science, Technology, Engineering and Mathematics) education and research
areas are highly important domains to invest in for the future, both across the world and in Norway in particular (Maltese &
Tai, 2011; Ministry of Education and Research, 2015a, 2015b). However, amongst the OECD countries, Norway scores the
lowest in student motivation and perception of usefulness in their education (OECD, 2014). With an increasing amount of
electronic possibilities as teaching methods, textbooks may be seen as old-fashioned, and using mobile applications could be
a way to increase students' motivation and achievement.

1.1. Mobile-learning, motivation and achievement

Electronic-learning (e-learning) and mobile-learning (m-learning) has transformed the traditional learning context from
classroom to a virtual space (Gikas & Grant, 2013; Hashemi, Azizinezhad, Najafi, & Nesari, 2011; Tham & Werner, 2005). A
survey conducted by the National Institute for Consumer Research (SIFO) shows that 74 percent of the Norwegian population
has access to a smartphone and 46 percent have access to a tablet (Slettemeas, 2014), and this number is only expected to
increase. Moreover, across the OECD countries, 96 percent of 15-year-old students have a computer, smartphone or tablet at
home (OECD, 2015). The increased use of smartphones and tablets in the population in general raises the possibilities for
supporting learning and motivation in the educational domain. There have been several studies on the effectiveness of mobile
learning, relative to traditional learning methods. For instance, in a quasi-experimental study on plants among elementary-
school students, Huang, Lin, and Cheng (2010) found support for a mobile learning system (IVLS). One group of students was
introduced to a mobile learning system (experimental condition), while a control group was introduced to a guidebook. Both
groups were asked to observe and find plant characteristics and morphology. The study showed that the MLS had a statis-
tically significant effect on students’ attitudes towards outdoor plant learning and pre-test/post-test achievement scores
compared to the guidebook. Noguera, Jiménez, and Osuna-Pérez (2013) did a similar study with physiotherapy students
learning manual therapy. Students were randomly assigned to two conditions, either an experimental condition (mobile
application) or a control condition (traditional teaching session). Using a comparative crossover design, it resulted in students
in the experimental condition scoring higher in general on a post-experimental test. The effects of m-learning have also been
found in studies where students learn about culture (Hwang & Chang, 2011), bird observation (Y. S. Chen, Kao, & Sheu, 2003),
statistical concepts (Ling, Harnish, & Shehab, 2014), and dementia (Pitts et al., 2015). A meta-analysis by Wu et al. (2012)
found that studies on mobile learning primarily focus on evaluating the effectiveness of mobile learning and that these
studies employed mobile phones as a learning system. Importantly, the results show that 86 percent of the studies report
positive results of the research outcomes, as opposed to one percent who reported negative outcomes. A recent meta-analysis
by Schmid et al. (2014) investigating the effect of technology among higher education students, finds support for the
effectiveness of technology in education.

Several reports within the educational domain argue that an integration of digital competence in education is highly
important for future employability and knowledge acquisition (Erstad, Amdam, Arnseth, & Silseth, 2014; Ministry of
Education and Research, 2015b). Temte and Olsen (2013), in a report on how technology contributes to increased learning
outcomes in higher education, find that students perceive that technology contributes to flexibility in their studies. In light of
this, it might be argued that mobile-devices could have several motivational benefits for the student, for example, freedom,
ownership, communication, enjoyment, and accessibility (Jones & Issroff, 2007). Studies investigating the effect of technology
have previously found support for this reasoning (Law, Lee, & Yu, 2010; Martens, Gulikers, & Bastiaens, 2004; Pitts et al., 2015;
Sha, Looi, Chen, & Zhang, 2012). Hence, the benefits of mobile learning are that students are given more volition and are more
active in their learning. One theory that has proved especially useful in analysing motivational factors, student motivation,
and achievement in education is the Self-Determination Theory (SDT: Deci & Ryan, 1985).

According to SDT, students have three inherent basic psychological needs for autonomy, competence, and relatedness
(Deci & Ryan, 1985; Ryan & Deci, 2000b). Satisfaction of the basic needs is theorised to be positively associated with psy-
chological well-being, whereas thwarting of the needs is detrimental to well-being, and associated with psychological ill-
being. A basic tenet of SDT is that the satisfaction of the basic psychological needs is necessary for intrinsic motivation, i.e.
those behaviours that are performed for the inherent satisfaction of the activity, as opposed to extrinsic motivation which is
carried out for some instrumental reason (Ryan & Deci, 2002). SDT differentiates between two classes of motivation:
autonomous and controlled. Autonomous motivation is a behaviour that is performed out of volition and self-endorsement.
Controlled motivation, on the other hand, is regulated by rewards and punishment, or by introjection (ego-involved or
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avoidance of self-derogation) (Niemiec & Ryan, 2009). In general, research finds that intrinsic motivation and autonomous
motivation are positively related to beneficial outcomes, whereas controlled motivation is not (Deci & Ryan, 2008; Fortier,
Vallerand, & Guay, 1995; Koestner, Ryan, Bernieri, & Holt, 1984; Ryan & Deci, 2009). Lastly, SDT has a dialectic approach
and assumes environmental support (psychological need support) for autonomous motivation, while environmental control
(psychological need thwarting) of students' behaviour is predicted to frustrate the basic psychological needs that lead to
controlled motivation. The notion of support has been found meta-analytically and is necessary across all educational levels
(Deci, Koestner, & Ryan, 1999).

Some studies have tested the effect of mobile-learning on motivation directly. Koh et al. (2010) find that students who
were in the experimental-condition relative to students in the control-condition, scored higher on an achievement test, had
higher autonomous motivation and meta-cognition, and experienced higher psychological need satisfaction. Roca and Gagne
(2008) conducted a study investigating the antecedents of acceptance and intentions of use of e-learning. Results indicated
that perceived competence and autonomy predicted the participants' perceived usefulness, playfulness and ease of use,
which in turn predicted intentionality. A similar study found support for these relationships among teachers (Sarebg, Hallgeir
Halvari, Gulli, & Kristiansen, 2009). Ryan, Rigby, and Przybylski (2006) performed a range of studies, both experimental and
cross-sectional, investigating need satisfaction and its contribution to gaming experiences. Results indicated that across all
studies, the participants' need satisfaction of autonomy and competence predicted a unique proportion of their enjoyment
and preference for future play. Tamborini, Bowman, Eden, Grizzard, and Organ (2010) replicated the results in a similar
experiment showing that all three needs mediated perceived game skills, co-playing, natural mapping, and enjoyment.

1.2. Overview of study

Results generally show that technology supports learning, over and above traditional methods. Further, students may be
interested in, and motivated for, technology (Jeno, 2015; Jones & Issroff, 2007), thus m-learning and intrinsic motivation for
learning a task may have a synergetic effect resulting in enhanced learning. The present study aims to investigate how a
mobile application tool vs. a traditional identification tool relates to and affects students' achievement scores, intrinsic
motivation, and perceived competence. The mobile application is a newly developed identification tool named “ArtsApp”. The
structure of ArtsApp generates more choices and also more volition than the traditional textbook. In line with SDT, choice and
volition promotes a perception of satisfaction of the need for autonomy. Furthermore, the information provided during the
identification process is, to a larger extent in the application than the textbook, competence-supportive due to feedback and a
game-like experience during the identification process. In light of this, the following hypotheses are put forth: 1) ArtsApp
contributes to higher achievement scores, perceived competence and intrinsic motivation compared to the traditional
identification tool; 2) intrinsic motivation and perceived competence have an indirect effect between the identification tool
used (ArtsApp, textbook) and achievement; and 3) intrinsic motivation, autonomous motivation, and autonomy support
explain a unique proportion of interest in species identification and the importance of knowing species.

Within a Norwegian context, research guided by SDT has found support for SDT's basic assumption in elementary school
(Olaussen, 2009), secondary education (Diseth, Danielsen, & Samdal, 2012), and upper secondary education (Jeno & Diseth,
2014). However, few studies have thus far employed a SDT perspective in higher education in Norway. As the reviews above
show, generally few studies have tested how m-learning affects learning using SDT as a theoretical framework, although there
have been some studies in other domains such as ICT (Legrain, Gillet, Gernigon, & Lafreniere, 2015), health studies with virtual
clinicians (Williams et al., 2014), online gaming (Wang, Tao, Fan, & Gao, 2015), and online learning (K.-C. Chen & Jang, 2010;
Hartnett, George, & Dron, 2011). Our study is important in further understanding how m-learning can affect student
achievement, and why some mobile applications could contribute to learning gains and others might not.

1.3. Materials

The Norwegian flora is well-known and relatively species poor, but with some notable exceptions, such as the sedges
(Latin: Carex). There are over 2000 different species of sedge across the world: 97 of them are found in mainland Norway. For
new undergraduate biology students, sedges may look like grasses and other graminoids but once learned it is easy to
distinguish them. Many students struggle to identify the sedges to species, and lack motivation to even try to identify this
group. Traditionally, teaching and identification of sedges has been carried out using classical identification keys in the
Norwegian standard plant identification book “Lids Flora” (Lid & Lid, 2005). The identification process in Lids Flora is hier-
archical and makes use of dichotomous “keys”. These require the students to first identify which family the plant belongs to,
then, based on characteristics of the individual, students have to choose between two possibilities before moving to the next
identification question. To find the right species among the 104 Norwegian species, a student usually has to go through 8—10
questions, often involving microscopic and hard-to-distinguish characteristics before ultimately finding the right species.
These keys are often comprehensive and require solid knowledge of technical terms and morphology. In addition to being
comprehensive and complex, the students do not see the flora as well suited to fieldwork or other practical work.

An alternative to this traditional textbook method is “ArtsApp”, which was developed jointly by bioCEED—Centre of
Excellence in Biology Education, the Norwegian Biodiversity Information Centre, and the Centre for Science Education.
ArtsApp is available for Android smartphones and can be freely downloaded at Google play (bioCEED, 2015). ArtsApp is a
mobile application that allows students to identify sedge species more dynamically with the ability to choose which of all the
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characteristics of the species to determine first, and can thus start with the easier characteristics instead of having to move
down in a given order. ArtsApp contains pictures of the characteristics in question, in addition to the textual descriptions
(Fig. 1a and b). ArtsApp also keeps track of your progress in terms of how many species you have excluded and how many you
have left to choose between before ending up with an identification. ArtsApp can also be geographically ‘smart’ in that it can
exclude species that are not found, and therefore not relevant, in your study area.

2. Method
2.1. Participants and procedure

The participants were 71 Second-year bachelor students at a large university in Norway, 35 percent males and 65 percent
females, with a mean age-class of 21—22 years (SD = 0.97). The students were recruited during a field course as part of a
mandatory biology course. Ninety-four students were asked to participate, with the possibility to win cinema tickets for
participating. Written information about the purpose of the study was given to the students before starting the experiment.
All the students were assured that their answers would be treated confidentially and they were informed that the study had
obtained approval by the Norwegian Social Science Data Services for research (NSD). Finally, students were told that they
could withdraw from the study at any time without consequences. Students who wanted debriefing had the opportunity to
talk to a trained research assistant, or contact the first author for more information. Using these methods, we obtained a
response rate of 75 percent. All the students were given the correct answers to the identification questions in plenum at the
end of the field course. The experiment was conducted over three days due to time constraints of the field course.

The experimental procedure was as follows: participants were introduced to general species identification processes on
the first day of the course. This general introduction included both the traditional “Lids Flora” (Lid & Lid, 2005) textbook
method and the new “ArtsApp” digital method on smartphones or tablets. After this general introduction we conducted the
experiment. A trained research assistant, unaware of the study hypotheses, randomly assigned the participants to one of the
two conditions — the experimental condition (ArtsApp — mobile application) or the control condition (Lids Flora — textbook).
The participants were then given an envelope containing information about the study, the test, and the post-experimental
questionnaire. All the participants were given the following information: “In front of you there are two pieces of paper.
Part 1 is the identification questions. Below that, is part 2, a questionnaire. Please start with part 1, the identification
questions”. The participants who were assigned to the control condition were then given the following instructions: “Kindly
answer all the questions by using the textbook Lids Flora. You can use as long time as you want. If you are not able to answer a
question, simply move to the next. When you are done with the questions you can start with part 2, the questionnaire. Please
respond to all the questions and be as sincere as possible”. Participants who were assigned to the experimental condition
were given the following instructions: “Kindly answer all the questions by using your smartphone or tablet and the
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Fig. 1. Screenshots of ArtsApp: a) structure of the sedge, b) different ways to identify a species and showing at the bottom how many species are left, how many
are left according to geographical location, and how many species have been eliminated.
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application ArtsApp. You can use as long time as you want. If you are not able to answer a question, simply move to the next.
When you are done with the questions you can start with part 2, the questionnaire. Please respond to all the questions and be
as sincere as possible”. All the participants in the control condition were provided with a textbook; participants in the
experimental condition who did not have their own smartphone or tablet were given a tablet they could use during the
experiment.

2.2. Measures

2.2.1. Intrinsic motivation

In order to measure a participant's intrinsic motivation for species identification when using the textbook or mobile
application, the interest/enjoyment subscale within the Intrinsic Motivation Inventory (IMI) was employed. The IMI subscale
consists of 7 items (e.g. “I enjoyed identifying species using ArtsApp/Lids Flora”), and has previously been used when
assessing participants' intrinsic motivation after experiments. Previous studies have found reliable and valid psychometrics
for this subscale (Deci, Eghrari, Patrick, & Leone, 1994; McAurley, Duncan, & Tammen, 1989; Ryan, Connell, & Plant, 1990). The
composite variable showed high reliability (« = 0.95, M = 4.36, SD = 1.69). A principal component analysis was performed to
investigate the underlying factorial structure of the scale. The results revealed a one-factor solution with eigenvalues
exceeding 1, explaining 75.7 percent of the variance, with factor loadings above 0.6.

2.2.2. Perceived competence

To assess students' perceived competence for identifying species, the subscale of perceived competence within IMI was
employed. This subscale measures how efficacious participants perceive themselves and has been shown to be a good
measure for perceived competence (Plant & Ryan, 1985; Ryan, Mims, & Koestner, 1983), consistent with SDT (Deci & Ryan,
1985). The scale consists of 5 items (e.g. “I think I am pretty good at identifying species”). The subscale showed good reli-
ability (« = 0.84, M = 2.98, SD = 1.14). Factor analysis (PCA) produced a one-factor solution with eigenvalues above 1
explaining 64.77 percent of the variance.

2.2.3. Autonomy support

To measure students' perception of autonomy support from their course teacher, the Learning Climate Questionnaire (LCQ)
was chosen (e.g. “I feel that my instructor provides me [with] choices and options”). The LCQ indicates the student's
perception of how much autonomy has been provided by the teachers. The scale has 6 items (« = 0.83, M = 4.85, SD = 0.99).
Factor analysis (PCA) revealed a one-factor structure for 5 items with eigenvalues above 1, explaining 60 percent of the
variance. One item was omitted due to low factor loadings.

2.24. Self-regulation

The Learning Self-Regulation Questionnaire (SRQ-L) was employed to measure students' autonomous and controlled
motivation for learning biology. The scale was adapted for the purpose of this study and consists of two subscales, three items
for autonomous motivation (“I participate in class because it's a good way to improve my understanding of biology”) and
three items for controlled motivation (“I participate in class because I want others to see I am intelligent”). The respondents
were asked to answer on a 7-point Likert-scale ranging from not at all true to very true. Autonomous motivation produced
adequate alpha levels « = 0.71 (M = 6.3, SD = 0.74). Controlled motivation produced low alpha levels & = 0.55 (M = 2.6,
SD = 1.06) below the cut-off of 0.70, which might be a concern. However, according to Cronbach (1951) and Vallerand, Fortier,
and Guay (1997), scales with few items underestimate the inter-correlations between the items. The same item average with
more items would have yielded an adequate alpha-level in our study.

2.2.5. Species identification questions

5 items were included concerning species identification and preference when keying. Three were control items: previous
experience with species identification, previous experience with identification of sedges, and preference of identification tool
(ArtsApp vs. Lids Flora). Two questions were measures of interest for identifying species and importance of knowing species.

2.2.6. Achievement

A nine-question test was used to measure students' achievement levels. The questions were developed by a biologist
specialised in identifying species. Six of the items were multiple-choice concerning characteristics of sedges and three
questions were about three different sedges given to the students to identify. The sedges were picked by a biologist, and
presented during the experiment to the students by a research assistant unaware of the research hypothesis. Two inde-
pendent raters (biologists) scored the students’ answers on a sheet. Different numbers of points were given depending on the
difficulty of the question. For instance, a correct answer identifying the sedges gave more points than multiple-choice items.
Furthermore, students could receive partial points for making an identification of a very similar sedge. The scores on the
achievement test ranged from O to 26. An inter-rater reliability test was conducted and showed high agreement with « = 0.97.
The nine questions on the test were combined to an observed composite variable labelled “achievement” in order to assess an
overall achievement level.
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2.3. Analytical strategy

All data analyses were performed with IBM SPSS 23 and IBM AMOS 23. To test for indirect effects in our model, we
employed structural equation modelling (SEM). Several goodness-of-fit indices can be used to evaluate acceptable model fit in
SEM. The most recommended indices are CFI, NFI, TLI, RMSEA, and xz/df ratio. According to Byrne (2016), CFI (Comparative Fit
Index), NFI (Normed Fitted Index), and TLI (Tucker-Lewis Index) measure how well the hypothesised model fits the inde-
pendent model or sample data. RMSEA (Root Mean Square Estimate Approximation) is a measure of how well the model
would fit if optimal parameters were available (Byrne, 2016), while the %?/df is a representation of the difference between the
unrestricted and restricted covariance matrix. According to Hu and Bentler (1999), CFI, NFI, and TLI > 0.95 are viewed as
indicators of good model fit, while RMSEA < 0.05 is recommended (Bentler, 1990; Browne & Cudeck, 1992). A ledf< 2 and XZ
p > 0.05 indicate excellent model fit. Recently, however, values for CFI, NFI, and TLI >0.90, and RMSEA <0.08 are considered as
acceptable model fit (Byrne, 2016; Kline, 2011).

There was one missing value each for perceived competence, intrinsic motivation, achievement, importance of knowing
species, and interest in identifying species. Multiple imputations were carried out to account for this in the primary analyses.
A total of five imputations were conducted using the pooled mean for each value. Such procedures have been recommended
when the missing data are at random and are few (Schafer & Graham, 2002; Schafer, 1999). The final sample size is thus 71 for
all study-variables. All variables approximated a normal distribution as shown by acceptable skewness, kurtosis, and standard
deviation (Table 1). Reliability analyses and factor analyses were conducted to investigate the study measures' internal
consistency and showed satisfactory values. There was a wide range in achievement indicating that the test was able to
differentiate between students with different skill levels.

3. Results
3.1. Preliminary analyses

Descriptive analyses of the study variables are presented in Table 1. The majority of the students (71.8%) had no prior
experience with identifying species before the experiment and very few of the students (4.2%) had experience with this
particular group (sedges). A large majority of the participants preferred the mobile application to the textbook as the primary
identification tool (mobile application = 71.8%, textbook = 19.7%). Students with previous experience of identifying species in
general had a higher mean achievement score (experience M = 7.82, SD = 3.75, no experience M = 6.5, SD = 3.27), although
the difference is not significant, t (69) = 1.45, p > 0.05. No significant difference is found between students with experience of
species identification for intrinsic motivation (t(68) = -0.187, p > 0.05) or perceived competence (t(68) = -0.017, p > 0.05). We
find no significant difference between those students with previous experience in identifying sedges and those with no
experience in achievement (t (69) = 0.899, p > 0.05) for intrinsic motivation ({(68) = 0.142, p > 0.05) or in perceived
competence (£(68) = 0.158, p > 0.05). Further, no significant difference in achievement is found between students who
preferred the mobile application or the textbook (t (63) = 0.089, p > 0.05)) for intrinsic motivation (£(62) = 0.375, >0.05) or in
perceived competence (t(62) = 0.674, p > 0.05). A test of homogeneity was conducted to test for gender effect on the three
dependent variables — achievement, interest in species identification, and importance of knowing species. No gender effect
was found (p's > 0.05), thus gender was collapsed across all variables for subsequent analyses.

3.2. Primary analyses

To test our first hypothesis, we compared the relative effect of the mobile application vs. textbook on intrinsic motivation,
perceived competence, and achievement scores. Several independent sample t-tests were conducted. Fig. 2 a—c presents the
results of the comparison along with mean scores and standard deviations. The t-tests suggest a significant difference be-
tween participants in the experimental (mobile application) and control (textbook) condition for all variables: participants
using the mobile application have higher intrinsic motivation (M = 5.44, SD = 1.23) compared to using the textbook (M = 3.24,
SD = 1.31; t (69) = 7.24, p < 0.001), perceived competence (mobile application; M = 3.41, SD = 1.19, textbook; M = 2.54,

Table 1

Descriptive statistics of the study variables.
Measures M Variable range Min. Max. Range SD Skewness Kurtosis
Achievement 6.88 0-26 0.50 16.50 16.0 3.44 0.72 0.19
Intrinsic motivation 436 1-7 1.0 7.0 6.0 1.69 -0.23 -0.97
Perceived competence 2.98 1-7 1.0 5.80 4.80 1.13 0.29 -0.42
Autonomy support 4.85 1-7 3.0 7.0 4.0 0.99 0.03 -0.58
Autonomous motivation 6.30 1-7 433 7.0 2.67 0.74 —0.92 0.14
Controlled motivation 2.69 1-7 1.0 5.0 4.0 1.06 0.37 —-0.52
Importance of knowing species 5.64 1-7 20 7.0 5.0 1.20 —0.88 0.40
Interest in identification of species 4.38 1-7 1.0 7.0 6.0 1.47 —0.42 —0.56

Note: All variables shown are treated as continuous variables. n = 71 for all variables.
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SD = 0.89; t (69) = 3.44, p < 0.001), and achievement scores (mobile application; M = 7.78, SD = 3.21, textbook; M = 5.95,
SD = 3.46; t (69) = 3.41, p < 0.05). The results indicate that the experimental-condition (use of mobile application), relative to
the control-condition (use of textbook), has a strong effect size (Cohens's d) on intrinsic motivation (d = 1.73) and perceived
competence (d = 0.82), and a medium to strong effect on achievement (d = 0.54).

To test our second hypothesis, we performed a path analysis to test for the multivariate relation of the indirect effect of
experiment vs. control condition on achievement through intrinsic motivation and perceived competence (Fig. 3). Five
thousand bootstrap samples were conducted using maximum likelihood (ML). Model fit for our model was excellent
(p > 0.05, x2/df = 1.0226, CFI = 1.00, NFI = 0.98, TLI = 0.99, RMSEA = 0.019, 95% CI = 0.000—0.318). The model as a whole
predicts 7 percent of the variance in achievement scores, with a significant total indirect effect (p < 0.008). Results from the
model indicate that experimental condition (mobile application) predicts students' intrinsic motivation ( = —0.60, CI: —0.75
to -0.41) and perceived competence (f = —0.38, CI: —0.58 to -0.15), but only intrinsic motivation significantly predicts
achievement scores (f = 0.25, CI: 0.018—0.44). Given these significant paths, we then conducted a Sobel test (Sobel, 1982)
with unstandardised regression weights and standard errors to test the specific indirect effect of condition (mobile

7,001 7,004
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Intrinsic motivation
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S
2
i
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Fig. 2. a—c: Comparison of the mean results between the experimental condition (mobile application) and control condition (textbook) on the dependent
variables.



8 L.M. Jeno et al. / Computers & Education 107 (2017) 1-12

PC
.06
-38 L
_ — 3
Mobile application A5 Ach
vs. 60
Textbook z ™ 25 07
45

Fig. 3. Path-analysis with standardised estimates. IM = Intrinsic motivation, PC = Perceived competence, Ach = Achievement. Stippled arrows indicate non-
significant paths. Total effects (R?) are shown in mediators and dependent variables.

application vs. textbook) — intrinsic motivation — achievement. The results show that the mobile application indirectly
predicts achievement, via intrinsic motivation (z = —1.93, p < 0.05).

To test our third hypothesis of how different motivational constructs explain participants' interest in identification of
species and the importance of knowing species, we conducted a hierarchical multiple regression analysis. The results show,
for interest in identification species, that models 2—5 are significant. All predictors except for autonomy support accounted
for a unique and significant proportion of students' interest in identification of species (Table 2). Specifically, intrinsic
motivation explains an additional 14.2 percent (sig. F change = 0.001), while autonomous motivation contributes an extra 5.7
percent of the explained variation (sig. F change = 0.002). For importance of knowing species only intrinsic motivation
(beta = 0.33, p < 0.05) and autonomous motivation (beta = 0.39, p < 0.001) are significant contributors in explaining in-
dependent variance in the dependent variable. Specifically, intrinsic motivation explains an additional 6.6 percent in the
model (sig. F change = 0.03), while autonomous motivation explains 12.4 percent (sig. F change = 0.002).

4. Discussion

The present study investigated the relative effect of a mobile application vs. a traditional identification tool on students’
achievement and motivation in species identification using a Self-Determination Theory approach. We find a significant
difference in intrinsic motivation and perceived competence between students using the mobile application compared to
students using the textbook, both with a substantial effect size. Students also scored significantly higher on the achievement
test when using the mobile application compared to the textbook, with a medium effect size. Thus the first hypothesis of the
study, that ArtsApp contributes to higher achievement scores, perceived competence, and intrinsic motivation compared to
the traditional identification tool is supported. Several interpretations can be made to account for these effects. First, the
results may be a result of ArtsApp's in-built functions, which allow students more choice and effectance-relevant feedback, as

Table 2
The results of the hierarchical regression analysis along with the five predictors of our two dependent variables. Condition = Mobile application vs. textbook,
IM = Intrinsic motivation, Aut. Sup = Autonomy support, Con. Mot = Controlled motivation, Aut. Mot = Autonomous motivation. n = 71, *p = 0.05, **p = 0.01,
o

p = 0.001.

Hierarchical regression analysis

Dependent variables: Predictor variables Interest in identification of species Predictor variables Importance of knowing species
F R? B F R? B

Step 1 0.006 0.000 Step 1 0.206 0.003
Condition —0.010 Condition 0.055
Step 2 5.646** 0.142* Step 2 2.501 0.069
Condition 0.319* Condition 0.278
IM 0.501*** IM 0.340*
Step 3 4.348"* 0.163** Step 3 1.915 0.079
Condition 0.254 Condition 0.231
IM 0.437* IM 0.294
Aut. Sup 0.153 Aut. Sup 0.109
Step 4 4,554* 0.216** Step 4 2.039 0.110
Condition 0.249 Condition 0.227
M 0.429** IM 0.288
Aut. Sup 0.057 Aut. Sup 0.036
Con. Mot 0.251* Con. Mot 0.191
Step 5 4.898*** 0.274*** Step 5 3.966™ 0.233™
Condition 0.307* Condition 0.312*
M 0.457* M 0.330*
Aut. Sup —0.058 Aut. Sup -0.133
Con. Mot 0.236* Con. Mot 0.170

Aut. Mot 0.266* Aut. Mot 0.391**
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the users can make mistakes while constantly monitoring progress. Such functions that exist in the application are assumed
to increase students’ motivation. According to SDT, support for autonomy (i.e. choice) and competence (i.e. feedback) leads to
a shift from an external to internal locus of causality, which in turn leads to intrinsic motivation (Deci & Moller, 2005; Deci &
Ryan, 1985). Several empirical studies have found support for this. For instance, Vallerand and Reid (1984) found in a study
among physical education students, that positive feedback predicted students' intrinsic motivation, mediated by perceived
competence. In a study by Zuckerman, Porac, Lathin, Smith, and Deci (1978), students who were given choices in a puzzle with
respect to activity and time had significantly higher intrinsic motivation compared to students without such choices. Second,
mobile applications may enhance learning for students because of the technological aspect. Specifically, ArtsApp may
facilitate student learning because it is more dynamic, game-like, and interest evoking, and thus supports a student's deep
psychological need for autonomy and competence (Rigby & Przybylski, 2009). Third, as a result of the construction of ArtsApp
that gives immediate feedback to students on how many sedges have been excluded from the identification process, and how
many are left before identifying the sedge, the students are able to exercise their capacities during the identification process
(Deci & Ryan, 1985). Thus, it provides the students with feedback, it is clear in its goals, and matches each student's skills and
challenge (difficulty) closely (Csikszentmihalyi, 1990; Csikszentmihalyi, Abuhamdeh, & Nakamura, 2005; Vallerand & Reid,
1984).

A further aim of the study was to test the hypothesis that intrinsic motivation and perceived competence have an indirect
effect between the study condition (mobile application vs. textbook) and achievement. Results from the path-analysis partly
support this, indicating that only intrinsic motivation could be uniquely related to achievement. Specifically, the path-analysis
shows that the use of ArtsApp predicts students' intrinsic motivation, which in turn predicts higher achievement. The analysis
shows that the use of ArtsApp also predicts perceived competence, however perceived competence does not predict
achievement. This is especially important because it explains not only the “what” association a mobile application has on
achievement, but also the “how” relation. Self-Determination Theory states that when students' perceived choice and
competence are facilitated, they will demonstrate higher levels of intrinsic motivation (Deci & Ryan, 1985). Intrinsically
motivated students in an autonomy-supportive environment exhibit, in turn, more creative thinking, higher conceptual
understanding, and more positive emotions (Benware & Deci, 1984; Koestner et al., 1984; Ryan et al., 1990), as well as a
preference for challenging tasks (Deci, Schwartz, Sheinman, & Ryan, 1981). These by-products of intrinsic motivation
contribute to higher achievement, but the behaviour is not performed for the external reason of achievement but for the
inherent satisfaction of the behaviour (Ryan & Deci, 2000a, 2006).

The last hypothesis we tested was that intrinsic motivation, autonomous motivation, and autonomy support would
independently account for interest in identifying species and the importance of knowing species. The results from the hi-
erarchical multiple regression analysis generally support this hypothesis and are consistent with SDT reasoning. SDT suggests
that when students transform an outer regulation to an inner regulation, and thus internalise the value of a behaviour, the
student becomes more self-regulating (i.e. autonomous) (Deci, Ryan, & Williams, 1996). Autonomously motivated students
understand the value and identify with the importance of the behaviour. Intrinsic motivation and autonomous motivation has
previously been found to predict lower dropout rates (Vallerand & Bissonnette, 1992), less procrastination with schoolwork
(Katz, Eilot, & Nevo, 2014; Senecal, Koestner, & Vallerand, 1995), future intentions to persist in college, and grade-point
average scores (Guiffrida, Lynch, Wall, & Abel, 2013). Both interest and importance of knowing species are important as-
pects of biology. Therefore, having students that value vital aspects of biological knowledge and are autonomously motivated
for these behaviours is expected to be beneficial at the individual-level (student learning) and the contextual-level (envi-
ronmentally conscious individual able to address climate challenges). Finding ways to facilitate autonomously motivated
students is hence recommended for a shift from rote-learning knowledge to higher-order cognition in species knowledge.
However, based on our results, we suspect that the condition (mobile application vs. textbook) might have a suppressor effect
due to its significant appearance in the last step when all predictors are included in the model (Lancaster, 1999; Smith, Jr., &
Williams, 1992). That is, the condition only predicts a unique and significant proportion of importance of knowing species
when controlling for intrinsic motivation, autonomy support, and autonomous and controlled motivation, indicating that the
condition (using mobile application or textbook) is not important for students' perceived importance of knowing species.

In light of our results, some practical recommendations are suggested to facilitate students' learning species-identification
skills. Teachers (and development of technological solutions) are thus encouraged to provide students with choices and
options, optimal challenging tasks, and effectance-relevant feedback (Deci et al., 1994). Importantly, m-learning provides an
informal aspect to learning, thus furthering students' learning outside of a classroom context (Sandberg, Maris, & Geus, 2011),
and could also enhance learning and intrinsic motivation, as our results indicate. Some scholars argue against technological
implementations in higher education, highlighting paradoxes and consequences of having technology in education (Guri-
Rosenblit, 2005). Critiques suggest that m-learning may pose some challenges, for example, there might be technological
difficulties, frustration with the device, time consumption, and antipathetic teachers (Gikas & Grant, 2013). Specifically,
challenges such as small keypads, network issues, and using smartphones for other purposes than educational, are important
concerns that could interfere with learning. However, using a smartphone in the field has several advantages for the student.
Studies by Gikas and Grant (2013) and Mouza and Barrett-Greenly (2015) find that students reported that m-learning has the
advantages of being able to access information rapidly, make communication with both peers and teachers easier, provides a
different way of learning, and that learning is more situated, as smartphones allow greater possibilities to interact more
dynamically with the real-world and with the teacher. Awareness concerning the use of technology and its limitations is
important when integrating technology in an educational setting. Assurance of basic academic skills is a prerequisite of
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technological skills (OECD, 2015), a notion that is also supported meta-analytically (Archer et al., 2014). Although not tested
explicitly in the present study, the correlational results show that teachers' provision of autonomy support is positively
associated with students' interest in identification of species, but is not a unique contributor of interest in identification of
species or importance of knowing species. Our results suggest that self-motivation (i.e. autonomous and intrinsic motivation)
is more important, independent of identification tool/teaching method, with respect to interest in identification and
importance of knowing species.

Several limitations of the study are worth mentioning while interpreting the results. One limitation is the students’ short
amount of time to learn species identification. Students were introduced to sedges, ArtsApp, and Lids Flora on the first day and
the experiment was conducted on the second day, which may explain the low mean scores on the achievement test. However,
the results do show a difference between the mobile application and the textbook as expected. Thus, the experimental
manipulation was successful. Moreover, the present study has a homogeneous sample (i.e. undergraduate students). Future
studies should assess more advanced and heterogeneous students, including both undergraduate and graduate students.
Motivational problems, in terms of species identification might be more prominent at the undergraduate level since the
students may not have internalised the value of the behaviour (Williams & Deci, 1996). Thus the preliminary study on un-
dergraduates is adequate for the purpose of this study. A last limitation identified is the lack of adequately assessing the
novelty effect a mobile application tool might have on students' intrinsic motivation and interest in identification of species.
New technologies might have a novelty effect on students, which in turn increases the students' intrinsic motivation (Lepper,
1985). On the one hand, according to Hartnett (2016), students using e-learning tools are more intrinsically motivated
compared to students using traditional methods. On the other hand, Keller and Suzuki (2004) argue that the novelty effects
wanes as students become accustomed to the technology. In our study we tested for differences between students with
previous experience in identifying species, experience with sedges, and preference for identification tool (i.e. mobile
application or textbook): we find no significant difference for intrinsic motivation, perceived competence or achievement.
Although the experimental intervention (using the mobile application or textbook) was only done shortly after learning the
different identification tools, these non-significant results provide initial support for a lack of novelty effect, suggesting
instead the main effect of the mobile application has on intrinsic motivation, competence and achievement.

This paper presents the results of a new mobile application tool for biologists. We generally find support for our hy-
potheses and the basic tenets of Self-Determination Theory in the m-learning realm. Importantly, the present study adds to
the m-learning literature in several important ways. First, the mobile application tool increased students’ motivation and
learning. Compared to the textbook, the mobile application tool facilitated students' perception of the importance of learning
about identification and sedges. Furthermore, the present study has found important indirect results in line with SDT. Future
studies should expand upon the design and include autonomy supportive and controlling conditions to further assess the
validity of SDT in relation to m-learning. Lastly, few studies have investigated the effect of m-learning in a SDT-approach; this
study narrows this gap. Future studies are needed to further understand how SDT-concepts relate to e-learning in higher
education, and why students are more intrinsically motivated when employing mobile applications.
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ABSTRACT

We investigate the effects of team-based learning (TBL) on motivation and learning in a
quasi-experimental study. The study employs a self-determination theory perspective
to investigate the motivational effects of implementing TBL in a physiotherapy course in
higher education. We adopted a one-group pretest—posttest design. The results show that
the students’ intrinsic motivation, identified regulation, perceived competence, and per-
ceived autonomy support significantly increased going from lectures to TBL. The results
further show that students’ engagement and perceived learning significantly increased.
Finally, students’ amotivation decreased from pretest to posttest; however, students re-
ported higher external regulation as a function of TBL. Path analysis shows that increases
in intrinsic motivation, perceived competence, and external regulation positively predict
increases in engagement, which in turn predict increases in perceived learning. We argue
that the characteristics of TBL, as opposed to lectures, are likely to engage students and
facilitate feelings of competence. TBL is an active-learning approach, as opposed to more
passive learning in lectures, which might explain the increase in students’ perception of
teachers as autonomy supportive. In contrast, the greater demands TBL puts on students
might account for the increase in external regulation. Limitations and practical implica-
tions of the results are discussed.
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compare their predictions with actual results, improve students’ conceptual under-  (-ucas.Jeno@uib.no).
standing. Finally, Cavanagh and colleagues (2016) implemented active learning ~© 2017L M Jenoetal CBELife Sciences
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students’ self-regulated motivation, engagement, and achievement. There is, in other  society for Cell Biology under license from the
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active-learning methods. Second, we investigate whether the
implementation of a specific active-learning method, namely
team-based learning (TBL; Michaelsen et al., 1982; Michaelsen,
1992), contributes to an increase in students’ engagement and
learning. In line with previous studies, active-learning methods
are associated with increases in engagement and retention. To
our knowledge, no studies have investigated TBL in a theoreti-
cal framework to understand its motivational mechanisms
(Tucker and Brewster, 2015). The majority of the research on
TBL has been atheoretical. The research has, in other words,
lacked a meta-theoretical assumption when proposing hypothe-
ses and interpreting the results. Thus, it is important to investi-
gate what the motivational consequences of implementing TBL
are in order to make changes in courses in higher education and
motivate and engage students to participate in class.

TBL
TBL is characterized as a four-step process that facilitates stu-
dent learning and participation before and during class. The
four TBL stages are 1) student preparation, 2) readiness assur-
ance, 3) application, and 4) peer assessment (Michaelsen and
Sweet, 2008; McMahon, 2010). The first stage of TBL requires
students, who have been allocated to specific teams, to prepare
by reading specific parts of the literature or by watching a short
lecture on the Internet. The readiness assurance process starts
as all members of class meet to undertake a multiple-choice
test—the individual readiness assurance test (iRAT). Second,
the multiple-choice test is performed in teams (tRAT) applying
the immediate-feedback assessment technique (IFAT). The
teams must agree on their answers and are given immediate
feedback. This stage is followed by a procedure in which
the teams are set to work on specific cases, their task being to
apply the knowledge and information they have obtained
during the whole process. All teams are asked to work on the
same significant cases, and they are asked to provide specific
answers simultaneously.

Previous research has found support for TBL in different edu-
cational domains. For instance, Shankar and Roopa (2009)

found that students who participate in TBL sessions are better
at fulfilling learning objectives and that the TBL sessions enable
better understanding and are more interesting compared with
traditional teaching sessions. Vasan et al. (2011) found that
medical students who took part in TBL-based preclinical anat-
omy courses achieved higher examination scores than students
who took part in lecture-based courses. Further, Carmichael
(2009) found that TBL students in a large-enrollment biology
class performed better on tests and exams throughout the
semester compared with students who took part in traditional
lectures. Similar results have been found for students in under-
graduate clinical neurology education (Tan et al., 2011), archi-
tectural students (Epsey, 2008), and medical students (Koles
et al., 2010). In a systematic review of 17 studies, Sisk (2011)
found that TBL students overall are more satisfied and more
engaged and perform better in exams than students who par-
ticipate in traditional lecture-based courses.

In sum, the above-mentioned research suggests positive out-
comes for student motivation, engagement, and learning when
employing active-learning methods such as TBL. To further
investigate this, we employ SDT, which is particularly useful for
understanding how student outcomes in education occur due
to its conceptualization of sociocontextual factors that promote
student motivation and wellness (Figure 1). Furthermore, SDT
has explicit assumptions of which type of motivation is hypoth-
esized to promote learning and beneficial outcomes, providing
an interesting framework to further understand the benefits of
TBL.

SDT

SDT is a macro-theory of human motivation and personality.
SDT views students as active organisms acting on the environ-
ment, as opposed to being passive recipients (Deci and Ryan,
1985). According to SDT, students have three universal psycho-
logical needs: the needs for autonomy, competence, and relat-
edness (Deci and Ryan, 1985; Ryan and Deci, 2000). Autonomy
refers to being the causal agent and perceiving volition in one’s
behaviors. Competence is defined as feeling efficacious in the
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FIGURE 1. Basic model of SDT adapted from Deci et al. (2017). The model depicts antecedents of students’ basic psychological needs and
motivation. The motivations are ranged from least autonomous (amotivation) to fully autonomous (intrinsic motivation).

16:ar59, 2

CBE—Life Sciences Education « 16:ar59, Winter 2017

Downloaded from http://www lifescied.org/ by guest on November 16,2017



interaction with one’s environment. Relatedness refers to feel-
ing connected to, cared for, and belonging to a significant other
or one’s community. Further, according to SDT, there are two
broad classes of motivation, intrinsic and extrinsic motivation.
Intrinsic motivation are behaviors done out of interest and
enjoyment, whereas extrinsic motivation are behaviors done
because they lead to some separable outcome (Ryan and Deci,
2000).

Motivations

As opposed to other motivational theories, SDT differentiates
between different types of extrinsic motivations, depending on
their relative autonomy (Ryan and Deci, 2000, 2002). Amotiva-
tion is characterized by a state of lacking intentions to act. Stu-
dents who are amotivated believe that they are unable to
achieve an outcome, lack perceived competence, or do not
value the activity. External regulation is the least autonomous
type of motivation. Students who are externally regulated per-
form an activity to obtain a reward or avoid punishment. Iden-
tified regulation is the most autonomous type of motivation and
is associated with valuing an activity. The students perform the
activity volitionally, because it is personally important or rele-
vant for them. Within SDT, it is postulated that satisfaction of
the basic psychological needs for autonomy, competence, and
relatedness promote autonomous types of motivation (i.e.,
identified regulation and intrinsic motivation), whereas thwart-
ing these needs yields controlled types of motivation (i.e., amo-
tivation and external regulation; Ryan and Deci, 2017). Studies
have shown that autonomous types of motivation are associ-
ated with higher creativity (Liu et al., 2013), more homework
(Otis et al., 2005), and higher persistence in school (Hardre and
Reeve, 2003). Conversely, controlled types of motivation have
been shown to be associated with less perceived learning (Jeno
and Diseth, 2014; Taylor et al., 2014), more negative coping
strategies and anxiety (Ryan and Connell, 1989), and more sur-
face-learning strategies (Yamauchi and Tanaka, 1998).

Social Context

SDT argues for the importance of a supportive interpersonal
context. That is, students’ social context within a learning situ-
ation could either support or impede students’ psychological
needs. For instance, teachers who take the students’ perspective
and try to understand the students’ internal frame of reference,
provide choices and opportunities, and nurture the students’
inner motivational resources are assumed to support students’
needs for autonomy, competence, and relatedness, which in
turn promotes autonomous motivations (Reeve, 2009). In
contrast, controlling teachers take their own perspective and
pressure students to think, feel, and behave in a specific way.
Controlling teachers are more likely to thwart the students’
basic psychological needs and thus promote controlled motiva-
tions. Previous research shows that when teachers are auton-
omy supportive, the students have higher self-esteem (Deci
et al., 1981), higher engagement (Jang et al., 2010), and per-
ceive themselves as more competent (Diseth et al., 2012).

A relatively unexplored research area within SDT has been on
how different active-learning methods relate to students’ auton-
omous motivation, perceived autonomy support, and needs sat-
isfaction. However, Jeno (2015) argues that SDT could be
employed to understand, test, and implement active-learning
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methods. Accordingly, Chang et al. (2017) argues that pas-
sive-learning environments are more susceptible to controlling
teaching practices due to lack of responsibility on the part of
students, lower interpersonal relations, and fewer possibilities
for offering optimal challenges. Furthermore, Kusurkar et al
(2011) suggests that active-learning can enhance students’
autonomous motivation because it provides opportunities for
feedback (competence support), collaboration (relatedness sup-
port), and greater responsibility (autonomy support).

THE PRESENT STUDY

Research on TBL using a well-established motivational theory is
still in its infancy, thus providing a novel and important research
area. To address the lack of theoretical basis in TBL studies, we
investigate the effects of TBL in an SDT perspective. Further-
more, Vallerand (1997) argues for the importance of investigat-
ing motivation not only at the global (individual) level and
contextual level, but also at the situational (state) level. That is,
the level of generality in the measurement of motivation can be
differentiated on three levels (Vallerand and Ratelle, 2002). For
instance, students’ motivation could be considered to be an
individual difference that applies across contexts (global level).
Further, students’ motivation could vary between contexts as
well; for example, students can be more intrinsically motivated
for sports and exhibit greater identified regulation for biology
education (contextual level). Importantly, within a specific con-
text, students’ motivation can vary from situation to situation.
That is, students could find a learning situation or subject within
a course to be more autonomously motivating than others (sit-
uational context). Thus, we investigate the situational reasons
students have for attending lectures or tutorials. This is espe-
cially important when differentiating between teaching methods
within the same course, as we are doing in the present research.

In the present research, we adopt a quasi-experimental
design (Shadish et al., 2002) to investigate why students attend
classes and to test whether active learning (i.e., TBL) promotes
engagement and learning compared with passive learning (i.e.,
traditional lectures). See Figure 2 for the general flow of the
present study. Quasi-experimental studies are especially useful
when randomization is not feasible due to natural criteria, such
as administrative selection of which class the students attend
or students’ self-selection (Shadish et al., 2002; Crano et al.,
2015). We employed a one-group pretest—posttest design. This
was chosen due to difficulties of finding equivalent control
groups in quasi-experimental designs.

Owing to the explorative nature of the present investigation,
and the lack of previous studies assessing TBL in a motivational
perspective, we center our assumptions around the theoretical
propositions of SDT. Specifically, we assume that the students
will be more active in the TBL condition (intervention), as
opposed to the lecture condition (baseline), and thus will expe-
rience more interest and engagement in tasks. This is due to the
learner-centered framework of TBL, in which the student is
engaged in meaningful learning tasks (Lambert and McCombs,
1998; Parmelee et al., 2012). Thus, we assume that students
will experience more autonomous motivations (i.e., intrinsic
motivation and identified regulation). Some studies within the
SDT framework support our line of reasoning. For example,
Benware and Deci (1984) performed a study among university
students and found that students in the active condition,
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Week 1-4: Week 5-8:

Week 9-12: TBL
Lectures
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—
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FIGURE 2. Flow and duration of the learning activities during the
quasi-experiment. The pretest period (weeks 1-4) consisted of
traditional lectures. A period followed during which the students
had regular teaching activities (weeks 5-8). The posttest period
(weeks 9-12) was the experimental intervention and consisted of
TBL. The pre- and posttest measurements were done at the end
of the lecture/TBL session, on the last day of the respective
experimental week.

relative to students in the passive condition, were more intrinsi-
cally motivated and performed better at a heuristic task. Fur-
thermore, Ryan et al. (1990) found that students with learning
that is active and with a positive emotional set scored better on
an unexpected test, compared with students with learning that
is passive and with a negative emotional set. Conversely,
because TBL requires more of the students (i.e., it provides stu-
dents with structure) and affords students fewer choices, and
therefore reduced autonomy around their learning, we suggest
that a possible outcome of the intervention is an increase in
external regulation for the students in the transition from the
lecture condition to the TBL condition. A study by Jang et al.
(2010) suggests the necessity of autonomy along with structure
for an intervention to be autonomy supportive.

Furthermore, TBL classrooms are facilitated by both the
teacher, who provides rationales for the learning assignments
and offers structure and challenging tasks through the iRAT and
tRAT, and the collaboration with peers. We thus expect TBL to
afford students with competence support, autonomy support,
and relatedness support. Specifically, with teacher-facilitated
learning, as opposed to direct learning, students can internalize
the value of the learning behavior and perform the activity voli-
tionally and out of choice (Deci et al., 1996). TBL teachers pro-
vide students with clear and meaningful learning goals, optimal
challenges that are solved both individually and in teams, thus
affording both competence and relatedness satisfaction, which
in turn facilitate autonomous types of motivation, perceived
competence, and engagement (Skinner and Belmont, 1993;
Jang et al., 2010; Chang et al., 2017). A previous study has
found that individual situational interest is accounted for by
teachers’ autonomy and competence support (Tsai et al., 2008).
In a study with biology students, Jeno et al., (2017) found that
active-learning methods enhanced intrinsic motivation and per-
ceived competence, which in turn, predicted student learning.
Finally, as TBL expects students to come to class prepared and
work on both rote (iRAT/tRAT) and conceptual (application of
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significant case) learning, we assume that students will have
higher learning gains as a function of the TBL intervention.

METHODS

Pilot Study

Pilot-Study Methods. Owing to the lack of previous studies
employing TBL in a SDT perspective and the explorative nature
of the present study, we conducted a pilot study. The participants
in the study comprised a convenience sample consisting of biol-
ogy students from a large university in Norway. Participants
were enrolled in a biology course on evolution and ecology. The
students in this study were second- and third-year bachelor’s stu-
dents and first-year master’s students. The sample included 24
students; 11 were male (45.8%), and 13 were female (54.2%).
The participants used a seven-point scale to respond on a range
of items measuring intrinsic motivation, identified regulation,
external regulation, amotivation, competence, needs satisfac-
tion, autonomy support, engagement, and perceived learning.
The participants were recruited at the end of a teaching session.
The study was designed as a one-group pretest—posttest design
(Shadish et al., 2002). We collected the data 1 month after the
semester had started in mid-January 2016. After a 2-week
period of traditional lectures, at the end of the last lecture ses-
sion, we provided the students with the pretest questionnaire. A
4-week period followed, during which the students attended
regular teaching activities, after which a 2-week period with TBL
teaching commenced. At the end of these 2 weeks, we asked the
students to complete the same questionnaire.

Pilot-Study Results. The number of missing values was large,
ranging from 8.3% to 41.7% on some of the items. There were
19 students at the pretest measurement and 15 students at the
second, posttest measurement. Little’s missing completely at
random test revealed that the values missing from the data set
were missing at random, %2(434) = 20.85, p = 1.00. In other
words, missing by design. Thus, we augmented the data by
means of expectation-maximization imputation techniques, to
increase the power of the data. We found five significant effects
from pretest to posttest: intrinsic motivation, t(23) =-2.42,p =
0.02; amotivation, t(21) = -2.59, p = 0.01; perceived compe-
tence, t(23) = -3.12, p = 0.005; autonomy support, t(23) =
—2.40, p = 0.02; and engagement, t(23) = -1.82, p = 0.08.
Results from the pilot study indicated three main concerns;
first, that missing by design could largely influence final sample
size; second, that between-topic differences in intrinsic motiva-
tion and engagement could affect the mean differences between
pretest and posttest; and third, that 2 weeks of TBL may be too
short for the students to understand the benefits of TBL and get
accustomed to the teams. Thus, as suggested by van Teijingen
et al. (2001) and van Teijingen and Hundley (2001), modifica-
tions on the main study were done based on the results from the
pilot study. Specifically, we conducted the main study in a
course in which attendance was mandatory, thus removing
missing by design; the topic was similar across the experimen-
tation period, thus removing any between-interest effect; and
the experimentation time could be extended.

Participants

The participants were a convenience sample consisting of sec-
ond-year physiotherapy students at a large university college in
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Norway. The participants (n = 64) consisted of 23 males and 41
females. Participant ages were sorted into 4-year intervals:
below 20 (6.3%), 21-24 (82.8%), 25-29 (9.4%), and 30-34
(1.6%).

Procedure

Students were recruited from a mandatory course in physiolog-
ical neurology. The pretest questionnaire was distributed to the
students in late August 2016, after 4 weeks of traditional lectur-
ing. This was done so that students would have received rele-
vant information about the semester workload and would have
become accustomed to the course syllabus and the teaching
environment. The students filled out the questionnaire on the
last day of traditional lecture. The students were told that we
were interested in their general attitudes toward the previous
4 weeks of lectures. Furthermore, the students were told that
we would collect data at several time points. This was done so
the students would believe that we were interested in the
development of their attitudes toward teaching activities and
not the difference between two teaching activities. A 4-week
period followed, during which the students attended regular
teaching activities, after which a 4-week period with TBL
followed (Figure 2). On the last day of the TBL session, the
students responded to the posttest questionnaire. We asked the
students to complete the same questionnaire, but this time with
specific reference to tutorials for the previous 4 weeks. During
both the traditional-lecture period and the TBL period, the
students learned about physiology (e.g., neurophysiology, exer-
cise physiology, pain, and how physiology influences rehabilita-
tion). This was done to control for between-topic differences in
students’ engagement and intrinsic motivation.

The present study received ethical approval from the Norwe-
gian Centre for Research Data to conduct the study. The partic-
ipants were informed that participation was voluntary and that
they could withdraw from the study at any time. Furthermore,
the students were informed that any personal identifiable data
would be treated confidentially and deleted after the comple-
tion of the study.

Measures

All scales were translated from English to Norwegian by L.M.J.
and A.R. The scales were then back-translated from Norwegian
to English by an English-speaking editor. In instances of discrep-
ancy between the translations, a discussion was invoked to
achieve correct, grammatical wording and capture the psycho-
logical meaning of the item. This procedure has previously been
used in other Norwegian (Hole et al., 2016) and international
studies (Deci et al., 2001) and is recommended when working
with scales in other languages (Harkness and Schoua-Glusberg,
1998).

Motivation. To measure the students’ situational motivation
during a learning session, we employed the Situational Motiva-
tion Scale (SIMS; Guay et al., 2000). The SIMS measures the
students’ state of motivation during a learning task or situation.
The SIMS consists of a general stem asking “Why are you cur-
rently engaged in this activity?,” and four subscales measuring
intrinsic motivation (“Because I think that this activity is inter-
esting”), identified regulation (“Because I am doing it for my
own good”), external regulation (“Because I am supposed to do
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it”), and amotivation (“There may be good reasons to do this
activity, but personally I don’t see any”). The students were
asked to respond on a seven-point Likert scale ranging from 1
(strongly disagree) to 7 (strongly agree). A previous study in the
science education domain has documented the validity of the
scale (Ntoumanis, 2003).

The scale has been validated and found reliable across three
studies, with alphas ranging from 0.75 to 0.93 (Guay et al.,
2000). In the present study, the following Cronbach’s alphas
were obtained for the scales for intrinsic motivation (pretest:
o= 0.78; posttest: o = 0.81), identified regulation (pretest: o.=
0.88; posttest: o.=0.79), external regulation (pretest: o.= 0.58;
posttest: o= 0.69), and amotivation (pretest: o.= 0.80; posttest:
0=0.78),

Perceived Competence. To measure the students’ perceived
competence, we employed the four-item Perceived Competence
scale (PC; Williams and Deci, 1996). PC measures feelings of
competence with respect to an activity (“I am competent
enough to achieve the goals I have for the course”). The partic-
ipants were asked to respond on a seven-point scale ranging
from 1 (not at all true) to 7 (very true). Jeno and Diseth (2014)
and Williams and Deci (1996) have previously reported satis-
factory reliability scores of o = 0.86 and o = 0.80, respectively.
The scale has been used in similar context with biology students
(Jeno et al., 2017). Reliability analysis showed high alpha levels
for perceived competence (pretest: o.=0.93; posttest: o.=0.93).

Autonomy Support. To measure the students’ perception of
the teacher’s autonomy support, we employed the short six-
item Learning Climate Questionnaire (LCQ). The LCQ is
answered on a seven-point Likert scale ranging from 1 (strongly
disagree) to 7 (strongly agree). An item example is “I feel
understood by my teacher.” The scale has proven to be highly
reliable in previous studies. For instance, Black and Deci (2000)
reported an alpha level of 0.93, while Williams and Deci (1996)
reported an alpha level of 0.96. The scale has been proven valid
among biology students in Norway (Jeno et al., 2017). For the
present study, autonomy support produced the following alpha
levels: pretest, o= 0.75; posttest: o. = 0.90.

Needs Satisfaction in General. The 21-item Basic Psychologi-
cal Needs Scale (BPNS; Deci and Ryan, 2000; Gagné, 2003)
was used to measure the students’ needs satisfaction at the uni-
versity. The BPNS has three subscales: seven items measuring
autonomy (‘At university I feel free to make my own deci-
sions”); six items measuring competence (“Often I do not feel
very competent” [reversed item]); and eight items measuring
relatedness (“I really like the people I associate with at univer-
sity”). Two items were omitted due to low reliability scores,
measuring autonomy (“At university, I have little opportunity to
decide how to do things” [reversed item]), and competence
(“When I am at university [ do not get the chance to show how
competent I am” [reversed item]). The three subscales were
combined to measure a general needs satisfaction scale. The
students were asked to respond on a seven-point scale ranging
from 1 (not at all true) to 7 (very true). Previous studies have
found adequate Cronbach’s alphas ranging from 0.66 to 0.86
for this scale (Ntoumanis, 2005; Jeno and Diseth, 2014). Previ-
ous validation has been done with a student sample learning
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biopsychological values (Williams and Deci, 1996). Reliability
analysis produced good alpha levels for needs satisfaction
(pretest: o. = 0.83; posttest: oo = 0.78).

Engagement. The multidimensional 22-item scale measuring
four aspects of engagement was employed to measure the stu-
dents’ in-class engagement (Reeve and Tseng, 2011). The
engagement scale comprises four subscales: agentic engage-
ment (“I ask questions during lectures”), behavioral engage-
ment (“I listen carefully in class”), emotional engagement
(“Lectures are fun”), and cognitive engagement (“When I study,
I try to relate what I am learning with what I already know”).
The students were asked to respond on a seven-point Likert
scale ranging from 1 (strongly disagree) to 7 (strongly agree).
The subscales can be used separately or combined into a gen-
eral engagement scale (Reeve and Tseng, 2011; Jang et al.,
2016b). Previous studies by Jang et al. (2016b) and Reeve and
Tseng (2011) have reported satisfactory Cronbach’s alphas
ranging from o= 0.87 to o. = 0.97. The engagement scale has
previously been shown to predict achievement among science,
technology, engineering, and mathematics (STEM) students
(Reeve, 2013). In the present study, the subscales were com-
bined and produced good Cronbach’s alphas (pretest: o. = 0.88;
posttest: o = 0.92).

Perceived Learning. To measure the students’ learning in
class, we employed a four-item scale measuring perceived
learning gains. The students were asked to respond on a sev-
en-point Likert scale ranging from 1 (not at all true) to 7 (very
true). An item example is “These last four weeks I have learned
a lot.” A previous study found validity support for a measure of
perceived learning among a Norwegian sample, correlating
positively with autonomous types of motivation, and unrelated
with controlled types of motivation (Jeno and Diseth, 2014).
The following Cronbach’s alphas were obtained for perceived
learning: pretest, o. = 0.82; posttest, o. = 0.88.

Analytical Strategy

All analyses were conducted using IBM SPSS version 23 and
IBM AMOS version 23. To analyze the differences between the
students’ scores on pretest (lecture) and posttest (TBL), we
conducted paired-sample t tests. Cohen’s d was calculated to
measure effect sizes for mean differences, which are consid-
ered small, medium, and large, at 0.2, 0.5, and 0.8 (Cohen,
1988), respectively. To test how well the theoretical model of
SDT accounts for the changes in students’ engagement and
perceived learning, we conducted a path-analytical model.
Specifically, to analyze change scores from pretest to posttest,
we calculated the standardized residuals used in the model by
regressing the posttest scores on the pretest score for all vari-
ables (Zimmerman and Williams, 1982; Allison, 1990). We
employed conventional cutoff criteria for goodness of fit to
assess model fit, as suggested by Hu and Bentler (1999).
Accordingly, comparative fit index (CFI) values above 0.90,
root mean square estimate of approximation (RMSEA) below
0.08, and a x*/df ratio below 2 are considered a good model
fit. Path analysis was chosen due to the theory-driven and
multivariate nature (Byrne, 2016) of the present study. That
is, path analysis allowed us to test both how well the SDT
constructs predict student engagement and perceived learning,
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TABLE 1. Descriptive statistics of the study variables for pretest and
posttest along with means, SDs, skewness, and kurtosis

M SD  Skewness Kurtosis
Intrinsic motivation: pretest 440 1.04 -0.11 -0.33
Intrinsic motivation: post 5.25 1.06 —-0.08 —-0.80
Identified regulation: pretest 5.24 1.30 -1.15 1.35
Identified regulation: posttest 5.87 0.96 -0.84 0.23
External regulation: pretest 496 1.19 —0.52 0.70
External regulation: posttest 549 1.09 -0.43 —-0.70
Amotivation: pretest 2,72 1.21 1.42 243
Amotivation: posttest 2.01 097 1.10 1.09
Perceived competence: pretest ~ 5.47 1.22 -0.92 0.26
Perceived competence: posttest 5.85 1.08 -0.81 -0.13
Engagement: pretest 436 0.74 —0.04 0.01
Engagement: posttest 5.04 0.89 0.44 —-0.80
Autonomy support: pretest 422 0.87 -0.21 0.28
Autonomy support: posttest 6.09 1.04 -1.30 1.50
Needs satisfaction: pretest 5.03 0.57 —-0.85 2.31
Needs satisfaction: posttest 5.55 0.50 0.04 0.05
Perceived learning: pretest 3.10 1.44 0.35 —-0.61
Perceived learning: posttest 6.24 1.09 -1.89 2.93

directly and indirectly, and the interrelationship between the
predictors. In our model, we specified that all motivational
variables would predict engagement, which in turn would pre-
dict perceived learning, as suggested by the engagement
model within SDT (Reeve, 2012).

RESULTS

Descriptive analyses of the study variables are presented in
Table 1. All variables show signs of normal distribution at both
the pretest and posttest measurements.

Main Effects

To test for changes in scores between the pretest and posttest,
we conducted a range of repeated-sample t tests for the study
variables. The results are presented in Figure 3. The results
show that, on average, the students’ intrinsic motivation, iden-
tified regulation, external regulation, perceived competence,
engagement, autonomy support, needs satisfaction, and per-
ceived learning, significantly increased from pretest to posttest.
Further, students’ amotivation significantly decreased from
pretest to posttest. The effect sizes for the mean differences in
change scores are all large in magnitude.

Indirect Effects

To test how well the SDT constructs fit together and to test for
indirect effects, we conducted a path analysis. Model fit was
excellent (}*(7) = 4.198, p = 0.757, CFI = 1.0, x*/df ratio =
0.60, RMSEA = 0.000 [confidence interval, CI: 0.00 —
0.108]; see Figure 4). Specifically, increases in perceived
competence predict increases in engagement. Increases in
intrinsic motivation positively predict increases in engage-
ment. Further, increases in external regulation positively pre-
dict increases in engagement. Finally, increases in engage-
ment predict increases in perceived learning. The model as a
whole accounts for 70% of the variance in engagement and
17% of the variance in perceived learning. Given our four
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FIGURE 3. Changes in scores between the pretest and posttest. Pretest (lecture) reflects the baseline; posttest (TBL) reflects the
intervention. Significance: **, p < 0.01; ***, p < 0.001. Effect sizes (Cohen’s d) for differences between pretest and posttest: intrinsic
motivation, d = -0.66; identified regulation, d = —0.53; external regulation, d = —0.42; amotivation, d = 0.64; perceived competence,
d=-0.35; engagement, d = —0.78; autonomy support, d = —1.56; needs satisfaction, d = -1.09; and perceived learning, d = -1.97.
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FIGURE 4. The model shows all the study variables predicting students’ perceived learning indirectly through engagement. All variables
are significant at p < 0.05, except amotivation < identified regulation, amotivation <> perceived competence, external regulation <>
intrinsic motivation, needs satisfaction < intrinsic motivation, which are significant at p < 0.10. For clarity, only significant paths are
shown.
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significant paths, we conducted several Sobel tests (Sobel,
1982) to test for indirect effects. Specifically, we calculated
the significant regression coefficients and SEs between pre-
dictor and mediator and between mediator and dependent
variable (Baron and Kenny, 1986). Results showed that per-
ceived competence predicted engagement, which in turn pre-
dicted perceived learning (8 = 0.209, z = 2.73, p < 0.01).
Further, external regulation significantly predicted engage-
ment, which in turn predicted perceived learning ( = 0.14,
2z = 2.48, p < 0.05). Finally, intrinsic motivation predicted
perceived learning, through the effect of engagement ( =
0.16, 2 =2.36, p < 0.05).

DISCUSSION

The goal of the present research was to address the psychologi-
cal processes attached to two teaching methods: traditional lec-
tures and TBL. Through the lenses of SDT, we investigated
whether the implementation of TBL, compared with lectures,
influenced the students’ different types of motivation, perceived
competence, perception of the teacher as autonomy supportive,
needs satisfaction, engagement, and perceived learning. In
general, our assumptions were supported, although some inter-
esting patterns emerged.

TBL, Autonomy, and Autonomous and Controlled
Motivations

Results largely support our reasoning on the interest-enhanc-
ing effects of TBL. Specifically, we expected that students’
intrinsic motivation and identified regulation would increase
from pretest to posttest. There might be aspects within the TBL
session that promote intrinsically motivated behaviors (Deci
and Ryan, 2000). For instance, novelty has previously been
associated with intrinsic motivation (Lepper, 1985; Hartnett,
2016). Scratching the immediate feedback cards during the
team readiness assurance test to find out whether one’s team
has the correct answer adds novelty and curiosity to learning,
and may, consequently, increase intrinsic motivation. A previ-
ous study has found similar results. A study by Gomez et al.
(2010) assessed the impact of computer-supported TBL in a
classroom. Using structural equation modeling, they found
that the students’ perception of teamwork uniquely predicted
students’ motivation and enjoyment, which in turn predicted
students’ perceived learning. Further, the increase in students’
identified regulation are in line with theoretical assumptions
of SDT. When a teaching method provides support for stu-
dents’ basic psychological needs for autonomy and compe-
tence, autonomous motivation is facilitated. Furthermore, in
an autonomy-supportive context that provides students with
meaningful rationales, affords engaging learning tasks, and
communicate respect and warmth in a noncontrolling lan-
guage (Reeve, 2006), students internalize the importance of
the activity and thus promotes identified regulation.

It was hypothesized based on previous research and the
controlling requirements of TBL that students’ external regu-
lation would increase form pretest to posttest. Results from
the repeated t test supported our assumptions. Students
reported higher mean levels of external regulation in the
TBL-condition compared with the lecture-condition. This may
be due to few choices in the learning process (i.e., learning
activity, choosing teams, few choices in working with signifi-
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cant cases), whereby thwarting the basic need for autonomy
(Ryan and Deci, 2002). Finally, results show that the students’
amotivation decreased from pretest to posttest. This in line
with assumptions of active learning. Active learning encom-
passes activity and engagement while conducting meaningful
learning activities (Prince, 2004). Thus, lectures, due to its
more passive nature are more likely to enhance feelings of
amotivation, than TBL which require active students in the
learning process. This is in accordance with SDT which sug-
gests that feelings of amotivation emanate from a lack of per-
ceived control, lack of intentionality and lack of value
(Abramson et al., 1978; Deci and Ryan, 1985).

TBL and Perceived Competence

According to SDT (Deci and Ryan, 1985), positive feedback and
optimal challenges tend to facilitate a student’s perception of
competence. Thus, a learning environment that provides struc-
ture is highly associated with a student’s increase in perceived
competence (Guay et al., 2008). Results from the present
research support this line of reasoning. Specifically, perceived
competence increased from pretest to posttest as a function of
TBL. The result of the students’ increase in competence after the
introduction of TBL could be explained by small discussion
groups, significant cases, immediate feedback from the readiness
assurance tests, and the teachers’ increased provision of structure
and competence support in TBL (Michaelsen and Sweet, 2008).

TBL, Autonomy Support, and Relatedness

According to SDT, when students are in learning environ-
ments that provide choice, optimal challenges, and a sense of
caring, the students’ learning is characterized by autonomous
motivation. That is, if the sociocontextual climate is nurturing
and provides students with effectance relevant feedback in an
autonomy-supportive context, the students’ intrinsic motiva-
tion and autonomous motivation will increase (Niemiec and
Ryan, 2009). Thus, to the extent that the teacher is sensitive
to supporting the students’ basic psychological needs for
autonomy, competence, and relatedness, irrespective of the
teaching environment, the students thrive.

Our results indicate that the students perceived the teacher
to be more autonomy supportive during the TBL phase. This
is important, because in traditional lecture-based courses,
students are less active and are more prone to accept the role
of passive recipient of information. Research has shown that
students’ attention tends to wander 15-20 minutes into a lec-
ture (Wilson and Korn, 2007; Risko et al., 2012). Because of
this, and because there is little demand for personal involve-
ment, the learning output for traditional lectures may be
rather poor (Freeman et al., 2014; Wieman, 2014). In con-
trast, TBL is a more active-learning approach, and the teacher
takes on the role of facilitator, as opposed to being the pro-
vider of information or taken-for-granted facts. Teachers in
TBL courses have to provide students with guidance, encour-
age them, and facilitate their growth potential and critical
thinking (Lane, 2008). Results from the path analysis show
support for the basic tenets of SDT. Specifically, the covari-
ance of the predictors shows that autonomy support was
highly related to needs satisfaction, perceived competence,
identified regulation, and intrinsic motivation, whereas it was
unrelated or negatively related to amotivation and external
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regulation. This is in line with the SDT’s proposition of auton-
omy support. For instance, Black and Deci (2000) found in a
study among chemistry students that learning contexts that
were more active and student centered increased the stu-
dents’ autonomous motivation over the semester. Grolnick et
al. (2007) conducted an intervention study wherein students
were divided into either an after-school program or a control
group. Students in the after-school group were more active in
their learning, and results revealed that the students in this
group increased their intrinsic motivation and learning goals
from pretest to posttest relative to the control group. Addi-
tionally, previous research shows that when teachers are
autonomy supportive, the students have a better conceptual
understanding of the learning material (Benware and Deci,
1984), higher perceived learning (Jeno and Diseth, 2014),
and higher self-esteem (Deci et al., 1981) and are more
autonomously motivated (Vallerand et al., 1997).

TBL, Engagement, and Perceived Learning

We found a significant increase in the students’ engagement
from pretest to posttest. Finding ways to engage students is
important, because engagement is related to the quality of the
students’ learning and their involvement during the teaching
session (Reeve, 2012). Previous studies have found engage-
ment to be associated with learning (Archambault et al., 2009;
Reeve and Tseng, 2011) and positive emotions (Mageau and
Vallerand, 2007), thus supporting the notion that engagement
is important. Finally, we found a significant increase in students’
perceived learning. Similar results were reported by Vasan et al.
(2011) among students in a human anatomy course. In a com-
parison of class averages and results from a National Board of
Medical Examiners subject exam, students who attended TBL
classes achieved significantly better results on the exam than
students who attended a traditional lecture-based course.
Results from the path analysis show that increases in perceived
competence, intrinsic motivation, and external regulation from
pretest to posttest predicted increases in engagement, which in
turn predicted increases in perceived learning. The model pre-
dicted a substantial amount of variance in engagement, but also
a significant amount in perceived learning. An interesting find-
ing was that external regulation indirectly predicted perceived
learning. A possible interpretation might be that the controlling
functions within TBL enable the students to participate in TBL
activities, providing needs satisfaction and autonomy support,
thus supporting control and structure within the context of
autonomy. This line of reasoning has previously been found in
laboratory studies and meta-analytically (Ryan et al., 1983;
Deci et al., 1999).

Limitations and Practical Implications

Several limitations are worth mentioning when interpreting
the results. First, the study was quasi-experimental, and thus
no causal inferences could be made. Including a control group
could have limited the confounding effects of maturity and his-
tory in the current one-group pretest—posttest design. Random-
ization of the participants to either of the conditions could
have strengthened the conclusions of the study. However,
according to Shadish et al. (2002), different constraints inhibit
the possibility of randomization in quasi-experimental studies
for ethical, funding, and/or administrative reasons. Further-
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more, quasi-experiments also allow for a more context-sensi-
tive investigation. Owing to the students’ enrollment in courses,
randomization was not possible. Although ruling out factors
that could threaten the internal validity of the study increases
the strength of the results (Baldwin and Berkeljon, 2012), we
recommend future studies employ true experimental designs to
further strengthen the validity of the results.

Second, the present study employs perceived learning, as
opposed to actual achievement such as grades or achievement
from a test. On the one hand, assessment of grades could have
accounted for more variability. On the other hand, previous
studies have shown that perceived learning is an adequate mea-
sure of actual learning (Kuncel et al., 2005; Cole and Gonyea,
2010; Felder-Puig et al., 2012) and related to needs satisfaction
(Jang et al., 2016a). Thus, the strategy employed for our design
was adequate for the aims of our investigation.

Third, some of the scales employed had Cronbach’s alphas
that were below the recommended cutoff point of 0.70.
Specifically, external regulation had low alphas at pretest and
posttest. Some might argue that this is a concern. However,
according to Cronbach (1951), scales with few items yield
lower alpha levels, and the same scale with more items would
have increased the alpha level proportionally with the increas-
ing amount of items. Also, due to the explorative nature of the
present investigation, we accepted a higher degree of measure-
ment error (Crano et al., 2015). Furthermore, smaller sample
size has more variation, which may cause larger measurement
error in the scales.

A final limitation was the short amount of time the students
in the TBL condition had to become accustomed to the learning
method. According to Michaelsen and Sweet (2011), TBL ses-
sions require students to get to know their team members and
stay together as a team throughout the semester. Thus, if the
experimental period had lasted longer, the students could have
gained more of the benefits that TBL provides (Slavin, 1991).
Despite increasing the test period from the pilot test to the pres-
ent study, the relative time the students had to get accustomed
to the groups and the learning method was short. However, due
to a shorter lecture semester in Fall (August-November) and
the criteria of having a similar topic in both teaching methods,
we were not able to extend the test period any further. On the
one hand, continuous measurement of participants throughout
the experimentation could have eliminated the engagement or
autonomous motivation effect of the topic. On the other hand,
several measurements could have produced pretest sensitiza-
tion effect (Crano et al., 2015), thereby either enhancing or
reducing the effect of the intervention (i.e., TBL). Furthermore,
a last follow-up measurement after the implementation of TBL,
when students returned to traditional lectures, could have
impacted their answers and their ability to detect the study
hypotheses, especially when the experimentation time was as
short as 4 weeks.

Several practical implications are put forth based on the
results. We recommend teachers incorporate active-learning
approaches, specifically TBL, into their teaching. Our results
show that students perceive the teachers as more autonomy
supportive under TBL conditions. Furthermore, TBL as a teach-
ing method facilitates rote learning and conceptual learning,
both of which are important for the future workforce to master
(Ministry of Education and Research, 2015). In line with the
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theoretical assumptions of SDT, we recommend teachers evalu-
ate any teaching activities in light of motivational consequences
and autonomy-supportive contexts. A strength of this study is
the ability to investigate what the various motivational effects
of TBL are, and why this might be the case. There might be
some controlling aspects of TBL that enhance feelings of exter-
nal regulation. We recommend teachers nurture students’
psychological needs for autonomy, competence, and related-
ness in an autonomy-supportive way to reduce feelings of exter-
nal regulation (Cheon and Reeve, 2015) by providing choice,
structure, and caring. Finally, based on our findings, we recom-
mend teachers incorporate TBL in higher education due to the
positive motivational effects of increased intrinsic motivation,
perceived competence, and engagement.

CONCLUSION

In conclusion, our investigation has been a first step toward
assessing the motivational implications of TBL in a higher
education context, an area of investigation that has been under-
studied. Despite the limitations in our study, we have found
some initial support for the motivational benefits that TBL can
have on higher education students in physiotherapy. Specifi-
cally, implementing active-learning approaches, such as TBL,
compared with passive-learning approaches, such traditional
lectures, could improve students’ autonomous motivation, com-
petence, engagement, and learning over time.

Future studies should conduct randomized controlled trials
of the effects of TBL and lectures from an SDT perspective. By
conducting randomization, it is possible to remove within-group
differences, a risk associated with quasi-experiments. Further-
more, more complex longitudinal designs over several semes-
ters, in which the experimental treatments are counterbalanced
with control groups, are recommended to rule out any training
or novelty effects. Finally, we recommend future studies to
assess students’ psychological well-being in order to test how
teaching methods (active vs. passive) interact with students’
motivation (autonomous vs. controlled) in explaining psycho-
logical health and affect.
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