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1. INTRODUCTION

Students’ interest in science has been steadily declining, with many learners re-
porting that science feels disconnected from their lives, overly abstract, or insuf-
ficiently engaging. A systematic literature review conducted by Potvin and Hasni
(2014a) demonstrated that declining student interest in science is a global trend.
Research consistently shows that this downturn typically begins at the start of
lower secondary school — the very period when foundational scientific concepts
are introduced (Hidi et al., 2004; Krapp & Prenzel, 2011; Potvin & Hasni, 2014b).
Recent work by Steidtmann et al. (2023) further illustrates the robustness of this
pattern: in their classlevel analysis of students progressing through lower sec-
ondary grades, interest in physics declined not only among students who were not
studying physics during that period but also among those who were. This sug-
gests that the decline is not merely a consequence of course exposure but reflects
broader motivational dynamics affecting young learners.

But why does students’ interest matter? First, interest is connected to other
important aspects of learning, such as knowledge acquisition (Rotgans & Schmidt,
2011b) and conceptual change (H. Kang et al., 2010). Interest can positively
influence the amount of effort students are willing to invest (Trautwein et al.,
2015), which in turn affects students’ academic achievement (Dunlosky et al.,
2020). Therefore, interest is considered essential for learning (Harackiewicz et
al., 2016; OECD, 2023; Renninger & Hidi, 2020). On a societal level, interest
is an important factor when considering future career choices (Blotnicky et al.,
2018; J. Kang et al., 2019). A number of problems, such as climate change or
viral pandemics, require a deep understanding of science (J. Kang & Tolppanen,
2024; Sadler et al., 2025). This means at least some people need to be interested
enough in science to choose a science career (Kearney, 2016). Arguably, it is even
more important for policymakers and the citizens that elect them to have a basic
grasp of science so that necessary steps are taken on a large scale to overcome
such problems (Cologna et al., 2025). To achieve this, every citizen should have
at least a little interest in science.

A number of factors have been proposed as an explanation for the declining
interest. Science is perceived as more difficult and abstract than other school sub-
jects, which could be related to decreased interest (Krapp & Prenzel, 2011; Logan
& Skamp, 2008). Potvin and Hasni (2014b) suggest that a change in the variety
of teaching practices, namely an increase in worksheet and exercise book assign-
ments at the expense of discussions and projects, could be another cause. Teppo
et al. (2021) found that varying teaching approaches is important for maintaining
students’ interest. Students perceive the science learned in school as not relevant
or useful (Christidou, 2011; Lyons, 2006), while out-of-school science might be
perceived as important (Potvin & Hasni, 2014b). Finally, the central factor con-
necting the aforementioned factors is the teacher. Steidtmann et al. (2023) found
a positive relationship between students’ interest in physics and their perception
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of their teachers’ teaching quality. Accordingly, teacher incompetence can have a
negative effect on students’ interest (Broeckelman-Post et al., 2016). Of course,
the teachers’ own motivation and enthusiasm towards their subject also affects
their students’ interest (M. Keller et al., 2017; D. Palmer, 2007).

Let us assume that a science teacher is enthusiastic and competent in teaching
their subject. What can then be done by the teacher to address the other possi-
ble reasons for the decline in interest? How can the teacher plan their lessons so
that the challenge of the learning tasks is adequate for the students’ skill level?
How much variety in teaching practices is enough, and which practices are more
likely to trigger interest? What aspects do students consider irrelevant in science
lessons? To answer these questions, a better understanding of what is happening
to interest in lessons is required, namely, how learner characteristics and teach-
ing practices affect students’ interest in science (Lavonen et al., 2021; Renninger
et al., 2019; Swarat et al., 2012) and how this interest develops during science
lessons (Hecht et al., 2021; Rotgans & Schmidt, 2011b, 2017b). Through this
improved understanding, teachers can better focus their efforts in planning inter-
esting lessons for students.

1.1. Aim and research questions

The common aim of the three studies comprising my thesis was to find out which
learner characteristics and teaching practices are associated with students’ situa-
tional interest during physics teaching modules and to explain why some of these
variables are more significant than others in various situations. The design allowed
me to identify statistical associations rather than make strong causal predictions
about situational interest. The variables included in the models were selected
based on prior research and theoretical relevance, and the relative significance of
each predictor was evaluated empirically through its estimated effects and confi-
dence intervals.

I divided learner characteristics into background and situational variables. The
background variables included students’ gender, grade, individual interest, and
perceived relevance of physics in general. These characteristics either did not
change during the modules or changed little due to their relatively enduring nature
(Hidi & Renninger, 2006; Priniski et al., 2018). The situational variables included
students’ perceptions of the relevance of the current activity, how much effort
they allocated to it, how challenging it was for them, and how skilful they felt
while engaged in the activity. The teaching practices I examined were the various
instructional activities students engaged in, in relation to which we measured the
situational variables. I did not study other aspects of teaching practices or teacher
characteristics. The research questions of my thesis were as follows:

1. How are gender, grade, individual interest, and the perceived relevance of
physics in general associated with students’ situational interest?
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. How are instructional activities, their perceived relevance, and the effort,
skills and challenges related to them associated with students’ situational
interest?

. To what extent is subsequent situational interest associated with previous
situational interest?

. How does situational interest develop during physics teaching modules?

12



2. THEORETICAL BACKGROUND

2.1. Interest

The person—object theory of interest developed by Krapp conceptualises interest
as a motivational construct understood as a connection between the person and
an object (Krapp, 1993, 2002). This object can take forms such as written text,
audiovisual material, people, animals, and activities (Renninger & Hidi, 2015a).
According to the theory, interest has three components: affect, knowledge, and
value (Hidi & Renninger, 2006; Schiefele, 1991). Although I did not examine
the components separately, they provide the theoretical basis for the discussion.
Interest is commonly divided into situational and individual interest (Hidi, 1990;
Renninger & Hidi, 2015a). Situational interest is tied to a specific situation and
can emerge and fade with the situation (Hidi et al., 2004). Situational interest
may involve deep, effortless concentration accompanied by feelings of enjoyment
or excitement (Krapp et al., 1992). It can be distinguished from individual interest
by its stronger reliance on external factors (Krapp & Prenzel, 2011), which, for
students, can be teachers or peers, as well as the content learned and the activi-
ties engaged in (Renninger et al., 2019). When situational interest is maintained
beyond the end of the situation, it can develop into individual interest.

Individual interest is less affected by the environment than situational interest,
but the person—environment interaction is still vital (Hidi, 1990). Individual inter-
est is relatively stable, and objects of such interest (for example, a particular film
or a science subject) are particularly significant to the interested person (Krapp,
1993). People with individual interest are likely to re-engage with this object of
interest independently and can persevere even when the related activity is difficult
or frustrating (Renninger & Hidi, 2020). The situation is confounded on whether
individual interest directly supports learning or not. Previous studies (Ainley et
al., 2002; Hidi et al., 2004; Schiefele, 1991) have supported this claim, while
more recent studies (Romine et al., 2020; Rotgans & Schmidt, 2018) have sug-
gested that situational interest acts as a mediator and is therefore more important
in a classroom setting than individual interest.

The model of four-phase interest development established by Hidi and Ren-
ninger (2006) postulates that there are four phases of interest — two situational
and two individual — and that a person’s interest passes through all these phases
as it develops. The first stage is triggered situational interest, usually caused by
incongruous, surprising, or intense environmental features (Renninger & Hidi,
2002). Triggered situational interest can fade quickly or, with support, evolve
into maintained situational interest. Maintained situational interest is charac-
terised by positive feelings towards and a wish to re-engage with the object of
interest (Renninger & Hidi, 2020). With repeated re-engagement, it can develop
into emerging individual interest, which is more self-generated than externally
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supported and can make effortful activities seem effortless (Hidi et al., 2004). Fi-
nally, well-developed individual interest is characterised by resourcefulness and
perseverance in the face of difficult tasks related to the object of interest. Hidi and
Renninger (2006) have stressed that interest can also develop backwards, mean-
ing that emerging individual interest can revert to maintained situational interest,
for example. However, this model has been challenged by Rotgans and Schmidt
(2018), who argued that there is always some pre-existing (individual) interest
that subsequent interest will build upon. My studies examined situational interest.
Although it comprises two phases, these were not distinguished during data col-
lection; however, the framework proposed by Hidi and Renninger (2006) remains
relevant for interpreting the results.

In parallel to the phases of interest, Haussler (1987) proposed that interest
consists of three dimensions: interest in a topic or content, interest in the context
in which that topic is presented, and interest in the activity associated with that
topic. In his study about physics lessons, he found that most of the variance in
students’ responses to the interest item in the questionnaire was explained by the
context dimension. In contrast, the other two dimensions had a smaller effect. In
a subsequent study, Haussler et al. (1998) reconciled the dimensions framework
with the situational and individual interest model by stating that the dimensions
describe situational interest. Based on their studies, they stressed the importance
of letting students engage in interesting activities and using contexts that are rel-
evant to them (Haussler & Hoffmann, 2000). This dimensional conceptualisation
of interest has more recently been used by Hammann et al. (2020), who studied
the interactions between the three dimensions. They found that in content-context
combinations, context was the driver of interest, but in content-activity combi-
nations, content was the driver. The dimensionality framework is also useful for
describing the effect of teaching practices within the scope of my thesis.

As situational interest is more susceptible to environmental factors than in-
dividual interest, it is reasonable to focus on it in school settings. Researchers
and teachers seek to understand what triggers situational interest, for whom, and
in which situations (Guo & Fryer, 2025; Renninger et al., 2019; Shubina et al.,
2023). Of the three dimensions proposed by Hiussler (1987), the importance of
context has been emphasised by more recent studies (Broman et al., 2022; Ham-
mann et al., 2020; Teppo et al., 2017). Habig et al. (2018) found that the effect of
contexts also depends on the situation, meaning that a context that works well with
one topic might be a poor choice for another topic. In addition, not all contexts
that increase interest are more beneficial for learning (Golke & Wittwer, 2024).
Content tends to be more engaging when it is concrete (Tapola et al., 2013) or
when its social relevance is made explicit (Haussler et al., 1998). Certain topics,
such as astronomy, warfare, and medicine, can also trigger student interest, though
gender differences have been observed (Haussler & Hoffmann, 2000). Girls seem
to be more interested in biology and medicine-related topics, whereas boys prefer
physics and engineering-related topics (Christidou, 2006; J. Kang et al., 2019).
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Swarat et al. (2012) argued that activities are stronger predictors of situational
interest than content, although this has been disputed by Hammann et al. (2020).
Nevertheless, studies have found that some activities have a positive effect on in-
terest, while others may not have an effect or may even have a negative effect
(Guo & Fryer, 2025). For example, hands-on and experimental activities have of-
ten been linked to higher interest (D. Cheung, 2018; Holstermann et al., 2010; D.
Palmer et al., 2017). Renninger et al. (2019) found that instructional conversation
between teachers and students can trigger interest, but only if the content is not
too difficult and the scaffolding of the students is of high quality. The effect of
group work on situational interest also seems to be complex and depends on the
context and freedom of choice (Shubina et al., 2023; Tan et al., 2023; Vilhunen
et al., 2025). Note-taking has been reported to decrease interest (Logan & Skamp,
2013). As with contexts, the effect of an activity depends on the situation. For ex-
ample, Lavonen et al. (2021) conducted a study in Finnish and Chilean secondary
school physics lessons to examine how activities predict situational interest. They
found that writing and working in small groups were negative predictors of inter-
est for Finnish students, whereas working in small groups was not a predictor and
writing was a positive predictor for Chilean students.

The most important environmental factor for students in school is likely the
teacher, who determines the combination of content, context, and activities. Teach-
ers who are interested in their work positively affect their students (M. Keller et
al., 2017), while indolence and incompetence in teachers are negative predictors
of students’ interest (Broeckelman-Post et al., 2016). Unclear instructions, rep-
etition, and rushing by the teacher can also have a negative effect on students’
interest (Logan & Skamp, 2013; Rotgans & Schmidt, 2011a). Hidi et al. (2004)
emphasised that the methods teachers use to support their students’ interest de-
pend on whether the students are in the stage of triggered or maintained situational
interest. This is also supported by Linnenbrink-Garcia et al. (2013) and Mitchell
(1993), who found that activities such as group work or solving puzzles, as well
as teacher approachability, have a positive effect on students’ triggered situational
interest, but not on maintained situational interest. However, positive predictors
of the latter stage included involvement and perceived relevance, which had no
significant effect on triggered situational interest.

In addition to the learner characteristics I focused on, there are others that
can affect interest. One such characteristic is previous domain knowledge about
the object of potential interest. Alexander et al. (1995) found that high previ-
ous domain knowledge correlated with high situational interest, whereas Rotgans
and Schmidt (2014) found the opposite to be true, arguing that it is the knowl-
edge gap that drives interest. Another characteristic with a somewhat disputed
effect is individual interest. Tsai et al. (2008) observed that individual interest
predicted situational interest, but Knogler et al. (2015) found that the two were un-
related. Harackiewicz et al. (2008) hypothesised that students with high individual
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interest might skip the triggered and possibly even the maintained situational in-
terest phases, transitioning straight to emerging individual interest. Rotgans and
Schmidt (2018) proposed that individual interest can predict situational interest
at the start of a lesson. However, the effect disappeared when students were pre-
sented with a situationally arousing problem. In contrast, they found that previous
situational interest, rather than individual interest, predicted subsequent levels.

2.2. Relevance

Relevance is most closely associated with the value component of interest (Krapp,
1993), but distinguishing these from each other is difficult due to their consid-
erable overlap (Stuckey et al., 2013). Contrary to interest theory, there is no
generally agreed-upon definition for what relevance is (Priniski et al., 2018). A
study by Stuckey et al. (2013) and another by Priniski et al. (2018) try to address
the issue, but the authors of these studies have differing views, with the latter not
referring to the former. Both studies are important in the context of this thesis,
since the work by Priniski et al. is more clearly connected to interest theory, while
Stuckey et al. position themselves to describe the meaning of relevance in science
education. Therefore, I present a summary of both views.

The review conducted by Stuckey et al. (2013) revealed that “the term rele-
vance can have different meanings, both intrinsic (felt by the student) and extrinsic
(provided by the curriculum, parents, teachers and examinations)” (p. 12) and that
it consists of three dimensions: individual, societal, and vocational (Eilks et al.,
2014; Van Aalsvoort, 2004). The individual dimension is tied to people’s every-
day lives and skills; the societal dimension concerns the link between the object
of relevance (e.g. content or context) and society, and how that object contributes
to societal development; and the vocational dimension is related to future career
prospects. Stuckey et al. (2013) further expanded these dimensions by adding
a time spectrum (present vs future) and a type spectrum (intrinsic vs extrinsic),
noting that the dimensions can overlap. In addition, the importance of each di-
mension may vary across school stages (Newton, 1988).

While Stuckey and colleagues emphasised the multidimensionality of rele-
vance, including its intrinsic and extrinsic nature and its consequences for a per-
son’s life, Priniski et al. (2018) offered a much simpler definition: a personally
meaningful connection to the individual (p. 12). They stated that relevance is a
motivational construct conceptualised on a continuum of personal meaningfulness
that can be divided into association, usefulness, and identification, which are not
mutually exclusive. These types were linked to motivational theories, including
interest theory (Hidi & Renninger, 2006), which highlights relevance as a key fac-
tor in the transition from situational to individual interest. Priniski and colleagues
hypothesised that usefulness and identification are especially important for the
development of individual interest. They also noted that while relevance can trig-
ger interest, it is not a necessary component of situational interest. Stuckey et al.
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(2013) also argued that interest and relevance are similar, but distinct constructs:
a school subject like mathematics can be highly relevant for various reasons, but
might not be interesting. While I agree with the viewpoint of Priniski et al. (2018),
we used the definition presented by Stuckey et al. (2013) in Study 2 of my thesis;
therefore, it will be the one followed here. However, I do not distinguish between
intrinsic/extrinsic components or present/future orientations.

Intrinsic factors, such as interest in a subject, and extrinsic ones, such as its
usefulness for future careers, are dominant in shaping students’ subject choices in
school (T.-A. Palmer et al., 2017). Unfortunately, science curricula have been
criticised as collections of disconnected ideas that lack relevance for students
(Christidou, 2011; Lyons, 2006; Osborne & Dillon, 2008). At the same time,
few secondary students express an interest in science-related careers (Archer et
al., 2020; Jenkins & Nelson, 2005). To address this perceived lack of relevance,
teachers need to find ways to increase the perceived value of what is taught (Bro-
man et al., 2022). According to J. M. Keller (1987), relevance does not have to
originate from the content itself but can emerge from how it is taught. He proposed
strategies for enhancing perceived relevance, including using analogies from stu-
dents’ past experiences and explicitly showing how topics build on existing skills
or relate to future activities. These strategies were tested by Means et al. (1997),
who found that they led to increased perceived relevance.

Since relevance encompasses multiple dimensions according to Stuckey et al.
(2013), both the content and the context in which the content is taught can be
perceived as relevant for different reasons. For example, Massolt and Borowski
(2020) studied the perceived relevance of physics problems used with pre-service
teachers. The participants found problems focusing on conceptual issues and re-
quiring less mathematical skill to be more relevant, as secondary school physics
rarely demands advanced mathematics. In contrast, the upper secondary students
in the study by Broman et al. (2022) reported that problems embedded in personal
contexts were most relevant, while those framed in vocational contexts were least
relevant. The study also found that certain familiar “trigger words” (e.g. trans fats)
increased the perceived relevance of materials, while unfamiliar terms decreased
it. A similar effect has been reported regarding the titles of learning materials
(Kotkas et al., 2016). As Priniski et al. argued, relevance depends on the individ-
ual, which is why variation in content, context, and activity is important to ensure
that as many students as possible find a personally meaningful connection.

2.3. Effort

Like interest and relevance, effort carries various meanings, and its use in research
has been inconsistent (Shenhav et al., 2017). To clarify the situation, Grund et al.
(2024) reviewed the relevant literature and proposed that effort can be understood
through three distinct conceptions: effort-by-complexity, effort-by-need frustra-
tion, and effort-by-allocation. The first refers to the difficulty of a task: complex
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tasks require more effort to complete (Hoch et al., 2023). The second describes
the mental strain a task can have, regardless of whether it is completed or not
(Feldon et al., 2019). This form of effort is inherently negative and may hinder
learning (Ryan & Deci, 2020). The third conception is linked to motivation and
persistence, which originate from the person rather than the task (Muenks et al.,
2016). If perceived effort were to be measured, the corresponding questions for
each conception would be: how much effort do you have to invest?, how effortful
or strenuous is it?, and how much effort are you willing to invest? (Grund et al.,
2024). I used the latter conception: effort-by-allocation.

While effort-by-allocation is not directly linked to interest theory, it is con-
nected to the expectancy—value theory (Eccles & Wigfield, 2020; Wigfield &
Eccles, 2000). According to this theory, value is divided into attainment, intrinsic
value, and utility value. Intrinsic value is seen as a counterpart to interest in the
person—object theory (Krapp, 1999; Urhahne & Wijnia, 2023). Thus, interest and
effort are related through motivational theories. Kehle and Urhahne (2025) stated
that the two concepts are interrelated: while interest is more important at the be-
ginning of tasks to facilitate learning, effort takes the lead as learning progresses.
They found that invested effort mediated the effect of situational interest on test
achievement. Similar links have previously been found by H. Kang et al. (2010)
and Trautwein et al. (2015). Dietrich et al. (2017), whose research was grounded
in the expectancy—value theory, found that motivation affects effort allocation,
which in turn affects motivation in subsequent situations.

Similar to the effort-by-allocation conception, Paas (1992) defined mental ef-
fort as “the amount of (cognitive) capacity that is allocated to the instructional
demands” (p. 429). The wording implies that it is the intention of the student,
not the demand of the task at hand. It has even been suggested that measuring
students’ invested effort in an activity can be a better estimate of their motivation
than self-reports of motivation (S. H. Song & Keller, 2001). However, Kehle and
Urhahne (2025) have supported the use of self-reporting, suggesting that using
the experience sampling method is a more precise way to measure changes in
motivation. Furthermore, they advocated the need to design learning tasks that
are more relevant to students to better study the connection between interest and
effort. Finally, Paas et al. (2005) stated that the amount of effort students allocate
to learning tasks depends on the balance between their skills and the challenge;
if a task is not challenging enough or is too challenging, the amount of allocated
effort decreases.

2.4. Challenge and skills

Deci (1992) described interest from the self-determination theory point of view as
“the affect that relates one’s self to activities that provide the type of novelty, chal-
lenge, or aesthetic appeal that one desires at that time” (p. 45). Despite my thesis
being grounded in the person—object theory, the notion that interest is connected
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to both activities and challenge is relevant. Based on the work by Deci, Chen et
al. (2001) defined challenge as “the level of difficulty relative to a person’s abil-
ity” (p. 385), although Bricteux et al. (2017) argued that challenge should not be
equated with difficulty; if difficulty is an obstacle that needs to be overcome, chal-
lenge is an opportunity for growth. Fulmer and Tulis (2013) also define challenge
as task difficulty “that is matched to or slightly beyond one’s ability” (p. 11) and
distinguish between two types: objective and perceived difficulty, of which the
latter is influenced by students’ interest in the task, its relevance, and the amount
of effort they are willing to allocate to it. This it is the definition I will use in the
thesis, focusing on the perceived difficulty.

Chen et al. (2001) found that challenge does not affect situational interest when
students are engaged in physical activities, but there could be a significant associ-
ation during conceptual tasks. Nuutila et al. (2021) observed that the relationship
between challenge and situational interest depends on task characteristics and stu-
dent expectancies and could be non-linear, whereas Fryer and Shum (2025) found
thet they were negative predictors of each other. Fulmer and Tulis (2013) also
found that greater perceived difficulty was associated with lower situational in-
terest. They stressed the importance of studying how interest develops during
learning tasks and measuring perceived difficulty multiple times during lessons.
Bricteux et al. (2017), focusing on the connection between interest and the skills—
challenge balance in the context of flow theory (Csikszentmihalyi, 1990), found
that interest moderates the relationship between the skills—challenge balance and
flow, Without interest, flow is less likely, even if there is balance.

There are also examples of a positive relationship between interest and chal-
lenge, but only if certain criteria are met. Abuhamdeh and Csikszentmihalyi
(2011) reported that perceived challenge was a strong predictor of enjoyment (of
which interest in the activity was a part) when people were intrinsically moti-
vated and the activity was goal-directed. If either condition was not fulfilled,
perceived skills were a stronger predictor of enjoyment. Renninger et al. (2019)
mentioned challenge as one of the possible triggers of interest that, alongside per-
ceived relevance, depended on students’ awareness of the situation. They found
that it worked as a trigger only if students felt a sense of accomplishment and if
the challenge was adequate (i.e. balanced with skills and not too similar to a pre-
vious activity). This adequacy of challenge has also been reported by Tan et al.
(2023). Adequate challenge can support the development of individual interest
(Renninger & Hidi, 2015b).

Students’ skills have been examined as a factor related to interest in different
educational contexts. Chen and Darst (2002) measured students’ individual and
situational interest in physical education classes and found that students with high
or low situational interest could be distinguished based on their motor skills and
individual interest. Lee et al. (2023) observed that high reading skills were associ-
ated with a high level of situational interest and that situational interest developed
differently for students with high and low reading skills. However, very little is
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known about how skills predict situational interest in science education lessons.
Perhaps the closest association between them in science education is within opti-
mal learning moments, defined by Schneider et al. (2016) as situations in which
students have high situational interest and feel challenged, but also perceive their
skills to be adequate for the challenge. They defined skills as the “mastery of a set
of specific tasks” (p. 402), which is the definition I am adhering to in my thesis.
They hypothesised that triggering and maintaining interest in a topic for which a
student has little previous knowledge and finite skills is difficult.

Table 1. Instructional activities used in the three studies

Study 1 Study 2 Study 3

Listening Teacher—student Following the
interactions teacher’s presentation

Experimenting Experiment-related activities ~Working in groups

Answering worksheet  Solving problems Working on

questions an assignment

Watching a video Calculation-related Working with data
activities

Not engaged in Not engaged in Brainstorming

instructional activities instructional activities
Seeking information

2.5. Instructional activities and coherent science instruction

In my thesis, the learner characteristics not mentioned in RQ 1 are all measured in
relation to the activities students engage in during the designed teaching modules
typically found in science lessons. Some of these activities (e.g. watching a video)
are self-explanatory, while others (e.g. working with data) are more nuanced. All
of these are referred to as instructional activities, understood as instructionally in-
dependent lesson segments that differ in purpose and activity format, and whose
sequencing, role, and duration are planned and managed by teachers (Burns &
Anderson, 1987; Vilhunen et al., 2021). While the term describes what students
were doing, it also denotes the unit used to examine how teaching was structured.
However, the term does not imply that the teaching modules designed for the three
studies were based on a teacher-centred approach. Although there were situations
where the teachers lectured, these were brief and typically occurred when a new
topic was introduced. The purpose of using this term was to bridge the gap be-
tween the students and the theoretical framework of coherent science instruction,
which is described in the following paragraph. The activities examined in the
three studies are presented in Table 1.

The instructional activities were part of the physics teaching modules designed
for all three studies. These modules were guided by the framework of coherent
science instruction (CSI; Nordine et al., 2021). CSI is based on four charac-
teristics: core ideas and scientific practices, rich phenomena, need-to-know, and
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knowledge-in-use. First, CSI emphasises developing a small set of core ideas,
which are realised through SEPs (Fortus & Krajcik, 2012). The second character-
istic, rich phenomena, means that the content students learn should be situated in
a context that is relevant to them (Hanuscin et al., 2016). This can be achieved by
presenting problems that are in some way personally meaningful, such as local
issues familiar to the students. Establishing the need-to-know is closely con-
nected to this; it means making the relevance of what is being learned explicit
(Schneider et al., 2020). While this is not always possible for every topic, at a
minimum, the importance of a topic for understanding subsequent content should
be communicated. Finally, knowledge-in-use ties the previous three elements to-
gether using core ideas and practices to make sense of rich phenomena and solve
science-related problems while recognising the value of the knowledge and ideas
involved (Sikorski & Hammer, 2017). Together, these four characteristics aim to
bring coherence to science teaching and support students’ interest in science.

Core ideas are essentially phrases that may not convey much information on
their own but encapsulate the knowledge students are expected to acquire under
a unifying theme (Krajcik et al., 2014). For example, conservation of energy
and energy transfer is a core idea in physics that includes the understanding that
energy transfers from hotter to colder bodies and that when the kinetic energy of
an object changes, another form of energy must also change (Duncan et al., 2016).
The core ideas of all studies are described in the methodology chapter. Science
and engineering practices describe the activities scientists and engineers engage in
during their work, such as developing and using models, planning and carrying out
investigations, and engaging in argument from evidence (Osborne, 2014). While
these terms may be familiar to students in the United States because they are part
of their national science curriculum (National Research Council, 2012), this is not
necessarily the case for students in Europe. This is why instructional activities
were preferred over SEPs: the former uses terms more familiar to students in
Estonia and Finland.

The following paragraphs describe the instructional activities used throughout
the three studies. We chose these activities based on the person—object theory of
interest and the framework of coherent science instruction. The person—object the-
ory informed the selection and placement of activities by distinguishing between
activities known to trigger situational interest (Renninger et al., 2019; Swarat et
al., 2012). As per the characteristics of CSI, the activities were situated in sur-
prising or relevant phenomena, and they were sequenced logically to support the
students in making sense of the phenomena (Nordine et al., 2021). Activities
were sequenced so as to connect conceptual explanations with handson experience
and reflection so that students could integrate new ideas with prior knowledge.
Conceptual explanations, enacted through activities such as teacher—student in-
teractions or solving worksheet problems, established the need to know for the
students: how to answer the driving questions of the modules and how to make
sense of the experiment- and calculation-related activities. The activities were
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also linked to several science and engineering practices (National Research Coun-
cil, 2012). The SEPs corresponding to the instructional activities are presented in
Table 2 with one exception. We did not include watching a video as the results of
Study 1 showed that it was too specific and often included in the teacher—student
interactions or following the teacher’s presentation.

Table 2. Instructional activities linked to science and engineering practices

Instructional activities Science and engineering practices
Listening; teacher-student Obtaining, evaluating, and
interactions; following communicating information;
the teacher’s presentation asking questions

and defining problems
Experimenting; Planning and carrying
experiment-related activities out investigations;

engaging in argument
from evidence
Answering worksheet questions; Developing and

solving problems; using models

working on an assignment

Working with data Analysing and
interpreting data

Calculation-related Using mathematics and

activities computational thinking

Working in groups; Constructing explanations

brainstorming and designing solutions

Listening, teacher—student interactions, and following the teacher’s presen-
tation emphasise the importance of the teacher. In addition to listening, these
interactions can involve students processing and organising information, making
connections to previous knowledge, developing an understanding of a concept, or
developing a skill (Tytler, 2007). The role of the teacher is to support students
in this process by asking questions, participating in discussions, or responding to
students’ questions. These activities were part of all three studies and were also
the most frequently reported by students.

Experimenting and experiment-related activities, sometimes called hands-on
activities or practical work by other researchers (Dillon, 2008), involve students
“observing or manipulating the objects and materials they are studying” (Millar,
2004, p. 2). The word “related” implies that the activities both preceding and
following the experiment itself are included, such as setting up the experiment,
proposing a hypothesis, making a plan, and reflecting on the results. Whichever
term is used, such activities are a common sight in science lessons, but their bene-
fits for learning have been called into question. For example, Abrahams and Millar
(2008) observed that most teachers prioritised the successful completion of the in-
tended experiment and data collection procedure, leaving little time for discussion
of the results. As a result, students remembered conducting the experiments but
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failed to understand the scientific ideas behind them; a finding reinforced by a sub-
sequent study (Abrahams & Reiss, 2012). K. K. C. Cheung and Sonkqayi (2025)
found that although conducting experiments improved students’ attitudes towards
science, the clarity of the teacher’s instructions negatively affected their cognitive
domains of knowing and applying. I compared experiment-related activities with
other instructional activities in Studies 1 and 2.

Working in (small) groups or group work refers to students collaborating to
achieve a common goal or complete a specific task. This usually includes as-
signing roles and responsibilities, discussing, and evaluating their work (Hammar
Chiriac, 2014). In a sense, group work is a special kind of instructional activity,
as it may include other activities, such as seeking information, brainstorming, or
working on assignments (Webb & Palincsar, 1996). The teacher’s role includes
forming the groups, defining the activity’s aim, providing the necessary resources,
and observing and supporting the students during the task (Slavin, 2014). Work-
ing in small groups was one of the primary activities in Study 3.

When students are solving problems or working on an assignment, they process
information, make connections to previous knowledge, and develop their skills or
their understanding of a phenomenon (Krajcik & Blumenfeld, 2005). This begins
with reading the instructions and understanding the requirements and objectives
of the assignment, followed by creating a plan to complete it. While doing so,
students apply their existing knowledge and skills (Sothayapetch et al., 2013).
These activities do not include experiment-related tasks, as they do not involve
manipulating or observing physical objects. Instead, problems are presented on
paper (i.e. a worksheet), on a slide, or verbally by the teacher. Solving problems
was also featured in all three of my studies as one of the more frequently reported
instructional activities.

Calculation-related activities and working with data can be seen as subcate-
gories of the activities described above, but they require students to use mathemat-
ical and computational thinking skills (Cava et al., 2023). This includes organising
data (e.g. in tables), manipulating it, and drawing conclusions, and may culminate
in model-building (Lehrer & Schauble, 2004). Comparing two calculation-related
activities with different designs was one of the highlights of Study 2.

Brainstorming involves thinking creatively to generate and explore ideas in an
iterative and non-linear way. This is often done collaboratively: while students
may initially generate ideas on their own, they later share, combine, and refine
them to find the best solution for the task at hand (Mosely et al., 2018). Brain-
storming was included as an instructional activity in the questionnaire of Study 3,
but compared to the other activities, it was rarely reported.

Seeking information entails evaluating the reliability of sources and identify-
ing relevant content by highlighting key points or taking notes (Wallace et al.,
2000). This can be done individually or during group work. In Study 3, seeking
information was reported alongside working in groups, albeit rarely.
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3. METHODOLOGY

3.1. Participants

Participants of Studies 1 and 2 were Estonian lower secondary school students,
and Study 3 participants were upper secondary school students. In all studies, the
students were divided into groups, and the distribution of boys and girls was equal.
In Study 2, the majority of students participated in both modules, but 34 students
participated in only the first module, and 17 in only the second module, due to
scheduling conflicts. Exact details on the number of participants, the groups, and
their composition are presented in Table 3.

Table 3. Participants of the three studies

Study Students Groups Composition

1 179 10 Five groups: mix of 8th- and 9th-grade
students from different classes.
Five groups: 8th- or 9th-grade students
from the same classes.

2 129 in Module 1, 7 Mix of 8th- and 9th-grade
126 in Module 2 students from different classes.
3 191 9 10th-grade students

from the same classes.

The samples of the first two studies consisted of students who participated in
a physics teaching programme run annually by the University of Tartu. The aim
of this programme was to provide schools with an opportunity to enrich their stu-
dents’ physics knowledge by having an instructor from the university visit the
schools and conduct an in-depth workshop once a month about a topic from the
national curriculum. Much focus was placed on having the students conduct ex-
periments, which they could not do during regular physics lessons due to a lack
of equipment and/or time. The programme was meant for interested eighth- and
ninth-grade students since teaching physics as a separate subject begins in the
eighth grade. Most of the students volunteered to participate in the workshops,
but a few smaller schools made participation mandatory for all students. Despite
this, participation in the workshops was not tied to participation in my studies. All
students in Studies 1 and 2 were taught by me. The sample of the third study was
obtained as part of the project “Learning of the competencies of effective climate
change mitigation and adaptation in the education system” (ClimComp) funded
by the Research Council of Finland. The students came from a school that has a
partnership with the University of Helsinki for such educational studies. Further-
more, these students were taught by four different teachers. Two teachers each
had one group, one teacher had three groups, and the last teacher had four groups.
Two groups had a substitute teacher for one lesson.
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3.2. Measures

In all studies, the experience sampling method (ESM) was used to collect data
about situational interest, perceived relevance, effort, skills, challenge, and in-
structional activities. The ESM involves collecting real-time self-reports from
participants about the topic of interest, such as happiness or anxiety (Hektner et
al., 2007). ESM questionnaires are typically brief and are administered multiple
times during the study period (Eisele et al., 2021). The goal is to capture par-
ticipants’ feelings or experiences as they occur, thereby minimising recall bias.
Additionally, repeated measurements allow researchers to explore how these con-
structs develop over time, such as how boredom fluctuates throughout the day.

ESM data can be collected in several ways, most commonly using smartphones
or tablets that are specifically set up for this purpose (Dejonckheere & Erbas,
2021). The items typically use a Likert scale, although open-ended questions can
also be included (Rintala et al., 2019). A key design choice concerns the sampling
scheme, which can be random, semi-random, fixed, or event-based (Dejonckheere
& Erbas, 2021). A random scheme prevents participants from anticipating when
the next questionnaire will appear, thereby improving validity, but it may also
increase participant burden and reduce compliance. Furthermore, questionnaires
may appear at ill-timed moments for the participants or times that are irrelevant
for the specific research (Vachon et al., 2019). A fixed scheme is essentially the
opposite of a random scheme. A semi-random scheme addresses the shortcomings
of the other two by offering moderate predictability: questionnaires appear within
known timeframes, but not at fixed moments. This increases validity and compli-
ance while reducing participant burden and is therefore often used by researchers.
Finally, in event-based schemes, questionnaires are triggered by specific events
(for example, after a nap), which is useful for examining the impact of particular
occurrences (Himmelstein et al., 2019).

Study 1 focused on associating situational interest with individual interest and
instructional activities. To measure individual interest, we administered a back-
ground questionnaire at the beginning of the teaching module, which included
items about gender and grade, along with five statements about individual interest.
The statements were modified versions of question ST094 in the “Students’ View
of Science” questionnaire of the 2015 PISA study (OECD, 2017), but instead
of science in general, we asked about physics. To measure situational interest
and the associated instructional activities, we used the ESM questionnaire, which
consisted of two items. We measured situational interest with a Likert item and
instructional activities with a multiple choice item. The scale of the Likert items
in the background questionnaire ranged from strongly disagree to strongly agree,
and in the ESM questionnaire, from no interest to very high interest. The Lik-
ert items in this and the following studies all used a 5-point scale. Items from
both instruments and their types are presented in Table 4, and the choices for the
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instructional activities are presented in Table 1. In addition to instructional activ-
ities, we included the option of “not engaging in an instructional activity” to give
those students who were no longer focused on the module the chance to give an
accurate report.

Table 4. Items from the instruments used in Study 1

Instrument  Item Type
Background “Usually I am having fun Likert

learning about physics topics.”

“I like reading about physics.”

“I am happy when I'm

dealing with physics.”

“I enjoy obtaining new

knowledge in physics.”

“I am interested in

learning about physics.”

What is your gender? multiple choice
What grade are you in?
ESM How interesting was the Likert
activity at hand?
What was the activity? multiple choice

In Study 2, we removed three items about individual interest but added an
item about the perceived relevance of physics and a reverse-coded item about
individual interest from the background questionnaire of the previous study. The
reasoning behind this was that all of the removed items focused on the affective
component of interest (I am having fun..., [ am happy..., I like...), but interest also
has a cognitive and value component. While the statement “I enjoy obtaining new
knowledge in physics” is still focused on the affective component, the remaining
statement “I am interested in learning about physics” and its negatively worded
counterpart are more neutral and not biased towards the affective component. We
also added two items about perceived relevance to the ESM questionnaire — one
about the level of relevance and another about its dimensions: personal, societal,
or vocational (Stuckey et al., 2013). To improve the validity of the items, I asked
a few of the students in different groups to explain in their own words how they
interpreted the questions. The students provided verbal feedback, which was not
documented, but the most important feedback was that they made a distinction
between interest and relevance. All items used in Study 2 are presented in Table
5. For the instructional activities, which have been modified since the previous
study, see Table 1.

In Study 3, we did not use a background questionnaire. Instead, the main in-
strument was the ESM questionnaire, which included items about the instructional
activities, situational interest, effort, challenge, and skills. While the effort-by-
allocation conception implies intent for something about to happen, our question
addressed students after they had completed an activity. However, the wording
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of our question still implied willingness, without alluding to the complexity of
the task or the frustration it could have caused. The Likert items were on a scale
from not at all to very much, and the possible choices of instructional activities
are visible in Table 1. The items of Study 3 are presented in Table 6.

Table 5. Items from the instruments used in Study 2

Instrument Item Type
Background “I am interested in Likert

learning about physics.”

“I enjoy obtaining

new knowledge in physics.”

“Physics is relevant to me.”

“Learning about physics

is not interesting for me.”

What is your gender? multiple choice
What grade are you in?
ESM “This activity was interesting for me.”  Likert
“This activity was relevant to me.”
What was the activity multiple choice

you were currently engaged in?
Why was (or wasn’t) this
activity relevant to you?

3.3. Procedure

In Studies 1 and 2, students were given tablets to use during the teaching mod-
ules. The tablets contained the learning materials of the teaching modules, which
were in the form of digital worksheets. The worksheets contained instructions to
set up the experiments, provided opportunities to make notes of the results, and
presented guiding questions to get students to think about what they were do-
ing. Both the background and ESM questionnaires were administered through the
tablets, and their visual style was identical to the other content on the worksheets.

Table 6. Items used in Study 3

Item Type
Were you interested in what you Likert
were doing?

How much effort were you putting

into the task?

Did you feel skilled at

what you were doing?

Did you feel challenged by

what you were doing?

What were you doing before you multiple choice
started answering the questionnaire?

The teaching modules of Studies 1 and 2 consisted of three consecutive lessons,
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and a single lesson usually lasted for 45 minutes. Thus, the modules were different
from a regular lesson in length, but we deemed this beneficial for several reasons.
First, if the ESM questionnaires had been administered within 45 minutes, the
time between each questionnaire would have been very short, which would have
been burdensome for the students and likely produced comparably small changes
in situational interest. Second, the process of introducing a topic, conducting rel-
evant experiments, and discussing them takes considerable time, and the longer
format of the study allowed us to maintain a sensible pace for the students. Study
1 had a single teaching module and Study 2 had two modules.

The ESM questionnaire used in Study 1 was administered to the students three
times. It utilised a modification of the semi-random sampling scheme, in which
the time between the questionnaires was roughly 20 to 30 minutes, but every stu-
dent received the questionnaire at a slightly different moment so as not to break
the flow of the lesson. For example, if one student in a group needed to answer the
questionnaire, then the others could continue with the experiment and later bring
their classmate back up to speed. Unfortunately, this caused a situation where
some students got their questionnaire during a break, which reduced the amount
of data by 5%. Learning from this, we used the event-based sampling scheme
in Study 2, and all students received their questionnaires at the same time. In
addition to avoiding the problems of Study 1, this scheme was suitable for cap-
turing specific instructional activities such as experiment- or calculation-related
activities. The timing between the questionnaires was roughly 20 minutes. In
both modules, the ESM questionnaire was presented to the students four times:
twice during the theory-focused section, once after the experiment, and once after
a calculation-related activity.

In Study 3, students were provided with smartphones to answer the ESM ques-
tionnaires, but the learning materials were not accessed through the phones.The
study utilised one teaching module, which was divided into five 90-minute lessons.
During each lesson, students answered the ESM questionnaire three times, mean-
ing that the total number of questionnaires for each student was 15. This study
utilised a fixed sampling scheme, which meant that students received a question-
naire every 20 minutes. The phones were programmed to signal the students when
it was time to answer, but the teachers had the opportunity to finish what they were
currently doing and then let the students answer. Another considerable difference
from the previous studies was that students could choose to be engaged in multiple
activities simultaneously (working in groups and brainstorming, for example).

3.4. Data analysis

Before analysing the data, I removed careless or incomplete answers. The main
indicator for a careless answer was when a student had answered all items iden-
tically, even the reverse-coded one in Study 2. It was more difficult to judge
whether such behaviour was a sign of carelessness in Study 3, since theoretically
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the student could have felt that their interest or the other measured concepts did
not change during the entire lesson. In such cases, I checked how the same student
had answered in other lessons; if the same pattern was present in other lessons,
I removed that student’s data. A good indicator of carelessness was reports of
instructional activities that could not have happened at that point; for example,
reporting engaging in experiment-related activities if calculations were done in-
stead. In Study 2, I treated the samples of both teaching modules separately; that
is, I did not analyse changes in students’ interest across modules or use data from
the first module as input for analyses of the second.

The analysis methods used for each variable and their corresponding research
questions are presented in Table 7. The individual interest used in the models of
Studies 1 and 2 was the mean of the items measuring it, and the internal con-
sistency of these items was high (¢ = .876 in both studies). I used Kendall’s
Tau correlation both as an input to which variables should be included in the re-
gression models and as a separate measure of their association with situational
interest. I used ANOVA to first confirm whether there were differences between
the mean levels of situational interest associated with instructional activities, and
then Tukey’s test as a post hoc analysis to find out which pairs differed.

Table 7. Analysis methods and variables used in the studies

Analysis method Variables in relation to
situational interest
Mann-Whitney U-test gender, grade (RQ 1)

Kendall’s Tau correlation individual interest, subject relevance,
activity relevance, effort,
challenge, skills (RQ 1 and 2)
ANOVA and Tukey’s test instructional activities (RQ 2)
Mixed-effects model individual interest, instructional
activities, activity relevance, effort,
challenge, skills (RQ 1 and 2)
Two-level structural model instructional activities, effort (RQ 2)

(Study 3)
Simple regression model individual interest, activity relevance,
effort, skills, challenge
previous situational interest (RQ 1 —3)
Descriptive statistics development of situational

interest (RQ 4)

To answer the second research question, I used two types of regression mod-
els. The first are multilevel regression models accounting for the nestedness of
the data. Measures of interest and other situational variables were nested within
students and students within groups. These models allowed me to answer the first
two research questions. An additional multilevel model was used during Study 3
that modelled the connection between situational interest, effort, and instructional
activities. The difference was that this model allowed for the covariance of interest
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and effort, which provided a different result from ANOVA regarding instructional
variables. To answer the third research question, I used simple linear regression to
model the level of situational interest at each of the moments students answered
the questionnaires, referred to in the models as occasions. These occasion-specific
models included situational interest measured at the previous moment as well as
the other variables used in the multilevel models, excluding instructional activ-
ities. The activities could not be included because the reported activities varied
very little (the students reported the same activity or only a couple of activities).
These models examined associations between earlier and later interest at the stu-
dent level and did not model within-person change trajectories. I used the Akaike
Information Criterion to determine which variables to include in the models. All
analyses except the second multilevel model of Study 3 were conducted using R
(R Core Team, 2022), whereas the second model was compiled using Mplus 8.6
(Muthén & Muthén, 2020). The descriptive statistics used to address the fourth
research question were the mean situational interest levels at each measurement
occasion. These captured the development across groups and modules rather than
individual trajectories.

3.5. Validity and reliability

The number of items is likely the most contested topic of discussion regarding
measurement. Due to its relatively intense nature, studies implementing the ESM
often utilise single-item scales for the constructs of interest to minimise the par-
ticipants’ burden (Eisele et al., 2022). Renninger and Hidi (2011) noted that using
single-item measures provides a basis for classifying interest relative to others
(p- 176). However, in a later study, Renninger and Hidi (2015a) criticised scales
consisting of only a few items for their inability to cover the many dimensions of
interest, while others (Gogol et al., 2014; Hektner et al., 2007; Zirkel et al., 2015)
defended them because they minimise disruption. Single-item scales are also in
a difficult position regarding reliability and validity. Of the two, validity presents
fewer problems, and the validity of a single item can be assessed through its cor-
relation with other ESM and non-ESM items (Shrout & Lane, 2012). In addition,
J. Song et al. (2023) found that single items can demonstrate adequate validity
comparable to multi-item scales when they are carefully designed.

In ESM studies, reliability is conceptualised differently from traditional ques-
tionnaires that rely on multiple items per construct. Csikszentmihalyi and Larson
(1987) have argued that the goal of ESM is to measure variability over time
and within persons and thus, stability in the responses would defeat its purpose.
Because ESM focuses on dynamic states rather than stable traits, reliability is
evaluated at the withinperson level, not through internal consistency (Nezlek,
2017). However, many of the methods proposed to assess the within-person re-
liability assume that multiple items are used to measure a construct, and there is
no widely accepted method for determining the reliability of single-item scales
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(Eisele et al., 2021). Addressing this issue, Dejonckheere et al. (2022) investi-
gated the use of single-item measures in ESM studies and the measurement error
associated with them from a Classical Test Theory (CTT) perspective. Within
this framework, reliability refers to the extent to which repeated assessments
under comparable conditions yield consistent scores, while measurement error
denotes random or systematic deviations of observed ratings from the underlying
true score. The cause of these errors is said to be environmental factors out of
the researchers’ control. While noting that the measurement errors of the tested
single-item measures were not trivial and should not be ignored, they also empha-
sised that such errors cannot easily be generalised to other single-item measures.
Eisele et al. (2025) recently published an assessment tool that could be used to
evaluate the quality of ESM items. Since methods for assessing the reliability of
single-item ESM scales are still in their infancy, none of the studies in this thesis
implemented any of the recommended approaches. However, since the focus of
this thesis is on instructional activities, the items in all of the studies were worded
to specifically refer to the activity at hand. This narrow wording reduces possible
confusion and misinterpretation, therefore minimising measurement error as well.
The validity of the items was assessed by utilising correlation analyses.

3.6. Description of the teaching modules

Study 1 took place in Estonia in the spring of 2022. The teaching module of this
study focused on making sense of oscillations and followed the Estonian national
curriculum. We chose this topic because it is often neglected by teachers in Esto-
nia and offered numerous opportunities for students to conduct experiments. The
driving question of the module was “Why is there a 660-tonne pendulum inside
a skyscraper in Taipei?”, which was the rich phenomenon to be explored. The
core ideas of this module were “Forces and motion”, “Types of interactions” and
“Relationship between energy and forces” The module began with a short intro-
duction of period and frequency, during which I established the need-to-know for
further activities. This was followed by putting the knowledge to use, which was
accomplished by experimenting, calculating, and answering the worksheet ques-
tions in small groups. The lesson plan, core ideas, and science and engineering
practices can be seen in Appendix A.

Study 2 took place in the spring of 2023 and had many similarities with the
first study. The modules of this study focused on two important topics of thermo-
dynamics: the transfer of thermal energy between bodies when their temperatures
change and when their states of matter change. The driving questions of the mod-
ules were “Is a wooden house warmer during summer and colder during winter
than a concrete house?” and “Can we heat a room by making ice cream?”. The
core ideas of these modules were “Definitions of energy” and “Conservation of
energy and energy transfer”. I intentionally designed the two modules to be sim-
ilar to allow for comparison of the instructional activities. Both started with a
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driving question, followed by learning the theory behind the phenomena that were
going to be studied later on. At the end of both modules, students had a task that
required calculating and an experiment for which they set hypotheses and later
drew conclusions from. The teaching modules had the same length and format
as the module designed for Study 1. A detailed description can be found in the
appendix of Article II.

The teaching module of Study 3, designed as part of a collaboration between
the participating teachers and researchers from the University of Helsinki, focused
on the physics of climate change and followed the Finnish national curriculum.
This collaborative approach was chosen because many science and physics teach-
ers struggle with climate change topics and are unaware of suitable teaching
methods (Feinstein & Kirchgasler, 2015; Stratton et al., 2015). At the same time,
involving teachers gave the researchers a more accurate idea of what is viable to
include in the module. The driving question of the module was “How can I sup-
port the city of Helsinki’s carbon neutrality goal for 2030?”, which was approved
by the teachers as a rich phenomenon for the students to explore. The core ideas of
the module were “Human impacts on Earth systems”, “Global climate change”,
“Weather and climate”, “Natural resources”, and “Conservation of energy and
energy transfer” (National Research Council, 2012). More specifically, the top-
ics connected to these core ideas were the greenhouse effect, climate change
mitigation, energy transformation in power plants, the production of waste, and
recycling. Each lesson focused on one aspect of climate change. At the end
of the module, the students had to create a concluding report about what they
had learned, for which they were graded. The lesson plans are presented in the
appendix of Article III. The teaching module was piloted in 2022 and 2023. Al-
though I neither designed nor taught the materials in Study 3, I reviewed them and
discussed their implementation with a participating teacher.

3.7. Ethical considerations

In all three studies, participating students were asked for their consent before-
hand, and everyone had the option to opt out of the study without any negative
consequences. Students could choose not to answer the questionnaires but still
participate in the lessons like everyone else. The anonymity of the students was
ensured because they used devices provided by us and not their personal devices,
and only the gender and grade of the students were asked, which cannot be linked
to any specific person. No sensitive data was collected from the students. The
possible mental strain caused by the study was kept at a minimum by the short-
ness of the questionnaires. The first two studies did not need approval from an
ethics board, although we acquired permission for the first study as a precaution.
The project of Study 3 was approved by an ethics board, and the ethics declaration
can be seen at the end of Article III.
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4. RESULTS
4.1. Background variables (RQ 1)

The Mann-Whitney U-tests revealed no gender or grade differences in situational
interest in Study 1, and only one occasion in Study 2 where ninth-grade stu-
dents were more interested than eighth-grade students (p = .03). This occurred
in Module 1 Occasion 3 during experiment-related activities. Occasions refer to
the moments the students answered the ESM questionnaires. Although no gender
differences emerged for situational interest, Study 2 Module 1 Occasions 1 and 2
showed differences in the perceived relevance (p = .03), favouring girls.

Table 8. Multilevel model of situational interest in Study 1

Predictors B SE 95% CI

Intercept (ref=idle) 1.24%*% (0,29  [0.53, 1.95]
Individual interest 0.56*** (.08 [0.40, 0.72]
Act: listening 0.41 0.26 [-0.10, 0.92]
Act: experimenting 0.60*  0.25 [0.11, 1.10]
Act: other 0.15 0.31 [-0.46,0.76]
Act: watching a video 0.42 0.27 [-0.12,0.95]

Act: answering worksheet questions 0.45 0.29 [-0.11, 1.01]
Random effects

c? .66
T00 id 35
T00 group .05
ICC .38
Nid 144
Ngroup 10
Observations 345
Marginal R?/ 189/
Conditional R? 496

Note. Typjq refers to the between-student variance and T group to the between-

group variance. The 62 indicates the within-student variance.
***p <.001, **p < .01, *p < .05

The Kendall’s Tau correlation analysis showed that the perceived relevance of
physics in general was not significantly correlated with any situational interest
measure in Study 2, with one exception. The exception was Module 2 Occa-
sion 3, where there was a weak correlation between the two variables (7 = .16;
p = .049). This occasion coincided with the lowest mean situational interest
recorded in Study 2. At that point, the perceived relevance of the activity was
strongly associated with situational interest, and its correlation with the relevance
of physics in general was both significant and moderate. The relevance of physics
in general was correlated to individual interest in both modules, and the correla-
tions were moderate (T = .38 and .30; p < .001 for both). It was also correlated
to the relevance of the activity in the first two occasions of Module 1 (7 = .17 and
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.20; p = .04 and .01) and the first three occasions of Module 2 (7 = .31, .22 and
.26; p < .001 for all three).

Table 9. Occasion-specific regression models for situational interest in Study 1

Predictors B SE 95% CI
Occasion 1
Intercept 1.84% %% [1.07, 2.61]
Individual int. 0.46%%** [0.24, 0.69]
Model summary
Observations 124
R?/ 122/
R? adjusted 114
Occasion 2
Intercept 0.79* [0.08, 1.50]
Individual int. 0.27* [0.06, 0.49]
Previous sit. int.  0.55%%%* [0.39, 0.71]
Model summary
Observations 110
R?/ 434/
R? adjusted 424
Occasion 3
Intercept 0.57 [-0.26, 1.40]
Individual int. 0.60%** [0.34, 0.86]
Previous sit. int.  0.31%%* [0.11, 0.51]
Model summary
Observations 103
R?/ 369/
R? adjusted 356

Note. ***¥p < 001, **p < .01, *p < .05

In contrast to the other background variables, individual interest was associated
with situational interest on several occasions. Both the multilevel model (Table 8)
and the occasion-specific models (Table 9) in Study 1 showed individual interest
as a significant predictor. In the tables, I refer to the variables as predictors, but 1
do not imply a strong causal connection. In Study 2, the multilevel models (Ta-
ble 10) showed that individual interest was associated with situational interest in
Module 2, but not in Module 1. However, the occasion-specific models (Table 11)
showed the same association only for Occasions 1 and 4 in Module 2. The signif-
icance of the association between individual and situational interest appeared to
be connected to experiment-related activities and inversely related to goodness of
fit for the occasion-specific models. Despite that, a correlation analysis showed
that the link between individual interest and goodness of fit was insignificant, and
a multilevel model including an interaction term between instructional activities
and individual interest did not reveal a significant relationship.

Kendall’s Tau correlation coefficients between individual and situational inter-
est in Study 1 were all significant and moderate (7 = .30, 7» = .35, 73 = 41,
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p < .001; Schober et al., 2018). In Study 2, the correlations were significant only
in Module 1 Occasion 3, but in Module 2 Occasions 1 and 2, the correlations were
either weak or moderate (7t = .18, p = .04; T = .21, p = .01; T = .28, p < .001,
respectively).

Table 10. Multilevel models of situational interest in Study 2

Module 1 Module 2
Predictors B SE 95% CI B SE 95% CI
Intercept 2.04%*x% (0,31 [1.43,2.65] 1.17*** 030 [0.59,1.76]
(ref=Idle)
Individual 0.05 0.06 [-0.06,0.17] 0.24*** 0.06 [0.12, 0.35]
interest

Relevance of 0.40*** 0.04 [0.32,0.48] 0.33*** 0.04 [0.25,0.41]
the activity

Act: Exp 0.72*** 0.16 [0.42,1.03] 1.20*%** 0.16 [0.88, 1.52]
Act: T-S int 0.43** 0.15 [0.14,0.71] 0.52** 0.16 [0.20, 0.84]
Act: Calc 0.54** 0.20 [0.16, 0.93] 0.23 0.19 [-0.15,0.61]
Act: Solve 0.20 0.15 [-0.10,0.51] 0.53** 0.18 [0.18, 0.87]
Random effects

o? 46 .63

T00 id 15 .08

T00 school .03 .06

ICC 28 18

Nig 118 116

Nschool 7 7

Observations 417 449

Marginal R?/ 236/ 317/

Conditional R? 453 438

Note. **%p < 001, *p < 01, *p < .05

4.2. Situational variables (RQ 2)

I'measured the effect of instructional activities on situational interest mainly through
ANOVA and Tukey’s test, but the results were also confirmed by the multilevel
models to some extent. The reference category in all of the multilevel models was
“not engaging in instructional activities”, indicated by ref=Idle in the tables. In
Study 1, the mean levels of situational interest for the instructional activities did
not differ statistically. However, both experimenting and listening were rated as
significantly more interesting than not engaging in instructional activities. The
multilevel model (Table 10) partially confirmed this, since listening was not sig-
nificantly different from not engaging in instructional activities in the model.

In Study 2, the differences between the activities were the most definite. The
results from Tukey’s test (see Table 3 in Article II) revealed that 60% of the ac-
tivity pairs differed significantly in terms of situational interest; effect sizes were
often medium or large (Cohen’s d > .5 or d > .8, respectively; Cohen, 1992).
However, this included not engaging in any activity, and pairs containing this
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option constituted half of the mentioned pairs. Furthermore, the pairs differed
significantly in the two modules. In Module 1, the other instructional activities
were significantly more interesting than not being engaged or solving worksheet
problems, but there were insignificant differences between them. In Module 2, not
being engaged was still the least interesting, but experiment-related activities were
clearly more interesting than any other activity. This result was also confirmed by
the multilevel models (Table 10).

Table 11. Occasion-specific regression models for situational interest in Study 2

Module 1 Module 2

Predictors B SE 95% CI B SE 95% CI

Occasion 1
Intercept 2.87*%*%% 047 [1.94,3.80] 2.35%* (042 [1.50,3.19]
Perceived rel. 0.17 0.09 [0.00, 0.35] 0.16* 0.08 [0.00, 0.32]
Individual int. 0.15 0.10 [-0.05,0.35] 0.24** 0.09 [0.06, 0.42]
Model summary
Observations 86 116
R?/ .080/ .100/
R? adjusted 057 084

Occasion 2
Intercept 0.78 0.57 [-0.34,1.91] -0.06 0.48 [-1.01, 0.90]

Perceived rel. 0.57*%** 0.10 [0.38,0.76] 0.34*** 0.09 [0.17, 0.51]
Previous sit. int ~ 0.31**  0.10 [0.11,0.52] 0.51** 0.10 [0.31,0.71]

Individual int. -0.03 0.10 [-0.22,0.17] 0.13 0.10 [-0.07,0.34]
Model summary
Observations 86 116
R?/ 387/ 402/
R? adjusted 365 386
Occasion 3
Intercept 1.41% 0.55 [0.32,2.50] 1.04%* 0.49 [0.06, 2.01]

Perceived rel. 0.35*** 0.08 [0.19,0.51] 0.54*** 0.10 [0.33,0.75]
Previous sit. int. ~ 0.22**  0.09  [0.04, 0.39] 0.16 0.08 [-0.01, 0.32]

Individual int. 0.18 0.09  [0.00, 0.36] -0.02 0.10 [-0.23,0.19]
Model summary
Observations 90 109
R?/ 267/ 280/
R? adjusted 242 260
Occasion 4
Intercept -0.09 0.55 [-1.19,1.017 3.12*** 037 [2.39, 3.85]

Perceived rel. 0.46%** 0.09 [0.29,0.63] 0.22¥* 0.05 [0.12,0.33]
Previous sit. int.  0.48*** 0.10  [0.28, 0.69] 0.03 0.06 [-0.09, 0.15]

Individual int. 0.10 0.09 [-0.09,0.30] 0.15* 0.07 [0.01,0.28]
Model summary

Observations 78 105

R%/ 489/ 193/

R? adjusted 468 169

Note. **#*¥p < .001, **p < .01, *p < .05
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In Study 3, the multilevel model including the covariance of interest and ef-
fort (see Table 1 in Article III) showed that three instructional activities had a
significant effect on situational interest. However, this analysis was run with the
initial data, where each student could report multiple activities per measure. The
ANOVA conducted on data where only a single activity had been reported (1737
out of 2253 data points) did not reveal any significant differences in situational in-
terest when used for the whole module, but it did reveal one difference in Lesson 5
when comparing the activities within lessons. The significant difference was seen
between brainstorming and following the teacher’s presentation with the former
being more interesting (Cohen’s d = .79, p = .02). Instructional activities had a
more significant effect on perceived levels of effort and challenge. As a result, I
did not include instructional activities in subsequent models of situational interest
because, according to the Akaike information criterion, the models would have
been worse with them included.

Table 12. Multilevel model of situational interest in Study 3

Predictors B SE 95% CI
Intercept 1.05**%* 0,11 [0.83, 1.27]
Challenge 0.07#** 0.02 [0.03,0.11]
Effort 0.12*** 0.02 [0.12, 0.20]
Skills 0.46*** 0.02 [0.42,0.50]
Random effects

o’ 51

T00 id 22

T00 group .03

T00 lesson 01

ICC .34

Nig 206

Ngroup 9

Nlcsson 5

Observations 1737

Marginal R?/ 312/

Conditional RZ  /.543
Note. *¥¥p < 001, **p < .01, *p < .05

Except for Occasion 1 Module 1, the perceived relevance of the instructional
activity was associated with situational interest (see Table 11). Still, its signifi-
cance in the module was lower in Occasion 1 Module 2. The data collected about
the perceived dimensions of relevance explained how the activities were consid-
ered relevant. The analysis showed that the vocational dimension was the least
chosen option, with the most chosen option alternating between the individual
and the societal dimensions (see Table 4 in Article II). The individual dimension
was more frequently reported during Module 1 Occasion 2 and Module 2 Occa-
sion 4, whereas the societal dimension dominated during Module 1 Occasion 4
and the first three occasions of Module 2. The correlation analyses showed that
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situational interest was significantly correlated to perceived relevance on all oc-
casions; correlation coefficients ranged from 7 = .24 to T = .50 in Module 1 and
from 7 = .19 to T = .47 in Module 2.

Table 13. Occasion-specific regression models for situational interest in Study 3

Occasion 1 Occasion 2 Occasion 3
Predictors B SE 95% CI SE 95% CI SE 95% CI
Lesson 1
(Intercept) 1.19**% 0.31 [0.59, 1.79] 0.32 0.31 [-0.30, 0.93] 0.14 0.26  [-0.38, 0.66]
Effort 0.29***% 0.07 [0.14, 0.43] 0.17*  0.08 [0.02,0.33] 0.15*  0.07 [0.00, 0.30]
Skills 0.42%#% 0.07 [0.28,0.56] 0.34*** 0.07 [0.20,0.48] 0.33%+ 0.06 [0.20, 0.46]
Challenge 0.01 0.08 [-0.14,0.16] 0.18*% 0.08 [0.03,0.34] 0.09 0.07 [-0.05, 0.24]
Pr. sit. int. - - - 0.33**% 0.08 [0.16,0.49] 0.47*%* 0.07 [0.33,0.62]
Obs. 140 117 118
R?/ 297/ 451/ .604/
R? adjusted ~ .282 432 .590
Lesson 2
(Intercept) 0.58*  0.29 [0.01, 1.15] 0.26 0.27 [-0.27,0.79] 0.09 0.30 [-0.50, 0.69]
Effort -0.04 0.08 [-0.21, 0.13] 0.15 0.08 [-0.01,0.31]  0.19*  0.09 [0.02,0.36]
Skills 0.58***% 0.07 [0.44,0.73] 0.40*%** 0.07 [0.27,0.54] 0.29*** 0.08 [0.13,0.45]
Challenge 0.33%#% 0.08 [0.16, 0.49] -0.01 0.07 [-0.15,0.12] 0.06 0.09 [-0.12,0.24]
Pr. sit. int. - - - 0.41**# 0.07 [0.28,0.55] 0.46*** 0.08 [0.30,0.62]
Obs. 132 103 99
R?/ 379/ .588/ 558/
R? adjusted .365 571 .539
Lesson 3
(Intercept) 0.45 0.29 [-0.13,1.02] 0.14 0.30 [-0.46, 0.74] 0.13 0.30 [-0.48,0.73]
Effort 0.18 0.09 [-0.00, 0.36] 0.12 0.09 [-0.06,0.29] 0.26** 0.09 [0.08,0.44]
Skills 0.57**% 0.07 [0.43,0.70] 0.31*%** 0.09 [0.14,0.49] 0.57*** 0.08 [0.40,0.73]

Challenge 0.15 0.09 [-0.02,0.33] 0.16%  0.08 [0.00,0.32] 0.01 0.09 [-0.17,0.19]

Pr. sit. int. - - 0.44%% 009 [0.26,0.62] 0.21* 0.08 [0.04,0.37]
Obs. 127 97 76
R%/ 402/ 538/ 652/
R? adjusted ~ .387 518 633
Lesson 4
(Intercept) 057 030 [-0.03,1.16] 020 032 [-0.44,0.83] 030 044 [-0.59,1.18]
Effort 0.26%%  0.09 [0.08,0.44] 030%* 0.08 [0.14,047] -0.05 0.11 [-0.26,0.16]
Skills 0.52%% 009 [0.35,0.69] 0.31* 0.09 [0.13,0.49] 0.55% 0.11 [0.34,0.76]
Challenge 0.09 008 [-0.08,025] 0.1 008 [-0.05028  0.15 0.1 [-0.06,0.37]
Pr. sit. int. - - - 0.27*#% 0.10 [0.08,0.46] 0.28** 0.10 [0.07,0.48]
Obs. 109 78 66
R%/ 438/ 5571 512/
R? adjusted 422 533 480
Lesson 5
(Intercept) 001 032 [-061,0.64] -0.03 049 [-1.02,096] 0.57 046 [-0.36,1.49)
Effort 0.24*  0.10 [0.04,044]  -0.04 0.2 [-029,021] 036* 0.14 [0.07,0.65]
Skills 0.58*% 008 [041,0.75] 0.42* 0.14 [0.14,0.71]  0.33* 0.13 [0.06, 0.59]
Challenge 0.15 009 [-0.03,033] 0.1 011 [-0.11,033] -0.16 0.11 [-0.38,0.06]
Pr. sit. int. - - - 0.60%** 0.14  [0.33,0.87] 022 0.1 [-0.01,0.45]
Obs. 101 43 42
R?/ 461/ .593/ .520/
R? adjusted  .444 550 468

Note. ¥**¥p <001, **p < .01, *p < .05
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Of the three new concepts examined in Study 3, challenge was the least associ-
ated with interest. While challenge was associated with situational interest in the
multilevel model (Table 12), in the occasion-specific models (Table 13), there was
a weak association on only three of the 15 occasions. There was no clear trend
for how challenge developed. Effort had a stronger association with situational
interest than challenge in the multilevel model and was associated with situational
interest on nine of the 15 occasions. In most cases, the association was weaker
than that between other variables and situational interest. Except for Lesson 1, the
mean values of effort changed little during Occasions 1 and 2 but increased during
Occasion 3. The strongest association was between skills and situational interest
in both the multilevel models and the occasion-specific models. Like challenge,
there was no clear trend in the development of the mean values of skills.

Correlation analyses showed that challenge was significantly correlated with
situational interest on eight of the 15 occasions, whereas effort and skills were
significantly correlated on all occasions. Correlations were weak (7 =.16to T =
.23) between situational interest and challenge; weak (7 < .26) on four occasions
and moderate (7 < .49) on all other occasions between situational interest and
effort; and moderate on four occasions and strong (7 < .71) on all other occasions
between situational interest and skills.

Table 14. Development of the mean level of situational interest in all studies

Occasion 1 Occasion 2 Occasion 3 Occasion 4
Study 1
3.42[3.24,3.61] 3.63[3.43,3.82] 3.69[3.48, 3.9] -
Study 2
Module 1
4.08 [3.93,4.22] 3.92[3.74,4.10] 4.23[4.06,4.40] 3.98[3.79,4.17]
Module 2
3.83[3.67,3.98] 3.60([3.40,3.80] 3.46[3.28,3.64] 4.66[4.55,4.78]
Study 3
Lesson 1
3.07 [2.91,3.25] 3.19[3.00,3.37] 3.15[2.96,3.34] -
Lesson 2
2.83[2.63,3.02] 2.86[2.67,3.04] 297][2.78,3.16] -
Lesson 3
2.80[2.60,2.99] 2.911[2.72,3.11] 3.02[2.79,3.25] -
Lesson 4
2.901[2.69,3.11] 2.87[2.66,3.09] 2.80[2.60,3.00] -
Lesson 5
2.62[2.40,2.84] 2.75[2.46,3.04] 299][2.75,3.23] -
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4.3. Development of situational interest (RQ 3 and 4)

Subsequent situational interest was associated with the previous values on almost
all occasions in all studies (see the tables of the occasion-specific models). The
only exceptions were Study 2 Module 2 Occasions 3 and 4, and Study 3 Lesson 5
Occasion 3. The development of situational interest during the teaching modules
was described by the occasion-specific models and the mean values of situational
interest for each occasion. I obtained the mean values through descriptive statis-
tics, presented in Table 14. The mean values of interest observed different trends
in all studies. In Study 1, situational interest increased, whereas in Study 2 it de-
creased until the experiment-related activities, at which point it increased again.
In Study 3, the level of situational interest showed no clear trend. There was a sig-
nificant difference between the means of Occasions 1 and 3 in Study 1. In Study
2 Module 2, only the means of Occasions 2 and 3 were not significantly differ-
ent. In Study 2 Module 1, and all lessons of Study 3, the means did not differ
significantly.
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5. DISCUSSION

The conducted analyses implied that individual interest was the only background
variable, which was relatively consistently related to situational interest (RQ 1).
The effect of instructional activities on situational interest was modest compared
to the effects of the learner characteristics measured in tandem with the activ-
ities. Of these learner characteristics, challenge was the least associated with
situational interest. Relevance and effort were associated with situational interest
on most occasions, and skills on all occasions (RQ 2). Previous situational inter-
est influenced subsequent levels across nearly all measurement occasions (RQ 3).
The mean levels of situational interest observed different trends in all the studies:
growth in Study 1, decline interrupted by experiment-related activities in Study 2,
and fluctuation in Study 3 (RQ 4).

5.1. Associations between background variables and
situational interest

Our findings suggest that Estonian students do not exhibit an interest-related gen-
der gap, as reported in other studies (Carrefio et al., 2022; Héaussler et al., 1998;
Hoffmann, 2002). This aligns with the PISA 2015 report (OECD, 2016), which
showed no significant gender differences in students’ enjoyment of learning sci-
ence in Estonia and Finland, in contrast to larger disparities in countries such as
Germany, the UK, and the US. While situational interest did not differ by gender,
the finding that girls reported higher perceived relevance at specific points in a
teaching module invites closer consideration. The first occasion is unlikely to be
explained by exposure to specific content, as it emerged early in the module. The
second occasion, however, emerged when emphasising the real-world applica-
tions of specific heat capacity in detecting cancer—an example aligned with earlier
findings that girls are more drawn to topics related to medicine (Baram-Tsabari &
Yarden, 2008; Christidou, 2006).

The absence of notable grade-level differences in situational interest is con-
sistent with two possible explanations. First, the decline in interest is more pro-
nounced across larger age gaps (e.g. sixth versus ninth grade) than between the
eighth and ninth grades examined here (Potvin & Hasni, 2014b; Steidtmann et
al., 2023). Second, the teaching module topics in both studies were likely novel
to students in both grades (D. Palmer et al., 2016): oscillations are often omit-
ted or superficially covered in eighth-grade physics due to time constraints, and
most ninth-grade participants in Study 2 had not yet encountered the thermody-
namics content presented. In the only case in which ninth-grade students showed
higher situational interest, the experiment involved was more labour- and thought-
intensive than other instructional activities. For these students, the activity may
have been more relevant, being more clearly connected to their current curricu-
lum, whereas eighth-grade students may have viewed it as less relevant given that
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the topic would not be addressed that year (Eccles & Wigfield, 2002). This in-
terpretation points to perceived relevance as a potential explanatory factor rather
than an independent effect.

The absence of a consistent association between situational interest and the
perceived relevance of physics in general could imply that students who do not
perceive physics to be relevant can still be situationally interested in physics
lessons. From a theoretical perspective, perceiving physics as relevant may sup-
port the development of individual interest and the perception that activities in
physics lessons are relevant (Priniski et al., 2018). However, the direction of this
relationship cannot be inferred from my study design.

It is unsurprising that individual interest was associated with situational inter-
est, given their theoretical connection (Hidi & Renninger, 2006) and the findings
of previous studies (Harackiewicz et al., 2008; Tsai et al., 2008). The results
here, however, are only partly consistent with previous results, which found that
individual interest predicts situational interest at the start of a lesson and in the
absence of a situationally arousing event (Rotgans & Schmidt, 2018). Like with
the absence of grade-level differences, it is possible that the novelty of the situa-
tion (a different teacher, participating in a study, using tablets) had such an effect
on students that their differences in levels of individual interest were insignificant.
The instability of early estimates may also reflect this heightened novelty. In ad-
dition to novelty, other unmeasured variables, such as autonomy or self-efficacy,
may have had a stronger association with situational interest, potentially reducing
the effect of individual interest if included.

Still, reconciling my results with the second finding of Rotgans and Schmidt is
difficult, as I expect that experiment-related activities were the most situationally
arousing activities students could engage in. Although a consistent association
between individual interest and experiment-related activities was not confirmed,
it is plausible that students with higher individual interest in physics have had
more positive prior experiences with experiments, making them more engaged in
subsequent ones. Prior research suggests that students with more experience in
experiment-related activities often report higher interest in them (Holstermann et
al., 2010), though this was not true for all the studied activities. Similarly, parents
of children with a strong interest in science have suggested that this interest often
stems from conducting experiments (D. Cheung, 2018).

5.2. The complex nature of instructional activities

The findings concerning instructional activities are challenging to interpret. It ap-
pears that the effect of instructional activities is minor compared to the situation-
specific learner characteristics, while many studies have found that instructional
activities can influence situational interest (Logan & Skamp, 2013; D. Palmer et
al., 2017; Renninger et al., 2019). The samples were not large enough to detect
very small effects, suggesting that any such differences were modest. This does
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not mean that the choice of activity is irrelevant; rather, the studies’ contexts need
closer examination.

In Study 1, students worked within a relatively uniform instructional setting
in which experiments, listening, and answering worksheet questions were closely
intertwined. Although these were different activities, the overall setting hardly
changed. Thus, it makes sense that the only clear difference was between engag-
ing and not engaging in instructional activities. Disengagement was more likely
linked to factors such as low relevance (Kotkas et al., 2016; Zayac et al., 2021) or
low challenge (van Tilburg & Igou, 2012) than to the activity type.

In Study 2, the modules had clearer sections of theory, calculations, and ex-
perimenting. The lower situational interest associated with solving worksheet
problems in Module 1 is less straightforward to explain. This was a recurring
activity, and students may have experienced too much of it at once and too little
variance in the problems (D. Palmer, 2009). Meanwhile, the experiment-related
activities of Module 2 are easy to explain, since they were in stark contrast to
the rest of the module. The experiment used novel instruments, was very inter-
active and provided a reward, (frozen juice) at the end; qualities associated with
increased interest (Guo & Fryer, 2025; Renninger et al., 2019). Given the contrast
between the experiment and the previous instructional activities, it would have
been surprising if the experiment did not stand out.

The climate change module resembled Study 1’s oscillations module, as ac-
tivities were often intertwined rather than strictly sequential. Such overlap may
have diluted measurable differences in interest. Nevertheless, students appeared
capable of distinguishing among activities, as reflected in differences in perceived
effort and challenge. A similar pattern was observed in Study 1, where the ac-
tivities varied, but the lesson setting changed little. Although the overall setting
remained relatively stable in Study 2, thermodynamics and atomic-level phenom-
ena are considerably more abstract and less familiar than pendulums or climate
change (Kesidou & Duit, 1993), which may have made the sections feel more dis-
tinct. The only clearly differentiated activity contrast in Study 3 can be explained
similarly to the experiment-related effect in Study 2 Module 2: the contrast be-
tween the activities was stark, reflecting a shift in setting from a teacher-led
discussion to complete student autonomy (Renninger et al., 2019).

In conclusion, it appears that choosing a specific instructional activity with the
goal of increasing students’ situational interest may not be a particularly effective
strategy. Rather, instructional activities appear to function as the means through
which interest is connected to learner characteristics and through which the stu-
dents experience the content and context of the learning material. Thus, it may be
more beneficial for teachers to focus on refining the activities they already use in
lessons: enhancing their relevance and making them appropriately challenging for
the students. At the same time, varying instructional activities remains important
for maintaining students’ situational interest and helping it develop into individual
interest (Mirlohi & Herman, 2024; D. Palmer, 2009; Tan et al., 2023).
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5.3. The effect of situation-specific learner characteristics

It appears that the perceived relevance of an activity might not be as important as
the other learner characteristics in supporting situational interest at the beginnings
of teaching modules. However, to confirm this hypothesis, perceived relevance
should be measured in tandem with the other characteristics, as well as other
possible factors such as novelty and autonomy. In addition to the modules’ be-
ginnings, one situation stood out from the others during the teaching modules
that merits discussion: Module 2 Occasion 3. There was a strong association
between perceived relevance and situational interest, but the content on this occa-
sion seemed to offer limited affective stimulation (Renninger & Hidi, 2011). The
learning tasks on this occasion relied primarily on definitions, explanations, and
straightforward calculations, lacking the visual or conceptual elements present
earlier in the module. In this context, perceived relevance appeared to primarily
support the value component of situational interest (Krapp, 1993). This illustrates
the value of a core feature of coherent science instruction: establishing a need-to-
know (Hanuscin et al., 2016). Many essential aspects of science cannot be made
engaging through visuals or narrative, yet they are critical for future learning.
Making their importance clear can maintain student engagement until the learn-
ing goals are achieved. Overall, the association between situational interest and
perceived relevance was in line with previous findings (Linnenbrink-Garcia et al.,
2013; Priniski et al., 2018; Renninger et al., 2019). Still, due to the considerable
overlap of interest and relevance (Renninger & Hidi, 2011; Stuckey et al., 2013)
and the single-item approach of the study, it cannot be ruled out that if situational
interest had been operationalised as a compound construct consisting of separate
items for the affect, knowledge and value components, as suggested by Potvin et
al. (2022), the association with perceived relevance would have been diminished.

The few occasions where challenge was associated with situational interest
were characterised by teacher-guided structures and relatively limited task de-
mands. These situations may have differentiated students more in their experience
of challenge, with some students possibly perceiving too little of it (Tan et al.,
2023). However, these occasions did not otherwise differ systematically from the
remaining lessons, limiting stronger conclusions. Abuhamdeh and Csikszentmi-
halyi (2011) hypothesised that the significance of challenge might not be detected
if the full range of activities is examined, as we did. It is very possible that we
failed to register any significant influences of challenge due to not meeting some
criteria (Nuutila et al., 2021; Renninger et al., 2019).

No consistent pattern emerged that would explain the occasions where effort
was not associated with situational interest. Although increases in effort coincided
with higher situational interest in some lessons, this pattern was not replicated
consistently across modules. One possible explanation is that the relation be-
tween situational interest and effort-by-allocation is non-linear, although this is an
assumption given the lack of evidence. In addition, it should be kept in mind that
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while I included effort in the models as a predictor of interest, a causal relation-
ship cannot be inferred (J. Song et al., 2019). Still, understanding how situational
interest and effort allocation affect each other is valuable for both teachers and
researchers (Dietrich et al., 2017).

Across the teaching modules, perceived skills showed a strong and consis-
tent association with situational interest. However, I did not specifically compare
the interest levels of students with high perceived skills versus low perceived
skills. While on the majority of occasions, the significance of skills was very
high, one occasion showed a weaker association, coinciding with the highest per-
ceived challenge level in the module. This pattern raises the possibility that some
students may have entered a state of flow, in which linear relations between skills,
prior interest, and situational interest may no longer apply (Bricteux et al., 2017;
Schneider et al., 2016). To test this hypothesis, time-series models could be used
to better analyse how situational interest, challenge, and skills change over time
and when the skills—challenge balance is appropriate for the emergence of flow.
Overall, these findings extend earlier work by suggesting that the skills-interest
relationship may be continuous across classroom situations, rather than being lim-
ited to specific moments (Chen & Darst, 2002; Lee et al., 2023). In addition, the
observed relationship suggests that skills should be taken into account in future
studies focusing on situational interest.

5.4. Previous situational interest and its development

The association between previous and subsequent situational interest is consistent
with previous findings (Rotgans & Schmidt, 2011a). The exceptions observed at
the end of Studies 2 and 3 may be explained by their distinct nature. In these
situations, heightened autonomy and novelty may have been sufficient to elevate
situational interest regardless of its prior level (Renninger et al., 2019). In contrast,
the third exception observed in Study 2 suggests a different mechanism: students
felt interested only when they perceived the activity to be relevant, despite pre-
vious interest levels. Taken together, these occasions may represent affective or
value-related extremes that temporarily disrupt the otherwise stable dependence
of situational interest at its prior level.

Regarding the development of situational interest, the results of Study 2 were
most in line with previous findings (Rotgans & Schmidt, 2017b), whereas the
results of Studies 1 and 3 conflicted with them. It is possible that the teaching
modules in those studies managed to consistently maintain the situational interest
of the students, whereas Study 2 did not (Renninger & Hidi, 2011). This sug-
gests that situational interest may be more stable across lessons when instructional
activities are perceived as coherent, and more variable when students encounter
sharper contrasts between activities. However, these trends do not reflect devel-
opment at the individual level, which may differ considerably from the general
patterns.
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6. CONCLUSION

The aim of my thesis was to examine how the factors that teachers can influence
are associated with situational interest in physics classrooms. To address this,
three studies were designed within the framework of coherent science instruction,
using the experience sampling method with lower and upper secondary students in
Estonia and Finland. The aim was divided into four research questions, focusing
on background and situational learner characteristics, instructional activities, the
dependence of subsequent situational interest on previous levels of it, and the
development of situational interest.

Studies 1 and 2 showed that gender, grade, and the perceived relevance of
physics as a subject had little, if any, association with Estonian students’ situa-
tional interest in physics lessons, whereas individual interest was associated with
situational interest in numerous situations. The insignificance of gender aligned
with PISA findings, the effects of grade could be explained by novelty, and the
weak role of perceived relevance of physics in general is explained by its indirect
connection with situational interest. Unlike previous studies, where individual in-
terest quickly lost its importance once lessons began, it remained influential at the
end of two teaching modules and throughout Study 1. I hypothesised a possible
link between individual interest and experiment-related activities; although not
supported by my data, this has been suggested in other studies.

Findings about instructional activities were mixed: only Study 2 showed con-
sistent differences in situational interest, and strong contrasts such as engaging
versus not engaging yielded some significant differences in Study 1 as well. Over-
all, instructional activities seemed to exert, at most, an indirect influence on sit-
uational interest, though varying them is still important. Challenge was largely
insignificant, likely because the study did not create suitable conditions to detect
an effect. Effort was associated with situational interest on most but not all occa-
sions, hinting at a possible non-linear relationship between effort and situational
interest. Both the perceived relevance of activities and skills were consistently
associated with situational interest. Relevance seemed to be less important at the
beginnings of lessons. Findings on skills echoed earlier studies, but one occa-
sion suggested that skills” association with situational interest may weaken when
students enter a state of flow.

As in previous studies, situational interest was consistently associated with its
previous levels. The few exceptions may reflect occasions where either the affec-
tive or value component of situational interest dominated, which might not follow
the usual developmental pattern during lessons. The development of situational
interest showed a stable or upwards trend in Studies 1 and 3, and a downwards
trend in Study 2 — the only case aligning with earlier findings. Although only a
hypothesis, this could suggest that Studies 1 and 3 were more successful in sus-
taining students’ situational interest across modules.
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6.1. Implications

The theoretical implications of my thesis concern situational interest in class-
room settings. While the link between relevance and interest was already es-
tablished, my thesis adds insights into how effort, challenge, and skills affect
situational interest. The effects of effort and challenge were less clear, but the im-
portance of skills was evident and should be considered in research on situational
interest in science lessons. The development of situational interest in classrooms
has received little attention so far, and my results both support and challenge ear-
lier findings, thereby complementing existing knowledge. I emphasised the role
of previous situational interest in its association with subsequent levels, but also
showed occasions where it has little effect. Moreover, I demonstrated that situa-
tional interest does not necessarily decline as students’ knowledge gaps are filled.
Finally, individual interest should not be seen as important only until students
encounter a sufficiently engaging problem, since it can continue to support situa-
tional interest throughout a lesson.

The practical implications of my thesis relate to the designed teaching mod-
ules. The modules and their structure offered concrete examples of the coherent
science instruction framework in practice: how to establish a need-to-know and
what kinds of rich phenomena can be used for exploration. The modules of Study
2 provided numerous examples of how to make the relevance of topics explicit
through the HIKU sections in the appendix of Article II, which may serve as
inspiration for other teachers. In addition, I showed that some instructional ac-
tivities, such as calculations in Study 2 Module 2, benefit more than others from
being made explicitly relevant, such as the subsequent experiment-related activity.
Since teachers’ time and resources are limited, these findings suggest what should
be prioritised when selecting and designing instructional activities. Both the the-
oretical and practical implications could be of particular use in teacher education,
as teachers in training are likely more susceptible to new ideas than teachers who
already have developed their own way of teaching. The HIKU sections and exam-
ples of coherent science instruction may give novice teachers a concrete starting
point when planning their lessons, while the theoretical implications highlight that
situational interest is shaped by more than the activities themselves.

6.2. Limitations

The studies have a number of limitations regarding the samples and data collec-
tion, limiting generalisability. The samples of Studies 1 and 2 involved students
with various levels of academic achievement and interest in physics, but the pro-
gramme from which we obtained our sample was voluntary and aimed at students
interested in physics. This likely meant that students already interested in physics
were more represented than those who were not. A similar situation occurred with
the sample of Study 3. The Finnish students were from schools known for higher
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academic achievement, and the teachers involved in designing and teaching the
teaching modules were also likely more motivated than the average teacher. In
addition, Estonian and Finnish students are culturally very similar and show sim-
ilar attitudes towards science (OECD, 2016). This was helpful when comparing
the studies, but it also means that results from students in China, Germany, or the
US would probably differ. A small discrepancy between the studies was the age of
the students, which limited comparability. However, this was not a major problem
considering that Studies 1 and 2, involving eighth- and ninth-grade students, took
place in spring, while Study 3, involving tenth-grade students, mostly took place
in autumn. Regarding the development of situational interest, the results should
be interpreted with caution, as comparisons of mean scores across measurement
occasions describe changes in group-level averages rather than within-person de-
velopment.

Some of the methods I used are parametric (ANOVA, Tukey’s test, linear re-
gression), and some are not (Mann-Whitney U-test, Kendall’s Tau correlation).
Likert items are in essence ordinal, meaning that the response levels have a spe-
cific order, but equal distancing between these levels is debatable and depends on
using an odd- or even-numbered scale (Joshi et al., 2015). In a strict sense, non-
parametric methods should be used for ordinal and nominal data, but Norman
(2010) argued that parametric tests are robust against violations of the assump-
tions made about the data used in parametric tests. He states that using either
option is not wrong, but using non-parametric tests leads to a loss of information
due to their overly conservative nature. I also tried using t-tests and Pearson corre-
lation but ended up with largely the same results. Thus, my approach is somewhat
of a mix of the two schools of thought, which is not necessarily a perfect approach
but it was carried over into the following studies. This can be considered as a weak
point of the thesis, although, as stated, it has not led to false positive results but
rather more conservative ones.

The validity and reliability of the instruments were likely the biggest limitation
of my thesis. As Potvin et al. (2022) pointed out, situational interest scales with
one or a few items are unlikely to capture all possible dimensions of situational
interest. The same applies to the other variables. However, the experience sam-
pling method limits how many items can be included to measure the constructs
as close to the situation of interest as possible. It could be argued that adding a
few more items for situational interest would not significantly increase the burden
on respondents. Yet the burden escalates quickly if multiple constructs are mea-
sured simultaneously, as in Study 3. The results showed that including the other
constructs was crucial for identifying what affected situational interest in different
situations. I could assess the validity of my items to some extent through correla-
tions with other variables, but I could not assess their reliability, as the necessary
tools are still being developed (Dejonckheere et al., 2022; Eisele et al., 2025).
These issues should be kept in mind when interpreting the results.
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Future studies on situational interest should aim to include the significant vari-
ables identified in my thesis (previous situational interest, individual interest,
relevance of the activity, challenge, effort, and skills) within a single model to
observe their combined effect. This approach could make some situations that
were otherwise difficult to explain, such as Study 2 Module 2 Occasion 4, easier
to interpret. It could also clarify the beginnings of lessons, since model fit indices
on the first occasions of Study 3 were considerably better than those of Stud-
ies 1 and 2. Coupled with knowledge of the content, context, and instructional
activities used on the measured occasions, such a combined model would have
great potential for describing what is happening in students’ minds during science
lessons. A more precise model would also allow instructional activities to be anal-
ysed in greater detail to determine which components exert the strongest influence
on situational interest or other variables. Finally, studies utilising the experience
sampling method should consider applying the emerging tools for assessing the
reliability of items to strengthen their findings.
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Appendix A. A DETAILED DESCRIPTION OF THE
LEARNING MODULE DESIGNED FOR STUDY 1

Learning outcomes

* Describe and characterise oscillations.

* Explain the difference between the period and frequency of an oscillation.
* Identify which parameters affect the period and frequency of oscillations.
» Use sensors and digital tools to measure periods and frequencies.

* Describe the phenomenon of resonance, its causes, and how to dampen it.

* Apply the knowledge by constructing a model skyscraper with an
earthquake-dampening system.

The description of the core ideas and science and the engineering practices of
the oscillations module are formed according to the module’s learning outcomes.
The form of the core ideas and the practices are described in line with the US
NGSS (National Research Council, 2012).

Core ideas

* Forces and motion: when the past motion of an object exhibits a regular
pattern, future motion can be predicted from it.

* Types of interactions: objects in contact exert forces on each other.

» Relationship between energy and forces: when two objects interact, each
one exerts a force on the other that can cause energy to be transferred to or
from the objects.

* Wave properties: a simple wave has a repeating pattern with a specific
wavelength, frequency, and amplitude.

Science and engineering practices

* Developing and using models: building a model pendulum and a high-rise
building that can be adjusted.

* Planning and carrying out investigations: experiments involving pendu-
lums.

* Analysing and interpreting data: data gathered through manual and digital
measurements.

* Using mathematics and computational thinking: calculating frequency and
assessing how to measure accurately.
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Description

The module enables students to learn about oscillations and their characteristics
through various experiments, in which they can manipulate parameters such as
the mass and the weight of a pendulum. It starts with the driving question and
a teacher-led introduction defining the characteristics, including periodic move-
ment, period, frequency, and amplitude. This knowledge is reinforced by two
simple multiple-choice questions. Next, students are tasked with building a pen-
dulum using the given materials and measuring its period. They are also guided
to consider how best to do this: either by measuring a single oscillation or by
measuring several and dividing by the number of oscillations.

The first ESM questionnaire appears approximately during this task.

After this, they modify the pendulum by adjusting the position of the weight or
using a heavier weight, and compare two pendulums side by side. The idea is for
students to identify which parameters affect the oscillatory period and which do
not. While the previous tasks were done with a stopwatch, the next task involves
using a sensor and a graph displayed on a tablet to measure either the period or
frequency. The aim here is to teach students how to use modern equipment, which
can also be applied in situations too fast for manual measurement.

The second ESM questionnaire appears approximately during this task.

Next, students learn about resonance when they are asked to shake the frames
to which their pendulums are fixed. The goal is to make the pendulum complete a
full circular trajectory and to find a strategy for achieving this. Students should see
that moving the frame with the same frequency as the pendulum’s swing causes
it to resonate and increase in amplitude. The effect is explained by the teacher,
who also shows a short video of a real-life scenario where a newly constructed
bridge was destroyed by wind-induced resonance. The topic is then directed to-
wards earthquakes, and students briefly consider the effects of earthquakes on tall
buildings such as skyscrapers.

This is approximately the time when the third ESM questionnaire appears.

At the end of the module, students build a model high-rise building and test
how its height affects its resonant frequency. Finally, returning to the driving
question, students apply the knowledge they have acquired to attach a pendulum
to their model building and adjust it so that when it is shaken by the frame (sim-
ulating an earthquake), the pendulum counteracts the shaking and stabilises the
model. The module then concludes.
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SISUKOKKUVOTE

Opilaste situatsioonihuvi seos dppijate omaduste ja
oppetegevustega sidusas filisikahariduses

Sissejuhatus

Opilaste huvi loodusteaduste vastu on viimastel aastakiimnetel kogu maailmas
jarjepidevalt vihenenud (Potvin & Hasni, 2014a). Uuringud on niidanud, et
huvi kahanemine algab pohikooli teises dppeastmes ehk just siis, kui omanda-
takse teadmisi loodusteaduste alustalade kohta (Hidi et al., 2004; Potvin & Hasni,
2014b). Niisugust suundumust on tdheldatud nii loodusteadusi dppivate kui ka
teiste Opilaste puhul (Steidtmann et al., 2023). Huvi on dppimise seisukohalt
oluline, kuna see on seotud teadmiste omandamise, pingutuse ja dpitulemuste ku-
junemisega (Dunlosky et al., 2020; H. Kang et al., 2010; Rotgans & Schmidt,
2011b). Huvi mojutab ka edasisi haridus- ja karjddrivalikuid(Blotnicky et al.,
2018), mis on olulised selliste iileilmsete probleemide seisukohalt, nagu kliima
soojenemine vOi viirusepuhangute haldamine. Nimetatud probleemide lahenda-
mine eeldab loodusteaduste pdhjalikku tundmist, mistdttu on oluline, et vihemalt
osa inimestest oleks loodusteadustest piisavalt huvitatud, valimaks teadlasekarjair
(Kearney, 2016). Samuti on vajalik, et avalikkusel oleks piisav huvi ja mo-
tivatsioon loodusteaduse teemadega kursis olla, tegemaks nendes valdkondades
kaalutletud otsuseid (Cologna et al., 2025).

Huvi vidhenemist on seostatud mitme teguriga. Loodusteadusi peetakse sageli
keerulisemaks ja abstraktsemaks kui teisi 6ppeaineid ning dpilased ei pruugi niha
seoseid koolis dpitava ja tegeliku elu vahel (Christidou, 2011; Logan & Skamp,
2008; Potvin & Hasni, 2014b). Keskne roll huvi toetamisel on dpetajal, kelle pi-
devus, dpetamise kvaliteet ja suhtumine oma ainesse mdjutavad oluliselt dpilaste
huvi kujunemist (M. Keller et al., 2017; Steidtmann et al., 2023). Kui eeldada,
et Opetaja on motiveeritud ja padev, tekib kiisimus, kuidas kavandada dppet6dd
nii, et see toetaks Opilaste huvi. Millised tegevused on dpilastele paraja raskusega
ja kuidas seostada Opitut igapdevaeluga? Nendele ja teistele kiisimustele vasta-
miseks on vaja paremini mdista seda, kuidas huvi tundides kujuneb ja muutub
ning kuidas mdjutavad seda dppijate omadused ja ka dpetamispraktikad. Selline
teadmine vdimaldab Opetajatel kasutada oma aega teadlikumalt, et luua pdnev ja
toetav dpikeskkond.

Minu doktorito6 eesmérk oli selgitada vilja, millised dppijatega seotud oma-
dused ja Opetamispraktikad on seotud dpilaste situatsioonihuviga fiitisikatundides.
Jagasin Oppijatega seotud omadused taust- ja olukorraomadusteks. Taustomadu-
sed olid Opilaste sugu, klass, isiklik huvi ja fiiiisika kui teaduse tajutud relevantsus.
Olukorraomadused olid kidesoleva tegevuse tajutud relevantsus, sellega seotud
viljakutse ja oskused ning see, kui palju oldi valmis konkreetse tegevuse kaigus
pingutama. Opetamispraktikatena uurisin tundides kasutatud Sppetegevusi.
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Minu doktorito6 uurimiskiisimused olid:

1. Kuidas on sugu, klass, isiklik huvi ja fiilisika kui teaduse tajutud relevantsus
seotud Opilaste situatsioonihuviga?

2. Kuidas on dppetegevused, nende tajutud relevantsus ning nendega seotud
pingutus, viljakutse ja oskused seotud Opilaste situatsioonihuviga?

3. Mil méairal ennustab eelnev situatsioonihuvi jargnevat situatsioonihuvi?
4. Kuidas situatsioonihuvi fiitisika dpetamismoodulite jooksul muutub?

Kirjanduse llevaade

Huvi on motivatsiooniga tihedalt seotud nihtus, mida on méératletud kui seost
inimese ja objekti vahel(Krapp, 1993) ning millel on teadmiste, védrtuste ja emot-
sioonidega seotud komponendid. Objektideks vdivad olla tekst, midagi kuuldavat
vOi nihtavat, inimesed voi loomad, keskkond, tegevused voi ka ideed (Renninger
& Hidi, 2015b). Huvi jaguneb situatsioonihuviks, mida mojutavad vilistegurid,
jaisiklikuks huviks, mis tuleneb inimese sisemistest omadustest. Situatsioonihuvi
voib viljenduda huvis sisu, konteksti voi tegevuste vastu (Héussler, 1987). Mdni
tegevus, niditeks katsete tegemine (D. Palmer et al., 2017), soodustab huvi. Teiste
puhul, nagu rithmat6, ei ole seos huviga alati iihesugune (Shubina et al., 2023)
ning moni, nditeks mirkmete tegemine, vOib huvi hoopis vihendada (Logan &
Skamp, 2013). Oma doktoritods keskendusin situatsioonihuvile, kuna dpetajad
saavad seda vilisteguritest sdltuvuse tottu hdlpsamini mdjutada.

Relevantsus on huviga sarnane ja sellega osaliselt kattuv omadus, millel puu-
dub iiheselt mdistetav méiratlus (Priniski et al., 2018). Uhe uuringu kohaselt —
millele toetun ka oma doktoritoos — koosneb relevantsus isiklikust, ithiskondlikust
ja karjéddriga seotud modtmest (Stuckey et al., 2013). Viljakutse on médratluse
jargi iilesande keerukus, mis vastab Opilase oskustele voi veidi iiletab neid (Ful-
mer & Tulis, 2013), ning selle mdju huvile sdltub ootustest ja iilesande omadustest
(Nuutila et al., 2021). Oskusi on kirjeldatud kui kindlate {ilesannete lahendamise
meisterlikkust (Schneider et al., 2016), mis on seotud huvi ja viljakutsega voosei-
sundi kaudu (ingl flow, Csikszentmihalyi, 1990). Huvi ja Gppimise seost vahendab
pingutus (H. Kang et al., 2010), mida saab mdista kolmel viisil: keerukusest
tuleneva vajadusena, lahendamisest tekkiva visimusena voi teadliku panusena
ilesande lahendamiseks (Grund ef al., 2024). Oma doktoritods ldhtusin viima-
sest. Oppetegevused (ingl instructional activities) on dpilaste tegevused (niiteks
katsete tegemine voi arvutusiilesannete lahendamine), mida dpetajad kavandavad
ja juhivad (Vilhunen et al., 2021).

Metoodika

Uuringute dppemoodulite teemad olid vonkumised, soojushulk temperatuuri
muutumisel, soojushulk aine oleku muutumisel ning kliilmamuutused ja energia
kasutamine. Igas uuringus osales umbes 180 vabatahtlikku Opilast, kelle hul-
gas oli vordselt poisse ja tiidrukuid ning kelle huvi fiiiisika vastu oli viga erinev.
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Esimeses kahes uuringus osales kummaski seitse kooli ning mina dpetasin kdiki
osalejaid. Kolmandas uuringus osales iihe kooli iiheksa klassi, keda juhendasid
neli soome Spetajat. Oppemoodulid kavandati koherentse loodusteadusliku hari-
duse (ingl coherent science instruction) pdhimotete alusel (Nordine ef al., 2021).
Raamistik réhutab, et sisu kontekst peab olema Oppijale tihenduslik; dppijate-
le tehakse selgeks, milleks Opitavat vaja on; oppetoods keskendutakse vihestele
tuumideedele ja teaduslikele praktikatele ning neid rakendatakse probleemide
lahendamisel. Tuumideed (ingl core ideas) kirjeldavad lithidalt loodusteaduste
keskseid pohimdtteid (nt energia ja selle levimine) ning teaduslikud ja inseneeria-
praktikad (ingl science and engineering practices) on tegevused, mida teadlased
ja insenerid igapdevatdos teevad (nt andmete analiilisimine ja tdlgendamine).

Andmete kogumiseks kasutasime taustkiisimustikke ja kogemuse noppemee-
todit (ingl experience sampling method). Taustkiisimustikes uurisime Opilaste
sugu, klassi, isiklikku huvi fiilisika vastu ning fiitisika kui aine tajutud relevant-
sust. Noppemeetodi puhul kasutasime lithikiisimustikke, kus iga kiisimus vastas
ithele moddetavale suurusele. Meetodi ndorkused on piiratud usaldusviirsus ja
kehtivus (Eisele et al., 2021), sest iihe kiisimusega ei saa rakendada tavapéira-
seid usaldusvédrsuse hindamise viise ning sobivaid meetodeid alles katsetatakse
(Dejonckheere et al., 2022). Kehtivust saab siiski hinnata, mdotes korrelatsioone
teiste teoreetiliselt seotud suurustega (Shrout & Lane, 2012). Noppemeetodi eelis
on seevastu see, et tundeid mdddetakse vahetult kogemuse ajal, viltides meenu-
tamisest tulenevaid moonutusi (Hektner et al., 2007). Minu uuringutes vastasid
opilased tunni jooksul kolm kuni neli korda kiisimustikule, mis sisaldas kiisimusi
ja viiteid nagu ,,Mis tegevust sa parasjagu tegid?*, ,,.See tegevus oli minu jaoks
huvitav* ning ,,Kui palju sa pingutasid seda tegevust tehes?. Koigis uuringu-
tes toimus vastamine umbes iga 20-30 minuti jarel. Esimeses uuringus oli iihes
oppemoodulis kolm mddtmishetke, teise uuringu kahes moodulis kokku kaheksa
(igaiihes neli) ja kolmandas uuringus ithes moodulis kokku 15 (iga tunni jooksul
kolm) modtmishetke.

Andmete analiiiisimisel kasutasin peamiselt keskkonna R eri versioone (R
Core Team, 2022) Peale kirjeldava statistika rakendasin ANOVA meetodit, et
vorrelda Oppetegevusi vastavalt Opilaste situatsioonihuvile. ANOVA tulemus-
te kontrollimiseks kasutasin post-hoc Tukey testi. Pohianaliiiisiks olid kahte
tiltipi lineaarregressioonimudelid. Esimesed olid mitmetasandilised mudelid,
millega uurisin taust- ja situatsioonimuutujate seost situatsioonihuviga. Teist
tiitipi mudelid olid lihtsad regressioonimudelid, millega sain uurida varasema si-
tuatsioonihuvi mdju tulevasele situatsioonihuvile ja tdpsemalt seda, kuidas olid
oppijatega seotud omadused igas olukorras situatsioonihuviga seotud.
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Tulemused

Esimesed kaks uuringut niitasid, et Opilaste sugu, klass ja fiiiisika kui teaduse
tajutud relevantsus ei olnud olulisel méiral situatsioonihuviga seotud. Siiski lei-
dus erandlikke juhtumeid, kus need tegurid olid olulised. Nditeks teise uuringu
ihes olukorras oli poiste ja tiildrukute dppetegevuse tajutud relevantsuses marki-
misvidrne vahe ning sama uuringu teises olukorras oli itheksanda klassi dpilaste
situatsioonihuvi suurem kui kaheksanda klassi opilastel. Fiiiisika kui dppeaine
tajutud relevantsus oli keskmises korrelatsioonis Gpilaste isikliku huviga, kuid si-
tuatsioonihuviga ilmnes nork korrelatsioon vaid iihes olukorras. Isiklik huvi oli
situatsioonihuviga tihedalt seotud, kuid tulemused olid vastuolulised. Esimeses
uuringus kinnitasid seda modlemad mudelid, kuid teises oli isiklik huvi oluli-
ne ainult teise dppemooduli mitmetasandilises mudelis. Sama mooduli lihtsates
mudelites oli isiklik huvi oluline vaid kahes olukorras neljast. Korrelatsioonid ka-
jastasid mudelite tulemusi ja olid esimeses uuringus mdddukad. Teises uuringus
olid korrelatsioonid kas ndrgad vdi mdddukad kolmes olukorras kaheksast.

Oppetegevuste seos situatsioonihuviga oli koikuv. Koige selgemalt ilmnes
see teises uuringus, kus esinesid olulised erinevused selliste tegevuste vahel nagu
katsete tegemine, arvutusiilesannete lahendamine ja toolehtede tditmine. Esime-
ses uuringus oli oluline erinevus vaid Oppe- ja korvaliste tegevuste vahel ning
kolmandas uuringus ei ndidanud ANOVA analiiiis olulisi erinevusi. Mitmetasan-
dilised mudelid kinnitasid dppetegevuste olulisust esimeses kahes uuringus.

Teises uuringus oli dppetegevuse tajutud relevantsus situatsioonihuviga seo-
tud peaaegu kdigis olukordades ning korrelatsioonid olid norgad vdi mdddukad.
Kolmandas uuringus moddetud pingutus, véljakutse ja oskused olid situatsioo-
nihuviga seotud erinevalt. Seos véljakutsega oli kdige ndrgem, see ilmnes vaid
vihestes olukordades ning viljakutse korreleerus huviga norgalt. Pingutus oli
situatsioonihuviga seotud iiheksas olukorras 15st ja korrelatsioonid varieerusid
ndrkadest kuni mdddukateni. Oskused olid situatsioonihuviga seotud kdigis olu-
kordades ning korrelatsioonid olid enamasti tugevad.

Varasem situatsioonihuvi oli jirgnevaga seotud peaaegu kdigis olukordades,
eranditeks olid vaid méned juhtumid teises ja kolmandas uuringus. Situatsiooni-
huvi keskmine tase muutus uuringuti erinevalt: esimeses uuringus kasvas, teises
kahanes ja kolmandas vaheldus ilma selge suunata. Suurem situatsioonihuvi ilm-
nes katsete tegemise hetkedel ja teiste tegevuste ajal paistis huvi vihenevat.

Jareldused ja kokkuvote

Soo ja situatsioonihuvi vahelise seose puudumine on kooskdlas PISA uuringute
tulemustega (OECD, 2016). Klassi ja situatsioonihuvi seose puudumist voib sel-
gitada dppemoodulite uudsus kdigi klasside jaoks ning asjaolu, et tegemist oli
jarjestikuste klassidega, mitte niditeks kuuenda ja itheksanda klassi vordlusega
(Steidtmann et al., 2023). Fiiiisika kui teaduse tajutud relevantsuse seos situat-
sioonihuviga oli tdendoliselt liiga kaudne, aga sellise relevantsuse tajumine voib
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toetada Opilaste isikliku huvi kujunemist. Isiklik huvi oli situatsioonihuviga seo-
tud, mida toetab ka teooria (Hidi, 2006), kuid varasemate uuringutega vorreldes
oli oluline erinevus see, et isikliku ja situatsioonihuvi vaheline seos jii plisima ka
mone dppemooduli 16pus. Sellist tulemust vdiks samuti selgitada olukorra uudsu-
sega (teine Opetaja, tahvelarvutite kasutamine, uued katsevahendid) ning katsetega
seotud dppetegevuste mdjuga (D. Cheung, 2018).

Oppetegevuste maju dpilaste situatsioonihuvile ei olnud selge. Voimalikud
pohjused on dppemoodulite konteksti vihene muutlikkus ja tegevuste pdimitus.
Todendoliselt on dppetegevused eelkdige keskkond, mille kaudu teised tegurid
on situatsioonihuviga seotud, kuid samas on tegevuste tunnis varieerimine jét-
kuvalt oluline (Mirlohi & Herman, 2024; D. Palmer, 2009). Oppetegevuste
tajutud relevantsus paistis olevat vihem oluline tundide alguses, kuid see hii-
potees vajab tulevastes uuringutes kinnitamist. Viljakutse ja situatsioonihuvi
ndrka seost voib selgitada asjaolu, et dppemoodulis puudusid mdju tuvastamiseks
sobivad tingimused, mille tdhtsust varasemad uuringud on réhutanud (Abuham-
deh & Csikszentmihalyi, 2011). Pingutuse seos situatsioonihuviga voib olla
mittelineaarne, kuid see on vaid hiipotees. Oskuste tidhtsus ennustajana oli koos-
kolas varasemate uuringutega, kuid nende mdju voib viheneda vooseisundi korral
(Bricteux et al., 2017; Schneider et al., 2016).

Varasem situatsioonihuvi kiitus olulise ennustajana sarnaselt eelnevatele
uuringutele (Rotgans & Schmidt, 2011b). Erandjuhtudel vdis tegemist olla eri-
ti tugeva iihetaolise huviga, kus tasakaal kaldus tugevalt kas emotsionaalse voi
véartustega seotud komponendi poole. Huvi muutumine dppemoodulite jooksul ei
olnud varasemate uuringutega tdielikus kooskdlas. Voimalik, et mdni dppemoo-
dul suutis opilaste huvi paremini toetada, mistdttu huvi ei vdhenenud nii, nagu
varasemad uuringud on ennustanud (Rotgans & Schmidt, 2017a).

Minu t66 teoreetiline panus on seotud huviteooria tdiendamisega, mis puudu-
tab Oppetegevusi, situatsioonihuvi soltuvust isiklikust huvist, viljakutset, oskusi
ja pingutust. Praktiline panus tuleneb kavandatud dppemoodulitest, milles ra-
kendatud pdhimdtteid (niiteks todlehtede 15pus olevad sektsioonid ,,Kuidas need
teadmised meile kasulikud on?*) saavad dpetajad kasutada oma igapdevatoos. Sa-
muti néitasin, et mone dppetegevuse puhul tasub rohutada selle olulisust enam
kui teiste puhul, sest see aitab Opetajatel oma piiratud aega paremini kasutada.
Oluliseks piiranguks olid ebavordsed valimid, mille dpilased olid tdenioliselt
keskmisest enam huvitatud fiiiisikast. Teiseks piiranguks olid andmete kogu-
miseks kasutatud kiisimustikud. Kuna iga tegurit moddeti iihe kiisimusega, ei
olnud voimalik eristada modtmeid (nditeks huvi puhul emotsionaalne ja kogni-
tiivne modde) ega hinnata kiisimustike usaldusvidirsust. Tulevastes uuringutes
voiks uurida minu t60s esile tdusnud tegureid koos ja kasutada usaldusvéirsuse
hindamiseks hiljuti vélja tootatud tdoriistu.
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