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A B S T R A C T

This study used video-based instruction to promote adolescents’ online credibility evaluation skills and to
examine whether storification of instructional videos can maintain students’ situational interest and positive
activating epistemic emotions during a four-lesson intervention better than non-storified instructional videos.
The study also investigated whether storified instruction can enhance students’ learning of online credibility
evaluation skills better than non-storified instruction. The learning content of the videos was equivalent,
differing only in terms of storification. Students participated in either a non-storified (n = 135) or storified (n =

115) video-based instruction (4 x 45-min lesson). In each of the first three lessons, students watched an
instructional video explaining one credibility evaluation strategy. In the fourth lesson, the video introduced a
case requiring students to apply the taught strategies. After watching the video, students’ situational interest and
positive activating epistemic emotions (i.e., curiosity and excitement) were measured. Then, students practiced
the taught strategies with learning tasks. Students’ credibility evaluation skills were measured before and after
the intervention with an online credibility evaluation task. The latent growth curve model showed that non-
storified and storified videos similarly maintained students’ situational interest. No decline was observed.
However, a small decline in positive activating epistemic emotions was observed in both instructional conditions.
Students’ credibility evaluation skills improved equally across instructions. The results underline that profes-
sionally produced videos following several multimedia design principles can trigger and maintain situational
interest and enhance students’ online credibility evaluation skills without the need to incorporate additional
storified elements.

1. Introduction

Evaluating the credibility of online information is a complex process.
To determine whether online information is credible, readers must
consider multiple aspects and their relations and how they affect text
credibility (Barzilai et al., 2020; Forzani et al., 2022). Given these high
demands, it is not that surprising that many adolescents struggle with
online credibility evaluation (Breakstone et al., 2021; Forzani et al.,
2022; Hämäläinen, 2023). In addition, adolescents may not always be
that motivated to invest the cognitive effort that online credibility
evaluation requires (Paul et al., 2017). This concern indicates that ed-
ucators should develop instruction that considers both skill and will to
ensure adolescents are adequately equipped to encounter the challenges
of the current epistemic climate of online spaces (Chinn et al., 2021).

Although several intervention studies aimed at teaching adolescents

credibility evaluation strategies have been conducted (e.g., Braasch
et al., 2013; Bråten et al., 2019; Hämäläinen et al., 2023; Pérez et al.,
2018), their instructional design mainly focused on cognitive aspects,
with the exception of Barzilai et al. (2023). Barzilai et al. (2023) used
game-based learning to engage and motivate students to learn evalua-
tion strategies that would help them to identify both accurate and
inaccurate information. As there is growing evidence that motivation
and emotions are drivers of effective learning (Loderer et al., 2020), they
should be considered to a greater extent when designing instruction
intended to promote online credibility evaluation.

One promising way to increase students’ affective and cognitive
engagement with learning content is emotional design that incorporates
engaging features (e.g., warm colors, rounded shapes, facial anthropo-
morphisms, narratives) into the instructional materials (Mahler &
Mayer, 2024; Um et al., 2012). We consider storification to be one type
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of emotional design that can potentially promote sense-making of
learning materials due to increased interest and positive epistemic
emotions. By storification we mean “contextualizing instruction, using
fictitious characters as instructors, and incorporating playful elements to
create a frame story that stimulates learner engagement” (Kiili et al.,
under review). The frame story can be created through metaphors or
analogies that are regarded as a fantasy component of intrinsically
motivating instruction (Malone, 1981). According to Malone (1981), a
frame story or emotionally engaging fantasy can activate learners’
existing knowledge, helping them to interpret the learning content.

In this study, we designed a four-lesson intervention to promote sixth
graders’ online credibility evaluation skills. To examine the impact of
storified instruction, we created two sets of instructional materials: non-
storified (control version) and storified (enhanced version) materials.
The materials included instructional videos that taught credibility
evaluation strategies and learning tasks with which students could
practice the strategies and reflect on their learning. Non-storified videos
did not include any specific context, characters, or playful elements. In
contrast, storified videos used a detective metaphor to create a frame
story by contextualizing online credibility evaluation as detective
practices, using detective characters as instructors, and incorporating
playfulness into the videos (see Fig. 1).

Specifically, we examined whether storified instructional videos
could maintain students’ situational interest and positive activating
epistemic emotions (i.e., curiosity and excitement) during the online
credibility evaluation intervention better than non-storified instruc-
tional videos. We also investigated whether video-based storified in-
struction enhances the learning of online credibility evaluation skills
more than non-storified video-based instruction.

2. Theoretical framework

2.1. Online credibility evaluation

The internet is a vital information resource for adolescents in and out
of school. In the school context, students can use the internet to
construct knowledge (Wiley et al., 2009), explore different perspectives
on controversial issues (Barzilai & Weinstock, 2020), and write from
multiple online texts (Kirkpatrick & Klein, 2016). As on the internet,
accurate and inaccurate information co-exist (Braasch & Graesser,
2019), evaluating credibility is crucial for effective learning from online
information (Forzani et al., 2022; Leu et al., 2013).

Online credibility evaluation refers to readers’ decision-making
about what and whom to believe during reading and learning on the
internet (Stadtler & Bromme, 2014). To determine the credibility of
online information, readers can employ several evaluation strategies as
outlined in the Bidirectional Model of First- and Second-Hand Evalua-
tion Strategies (Barzilai et al., 2020). First-hand evaluation strategies
can be used to evaluate the accuracy of content by comparing it to one’s
prior topic knowledge (Forzani, 2018; Lucassen et al., 2013), prior

beliefs (van Strien et al., 2016), or to the content of other credible texts
(Osborne & Pimentel, 2022). Further, readers can evaluate content by
considering the quality of argumentation in texts. They can focus on the
logic of evidence–claim relations, the persuasiveness of arguments, and
whether evidence is based on scientific methodology (Iordanou et al.,
2019). For example, readers can identify which types of evidence (e.g.,
research evidence, anecdotal evidence) authors offer and evaluate
whether such evidence supports the presented claim (Kuutila et al.,
2024; List, 2024).

When employing second-hand evaluation strategies, readers can
focus on determining the trustworthiness of the source (i.e., author or
publisher). Readers can identify authors’ credentials and affiliations to
make inferences about their expertise—that is, their knowledge and
competence to provide accurate information on the topic at hand
(Hendriks et al., 2016; Stadtler & Bromme, 2014). When evaluating the
author’s intentions, readers can consider whether the author offers the
highest-quality information, without being driven by personal interests
or agendas (Hendriks et al., 2015). By assessing author expertise and
intentions, readers can develop a more comprehensive picture of the
credibility of the texts than by focusing on the textual content alone
(Barzilai et al., 2020; Forzani et al., 2022).

Importantly, the Bidirectional Model of First- and Second-Hand
Evaluation Strategies emphasizes that judgments about the content
and the source are reciprocal in nature (Barzilai et al., 2020). This means
that evaluations of content affect judgments of source credibility, and
evaluations of sources affect judgments of content. Unfortunately, many
students tend to rely on superficial evaluation strategies without
adequately considering the credibility of both the content and the source
(Coiro et al., 2015; McGrew, 2021). Research also suggests that online
credibility evaluation reflects the attributes of source texts (i.e., credi-
bility and text genre), requiring two latent abilities: confirming the
credibility of more credible texts and questioning the credibility of less
credible texts, the latter being more challenging for younger readers
(Kiili et al., 2023).

2.2. Instructional videos

As one form of multimedia learning material (Mayer et al., 2020),
instructional videos are designed to help people learn specific content or
skills (Fiorella & Mayer, 2018). Instructional videos can include
on-screen text and/or instructor narration and visual elements, such as
images, animations, and slides. When it comes to visuals, instructional
videos may or may not feature an on-screen instructor (a human or a
pedagogical agent).

2.2.1. Theoretical grounding of instructional videos
Empirical research has started to establish principles for designing

effective educational videos (Beege et al., 2019; Fyfield et al., 2022;
Mayer, 2021; Mayer et al., 2020).According to a recent literature review
by Fyfield et al. (2022), the Cognitive Theory of Multimedia Learning

Fig. 1. Example screenshots of non-storified (Left-hand side) and storified (Right-hand side) videos explaining different types of evidence (personal experiences,
expert knowledge, and research knowledge). Note. Actors: Iina Hautala and Aleksi Kauppinen.
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(CTML) and related design principles (Mayer, 2014) constitute the most
commonly used theoretical basis of instructional video design. The
CTML assumes that learners process visual and auditory information in
separate channels, each limited in capacity. Further, the CTML empha-
sizes that deep learning occurs when learners engage in active cognitive
processing during learning. Therefore, instructional designers aim to
optimize the use of learners’ visual and auditory channels to facilitate
active cognitive processing of learning content without overloading
their information processing capacity.

When learning from instructional videos, learners’ cognitive re-
sources are allocated among essential, generative, and extraneous pro-
cessing (Mayer, 2014, 2020). Essential processing is needed to hold and
manipulate incoming information in working memory. The complexity
of the learning content and learners’ prior knowledge affects essential
processing demands. Generative processing, which is facilitated by
learners’ motivation, is needed to make sense of incoming information.
Finally, extraneous processing, caused by instructional design, refers to
unnecessary cognitive processing that does not serve instructional goals.
For example, decorative enrichment details included in instructional
videos increase extraneous processing and may thus harm learning (Pink
& Newton, 2020; Sundararajan & Adesope, 2020; Wang et al., 2020).
The aim of instructional design is to optimize learning by managing
essential processing, increasing generative processing, and minimizing
extraneous processing.

Recently, scholars have extended the CTML to explain how motiva-
tional, affective, and social elements influence learning. Cognitive-
affective models of learning (e.g., Mayer, 2020; Plass & Kaplan, 2016)
posit that learners try harder to understand learning content when they
experience positive emotions while learning. For example, the Inte-
grated Cognitive-Affective Model of Learning with Multimedia (ICALM)
outlines how cognitive processes are inseparably intertwined with af-
fective processes, such as emotions or moods (Plass & Kaplan, 2016).
The model highlights that learning material that can evoke learners’
affect involving some appraisal can enhance their motivation and in-
terest, followed by deeper processing and comprehension of new
information.

Previous research suggests that emotional design features are worth
integrating into learning materials. Techniques such as employing warm
colors or incorporating anime or narrative storytelling into learning
material have been shown to enhance learners’ engagement and
improve learning outcomes (Fyfield et al., 2022; Mahler&Mayer, 2024;
Um et al., 2012). Anthropomorphism (i.e., incorporating human-like
features into non-human elements of learning material) has also been
found to have positive effects on learners’ engagement and learning
outcomes (Schneider et al., 2019; see meta-analyses by Brom et al.,
2018; Wong & Adesope, 2021). However, the motivational effects of
emotional design tend to be stronger for younger children (Brom et al.,
2018). Regarding learners’ cognitive resources, emotional design is a
promising method of fostering learners’ generative processing (Mahler
& Mayer, 2024).

2.2.2. Instructional videos with on-screen instructors
In the present study, we focused on instructional videos with on-

screen human instructors, which have become popular, particularly in
higher education and industry (Henderson& Schroeder, 2021). A recent
meta-analysis (Alemdag, 2022) found that the instructor’s presence did
not affect learning, but it did increase learners’ motivation, enjoyment,
and cognitive load. However, a systematic review by Polat (2023) re-
ported mixed results concerning cognitive effects of the instructor’s
presence. Notably, although the instructor’s presence can provide social
cues that can enhance learners’ motivation and cognitive engagement
(Fiorella &Mayer, 2018), it can also increase unnecessary cognitive and
affective processing demands that may hinder learning (Sweller et al.,
2019).

Moreover, the instructor’s appearance, such as dress style (Beege
et al., 2019) and emotional expressions (Lawson et al., 2021a), may

influence learners’ cognitive, motivational, and affective processes.
Regarding emotional expressions, Lawson et al. (2021a) found that
when instructors displayed positive emotions, they were perceived as
more engaging, more credible, and more likely to facilitate learning,
when compared to instructors who exhibited negative emotions.
Furthermore, a study by Schrader et al. (2021) indicated that the in-
structor’s gender, and gender matching between the instructor and
learner, had no impact on learning, cognitive load, or situational
interest.

Findings from research on instructional videos with on-screen in-
structors align with cognitive-affective models of learning (e.g., Mayer,
2020; Plass & Kaplan, 2016), proposing that learners may exert greater
effort to understand learning content when experiencing positive emo-
tions. However, on-screen instructors and emotional design elements
should not cause excessive extraneous cognitive load. In fact, the cost-
–benefit model of cognitive load (Skulmowski& Xu, 2022) suggests that
the cost of extraneous processing of on-screen instructors and emotional
elements should be lower than its motivational and generative pro-
cessing benefits.

2.3. Situational interest and epistemic emotions

Motivation and emotions are essential drivers of learning. Motiva-
tion directs behavior and can also be experienced as interest (Elliot,
2023). In simple terms, emotions can be defined as affective episodes
induced by a specific stimulus. Both cognition and emotions are
involved in motivational processes, and their interaction may sustain
motivation during learning (Schunk, 2023). According to Plass and
Kaplan (2016), instructional design may evoke and support specific
combinations of emotions and cognitions, which in turn serve as moti-
vating forces that influence how learners interact with a learning envi-
ronment or whether they disengage from learning activities. In the
present study, we focused on situational interest and epistemic emotions
as context-specific motivational and emotional factors that can vary in
different situations (Pekrun & Marsh, 2022).

2.3.1. Situational interest
Interest is an essential motivational factor that has been shown to be

a beneficial driver of learning (Elliot, 2023; Harackiewicz et al., 2000).
In our study, we focused on situational interest for two reasons. First,
situational interest can enhance cognitive and emotional engagement in
learning (Hidi & Renninger, 2020). Second, it can be promoted via the
instructional design (Renninger et al., 2019). Hidi and Renninger (2006,
p. 113) defined situational interest as “focused attention and the affec-
tive reaction that is triggered in the moment by environmental stimuli,
which may or may not last over time.” Thus, situational interest can
fluctuate during, for example, a specific learning task (Fulmer & Tulis,
2013; Koskinen et al., 2023).

Hidi and Renninger (2006) divided situational interest into triggered
and maintained situational interest. Triggered situational interest can be
sparked by environmental features and is typically externally supported
(Hidi & Renninger, 2006). Specific captivating elements in learning
materials and task instructions, such as enriched materials with warm,
colorful elements (Brom et al., 2018; Um et al., 2012), positive,
personalized language (Mayer et al., 2004), and anime stories (Mahler&
Mayer, 2024), can trigger students’ situational interest. Also, texts that
are vivid or include narratives or surprising content with which readers
can identify can trigger situational interest, making the texts more
memorable (Hidi, 2001; Logtenberg et al., 2011). However, once situ-
ational interest has been triggered, it may or may not be maintained
(Hidi & Renninger, 2006).

Maintained situational interest refers to a state of interest involving
targeted and focused attention on a task for an extended period (Hidi &
Renninger, 2006). Meaningful tasks and personally relevant activities
can facilitate maintained situational interest (Harackiewicz et al., 2000).
Maintained situational interest differs from triggered situational interest

R. Anttonen et al.
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mainly in terms of duration (Hidi& Renninger, 2006). Previous research
has shown that instructional features may or may not maintain situa-
tional interest (Renninger et al., 2019). For example, in one study,
interesting decorative illustrations triggered learners’ situational inter-
est but did not maintain it (Magner et al., 2014).

2.3.2. Epistemic emotions
According to Pekrun and Linnenbrink-Garcia (2012), emotions are

pervasive in academic settings, and they can influence learners’
engagement and performance. Previous research distinguished between
different types of academic emotions, central among them being
achievement emotions and epistemic emotions (Pekrun et al., 2018;
Pekrun and Linnenbrink-Garcia, 2012a). According to Pekrun and
Linnenbrink-Garcia (2012), epistemic emotions differ from achievement
emotions in terms of their object. The object of achievement emotions
relates to success or achievement in academic activities, whereas the
object of epistemic emotions concerns the knowledge-generating qual-
ities of academic activities. Regarding the present study, learners may

experience epistemic emotions when processing the learning content of
instructional videos, particularly if the provided information contradicts
their previous conceptions and experiences (Pekrun et al., 2017, 2018).

Pekrun et al. (2017) have distinguished seven epistemic emotions:
surprise, curiosity, enjoyment, confusion, anxiety, frustration, and
boredom. These epistemic emotions can be categorized according to
their valence (positive or negative) and strength of their physiological
arousal (activating or deactivating). In this study, we focused on positive
activating epistemic emotions (i.e., curiosity and enjoyment) because
they tend to support learning (Park et al., 2015; Pekrun et al., 2017;
Pekrun & Linnebrack-Garcia, 2014; Vilhunen et al., 2022). More pre-
cisely, epistemic curiosity can be defined as yearning for knowledge or
the desire to acquire precise information that closes the learner’s
knowledge gap (Loewenstein, 1994; Shin & Kim, 2019). Common
characteristics that trigger curiosity include uncertainty, complexity,
and novelty (Hidi & Renninger, 2020). Regarding uncertainty, insuffi-
cient prior knowledge does not trigger curiosity, while excessive prior
knowledge may lead to boredom. Learners can experience enjoyment

Fig. 2. Characteristics of non-storified and storified instructional videos.
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when curiosity is satisfied, i.e., uncertainty is reduced (Chevrier et al.,
2019), when problems are solved, or when confusion is resolved
(D’Mello & Graesser, 2012; Pekrun & Linnenbrink-Garcia, 2012).
Furthermore, when experiencing enjoyment during a learning task, the
learner’s attention may be more task-directed (Pekrun et al., 2002).

3. The present study

For this study, we designed two video-based interventions (4 x 45-
min lessons) aimed at promoting sixth graders’ online credibility eval-
uation skills (evaluation of the author’s expertise, the author’s in-
tentions, and the quality of evidence). Both interventions were
implemented by classroom teachers. In this quasi-experimental study,
we employed a value-added research design (e.g., Mayer, 2019) to
examine the effects of emotional design in instructional videos. This
study advances previous research by using storification as a unique
emotional design approach.

First, we developed a basic version of the video-based instruction,
including instructional videos and related learning tasks. In the videos,
an instructor taught credibility evaluation strategies without any spe-
cific character or context. Second, we developed an extended version of
the basic intervention by storifying it (see Fig. 1). In the storified video-
based instruction, we used a detective metaphor to create a frame story.
Students participated in the Funky Facts detective school (contextual-
izing the instruction by using a frame story), in which two detectives
taught online credibility evaluation strategies through a dialogue (using
fictitious characters as instructors) and with playful examples (incor-
porating playful elements to stimulate learner engagement) (see Fig. 2
for more details).

The rationale of the study stemmed from the theoretical contradic-
tion that the emotional design of learning materials can have either
beneficial or detrimental effects on learning. Some theoretical ap-
proaches argue that the use of unnecessary elements in learning mate-
rials, often referred to as seductive details, may distract learners’
attention from the relevant learning content and undermine learning
outcomes (Sweller, 1988; see meta-analysis by Sundararajan& Adesope,
2020). On the other hand, from an emotional design perspective (e.g.,
Mahler & Mayer, 2024; Wong & Adesope, 2021), the use of emotional
design elements can foster motivation and engagement and thereby
improve performance and learning outcomes. To contribute to this line
of research with a focus on teaching online credibility evaluation, two
specific research questions (RQs) were formulated.

RQ1 Does watching the non-storified and storified instructional videos
differ in terms of changes in situational interest and positive
activating epistemic emotions during the four-lesson
intervention?

RQ2 Does the non-storified and storified instruction differ in terms of
learning online credibility evaluation skills?

Regarding RQ1, we drew on an emotional design perspective
(Mahler &Mayer, 2024; Wong & Adesope, 2021) when formulating the
hypotheses. We expected that non-storified and storified conditions
would differ in terms of how students’ situational interest and positive
activating epistemic emotions changed during the video-based instruc-
tion (Hypothesis 1). We also expected that the storified videos would
maintain students’ situational interest and positive epistemic emotions
during the intervention (Hypothesis 1a), whereas, while watching the
non-storified videos, students’ situational interest and positive acti-
vating epistemic emotions would decline during the intervention (Hy-
pothesis 1b).

Regarding RQ2, we formulated a hypothesis and counter hypothesis
for learning gains because storification can either support learning by
increasing generative processing or hinder learning by increasing too
much extraneous processing. If storification serves mainly as a form of
emotional design that motivates students to engage in generative

cognitive processing (Mahler & Mayer, 2024; Plass & Kaplan, 2016),
then students in the storified condition should learn more from the
intervention than those in the non-storified condition (Hypothesis 2).
In contrast, if storification serves mainly as a form of seductive detail
that distracts students and thereby increases extraneous cognitive pro-
cessing (Sundararajan& Adesope, 2020; Sweller, 1988), then students in
the storified condition should learn less from the intervention than those
in the non-storified condition (Alternative Hypothesis 2).

When testing the hypotheses, we controlled for reading fluency,
gender (RQ1 and RQ2), pre-test score, and the topic order of the tasks
(RQ2). Reading fluency was controlled for because basic reading skills
have been shown to affect reading enjoyment (Cheema, 2018; van
Bergen et al., 2023) and contribute to the performance of online credi-
bility evaluation (Hämäläinen et al., 2021; Potocki et al., 2020). Also,
gender differences have been observed in reading engagement (Brozo
et al., 2014; Logan & Johnston, 2009), multimedia learning (Dousay &
Trujillo, 2019; Heo & Toomey, 2020), and credibility evaluation per-
formance (Forzani, 2018; Kanniainen et al., 2019). Finally, the topic
order was controlled for as the topic has been shown to be associated
with the credibility evaluation performance (Bråten et al., 2018;
Hämäläinen et al., 2021).

4. Method

4.1. Participants

Participants comprised 250 Finnish sixth-grade students (Mage =

12.77 years, SDage = 0.38, girls 50.7%) representing 13 classes from 10
Finnish elementary schools. The schools were located in urban, subur-
ban, and rural areas in five different municipalities. The majority of
students (89.1%) spoke Finnish at home; 5.6% spoke Finnish and some
other language at home, while 5.2% did not speak Finnish at home.

All students participated in the intervention since its content was in
accordance with the Finnish national curriculum (The Finnish National
Board of Education, 2016). The national curriculum includes seven
areas of transversal competencies, including multiliteracies, teaching of
which should be incorporated into all school subjects. Multiliteracies
include abilities to seek, interpret, evaluate, and produce various types
of texts in different situations. Teachers support students’ multiliteracy
competencies by using different media and technologies. Furthermore,
the language arts curriculum includes objectives that involve guiding
students in information seeking, using diverse information resources,
and evaluating the credibility of information. The national curriculum
forms a foundation, leaving municipalities, schools, and teachers with
high autonomy for interpreting and implementing the curriculum (Palsa
& Mertala, 2019).

The ethical statement was received from the Ethics Committee of the
Tampere Region, and research permissions were received from the
municipalities. In the study, we only used data from students who and
whose guardians provided informed consent.

Thirteen volunteer classroom teachers implemented the intervention
as part of their regular teaching. Of the 13 classes, six followed the non-
storified intervention instruction (n = 135) and seven followed the
storified intervention instruction (n = 114). Of the participants, one did
not participate in any of the intervention lessons.

4.2. Materials

4.2.1. Instructional videos
In the design of instructional videos, we implemented four well-

established multimedia design principles: segmentation, signaling,
personalization, and positivity (Lawson et al., 2021b; Mayer, 2014).
Segmentation was implemented by sequencing the learning content into
subsets. In our case, each of the three strategy instruction videos focused
on one credibility evaluation strategy (evaluation of author’s expertise,
author’s intention, and quality of evidence) followed by a video
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introducing the case to solve. The second principle, signaling, was used to
draw students’ attention to essential learning content (Mautone &
Mayer, 2001; Schneider et al., 2018). The credibility evaluation strate-
gies were highlighted by written words (non-storified condition) and by
displaying each strategy on the detective’s phone screen (see Fig. 2). The
third and fourth principles, positivity and personalization (Mayer et al.,
2004), were implemented by the instructors. The instructors used
conversational, encouraging language delivered with gestures and a
positive tone of voice.

The learning content of the storified and non-storified videos was
similar but differed in terms of storification. Fig. 2 describes the char-
acteristics of the storified and non-storified instructional videos.
Example videos are provided in supplementary materials.

The learning materials included three types of videos. Context videos
introduced the intervention (introductory video for both conditions) and
provided a context (detective school) for the storified condition (trailer
and concluding video celebrating the completion of the detective
school). Strategy instruction videos taught the three online credibility
evaluation strategies. A case video introduced a problem-solving task
that required students to apply the taught online credibility evaluation
strategies.

Because of the storified elements, the storified instructional videos
were somewhat longer than the non-storified videos. The introductory
video in the non-storified condition was 1:13 min long, whereas that in
the storified condition was 2:32 min long. The length of the strategy
instruction videos varied from 1:56 to 3:14 min in the non-storified
condition and from 2:31 to 4:07 min in the storified condition. The
non-storified case video was 1:08 min long, while the storified case
video was 1:51 min long. Finally, the trailer was 1:20 min long, and the
celebration video was 1:50 min long (storified condition only).

Finally, as the emotions experienced by students may have reflected
instructors’ emotional expressions (Lawson et al., 2021a), we examined
the valence of emotions displayed by the instructors. We conducted
facial expression analyses with the FaceReader software (Noldus, 2024).
Instructors displayed more positive than negative emotions, and there
were no considerable differences in the average valence (mean of the
four videos) of conditions (see Appendix A).

4.2.2. Other learning materials
Other learning materials included a workbook, task/detective pass-

port, and badges. The workbook contained learning tasks for practicing
the taught credibility evaluation strategies. Tasks included identifica-
tion and evaluation tasks concerning the author’s expertise, the author’s
intentions, and the quality of evidence. In addition, students were asked
to justify their responses in writing. For example, in one task concerning
the author’s intentions, students read four short texts from which they
were asked to identify whether the author’s intentions were sincere,
persuasive, or commercial, and to justify their responses in writing. The
instructors guided students in the workbooks, where they appeared as
drawn pictures (non-storified condition) or cartoon images (storified
condition). Example tasks translated from Finnish are available at
https://aoe.fi/#/materiaali/3785.

Students also received a task passport (non-storified condition) or a
detective passport (storified condition) for use in reflecting on their
learning by considering the most important issues they learned. Students
earned learning badges (stickers) after completing each lesson, which
they collected in their passports. Non-storified learning badges included
pictures of colorful candies, whereas storified learning badges had a
detective school theme (e.g., a magnifying glass or Funky Facts logo).

4.3. Flow of the intervention

Students in both intervention conditions participated in four lessons
(4 × 45 min) implemented by their classroom teachers over 2 weeks as
part of regular schoolwork. A teacher manual described the flow of the
intervention lessons, including detailed instructions for all designed

activities. The teachers organized the activities, facilitated paired and
classroom discussions, managed time, and supported students whenever
needed.

Before the intervention lessons, students in the storified condition
watched the Funky Facts detective office trailer, and students in both
conditions watched the introductory video. At the end of the introduc-
tory video, the instructors stated they wanted to know students’ starting
level as online evaluators (a pre-test) as measured by the Online Cred-
ibility Evaluation Task (see Section 4.5.2).

In the three first intervention lessons, students were taught credi-
bility evaluation strategies (evaluation of the author’s expertise, the
author’s intentions, and the quality of evidence), one in each lesson. The
lessons followed the same pattern and included one to three learning
tasks, depending on the lesson. First, students watched the instructional
video, after which they reported their situational interest and epistemic
emotions as stimulated by the video content (see Section 4.5.1). Next,
students individually completed a workbook task to practice the online
credibility evaluation strategy they had been taught. A paired discussion
on the responses followed this task. After the discussions, students
received feedback from the video instructor. The classroom teacher took
the role of the video instructor and read aloud feedback that encour-
agingly modeled the effective use of evaluation strategies. The same
procedure was followed with the remaining tasks.

The fourth intervention lesson began by watching the instructional
video, in which instructors introduced a “real case” that students helped
to solve by employing the taught credibility evaluation strategies. To
solve the case, students worked in pairs and analyzed four conflicting
online texts about microplastics in tap water. Each student in the pair
read two texts on a computer and evaluated their credibility with an
analysis form (workbook), which guided students in considering the
author’s expertise, the author’s intentions, and the quality of evidence.
Then, each student pair shared their evaluations with each other, after
which they completed a joint evaluation statement. In the storified
condition, students used a form that Funky Facts detectives use when
serving their customers. Here, too, students received feedback from the
instructors. At the end of each lesson, students reflected on their learning
in their passports and selected badges.

The following week of the fourth intervention lesson, students
completed the Online Credibility Evaluation Task as a post-test. To
conclude the intervention, students received diplomas. In addition,
students in the storified condition were congratulated by the detectives
in the short closure video.

4.4. Fidelity

The fidelity of the intervention was ensured in several ways. First,
the classroom teachers participated in a 2.5-h professional development
session led by the researchers. The session included an introduction to
the intervention’s theoretical and pedagogical basis, the learning ma-
terials, and the teacher manual, including detailed lesson plans. The
teachers also had an opportunity to ask questions from the researchers.
For practical reasons, two teachers could not participate in the profes-
sional development session. One of the researchers met with these
teachers individually.

Second, the teachers kept diaries in which they reported any ex-
ceptions to the lesson plans. They were also asked to report the degree to
which they had implemented the lesson according to plan (1 =

completely according to the plan, 2 = almost according to the plan, or 3
= significantly deviating from the plan). The diaries indicated that the
teachers followed the plan completely or almost completely, with one
exception. One teacher reported a clear deviation in the fourth lesson.
Some teachers also reported having insufficient time for the activities in
the fourth lesson.

Finally, the researcher observed two lessons, the first and fourth,
from each classroom teacher. Thus, in total, 26 lessons were observed.
The observations were systematically recorded using a checklist
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(McKenna et al., 2014). In Lesson 1, 96% of the activities were suc-
cessfully implemented. The corresponding percentage was lower (87%)
in Lesson 4 due to insufficient time to complete all planned activities,
which was consistent with the teachers’ reports.

4.5. Measures

4.5.1. Measures for situational interest and epistemic emotions
After watching each instructional video, students were asked to fill

out a questionnaire concerning situational interest and epistemic
emotion measures (Fig. 3). In the questionnaire, the instructor first
provided general guidelines for filling out the questionnaire: “You just
followed a video that considered [theme of the video]. Reflect on your
experience of the instructional video and its content.”

Students’ situational interest was measured with a single 5-point
scale item, with their responses supported by smiley faces and colors
(Fig. 3). Epistemic emotions were measured with a short version of the

Epistemically Related Emotions Scales (Pekrun et al., 2017) consisting of
seven items (one for each epistemic emotion). In this measure, enjoy-
ment was measured with an item of excitement. Students were asked to
reflect on their experience of the instructional video and its content.
They were asked to consider on a 5-point scale how strongly they had
felt each emotion while following the video (Fig. 3). The present study
focused only on positive activating epistemic emotions (i.e., curiosity
and excitement).

4.5.2. Online credibility evaluation task
Students’ learning of online credibility evaluation skills was assessed

before and after the intervention with the Online Credibility Evaluation
Task (Kiili et al., 2023). In the task, students were asked to read and
evaluate four online texts on health-related topics. One task concerned
the health effects of sugar and the other health effects of chocolate. In
each task, two texts were more credible (a popular science text and a
popular science news text), and two were less credible (a personal blog

Fig. 3. Screenshot of situational interest and epistemic emotions measures included in the workbook.
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text and a commercial text). Texts were manipulated in terms of the
accuracy of the main claim, the author’s expertise, the author’s in-
tentions, and the quality of evidence. In the more credible online texts,
the main claim was in accordance with the current scientific view (e.g.,
chocolate does not cause acne), whereas the main claim in the less
credible online texts was inaccurate (e.g., chocolate causes acne). The
more credible online texts were authored by researchers or journalists
who relied on expert statements and research evidence. The less credible
online texts were authored by laypersons or company representatives
with commercial intentions. These authors relied on either their own or
customers’ experiences.

Students read one text at a time. During task completion, they were
guided by a fictitious fact-checker (non-storified condition) or detectives
(storified condition). Students evaluated the author’s expertise, the au-
thor’s benevolence, and the quality of evidence in each text. After
reading and evaluating each of the four texts, students evaluated overall
text credibility with the following question: “How credible do you find
the webpage? Please evaluate the credibility of the page on a scale from
1 to 6 [1 = “Not very credible”; 6 = “Very credible]. The higher the
number, the more credible you think the page is”. Students were also
asked to justify their evaluations with written responses. Only overall
credibility evaluations of the four online texts were used in the study.
The scores for the less credible texts were reverse scored.

To counterbalance the effects of the text topic, students were
randomly assigned to complete the tasks on sugar and chocolate health
effects in two different orders (topic order). Topic order sugar-chocolate
was coded as 0 and topic order chocolate-sugar was coded as 1. In
addition, the text order within the tasks was counterbalanced. Students
were randomly assigned to read the texts in one of the following orders:
Order 1, Less credible text – more credible text – more credible text – less
credible text; Order 2, More credible text – less credible text – less
credible text – more credible text (Kiili et al., 2023).

4.5.3. Reading fluency measure
Students’ reading fluency was measured with a time-limited sen-

tence verification task from a standardized Finnish reading test battery
for lower secondary school students (Lerkkanen et al., 2018). The task
included 70 brief sentences (e.g., “A cow is an animal”), and students
were tasked to indicate whether each sentence was correct or incorrect
as rapidly as they could within 2 min. The test score was the number of
correct minus incorrect responses. The task was designed so that it is not
intended to reach the maximum points. Therefore, to estimate reli-
ability, we calculated split-half reliability with Spearman-Brown
correction, which was 0.97.

4.6. Data analysis

Descriptive statistics (means, standard deviations) and preliminary
assessment of the similarity of the conditions in terms of reading fluency
and online credibility evaluation skills (pre-test as a baseline measure)
before the intervention was conducted with independent samples’ t-tests
with IBM SPSS Statistics 26 software. The results confirmed the simi-
larity of the conditions concerning reading fluency and credibility
evaluation skills before the intervention (p-values were all above 0.05;
see Appendix B for more detailed information).

To study changes in students’ situational interest, curiosity, and
excitement during the intervention as well as differences in these
changes across the intervention conditions (RQ1), we used latent growth
curve modeling (LGCM; Muthén & Khoo, 1998) implemented in Mplus
statistical software (Muthén & Muthén, 1998–2017). First, uncondi-
tional LGCMs were estimated separately for situational interest, curi-
osity, and excitement to examine their initial levels and subsequent
changes during the intervention. For each LGCM, we estimated a level
and a slope factor. The level factor reflected the initial value of an
outcome at the start of the intervention, after students had watched the
first strategy instruction video (Table 1). The slope factor showed the

rate of change in an outcome’s trajectory over time.
To find the best-fitting model for each outcome, both linear and

nonlinear shapes of the changes were explored (see Appendix C). The
nonlinear change trajectory, in which the first three factor loadings were
fixed as in the linear trajectory and the last loading was freely estimated
(i.e., 0, 1, 2, free), best fit the data for all outcomes. The results of un-
conditional LGCMs are displayed in Appendix C.

Next, to examine whether the non-storified and storified instruc-
tional conditions differed in terms of change over time in situational
interest, curiosity, and excitement after controlling for students’ gender
(0 = girl, 1 = boy) and reading fluency (as mean-centered), we con-
ducted a conditional LGCM for each outcome. To do so, instructional
conditions (non-storified = 0, storified = 1) and the two control vari-
ables were set to predict the level and slope of an outcome.

The dataset used in the analyses of RQ1 included 6.8–8.0% of
missing values at T1 (Time point 1), 7.2–10.0% at T2, 12.0–14.4% at T3,
and 10.0–18.4% at T4. According to Little’s (1988) missing completely
at random (MCAR) test, the data were not MCAR (χ2(298) = 355.68, p=
0.012). Yet, the missing data can be considered to be missing at random
(MAR), as the reasons for missing data were tracked to students’ absence
from school on the day of data collection or to students skipping single
items. However, as we found that boys skipped more items than girls,
gender was controlled for in the analyses to strengthen the plausibility of
the MAR assumption.

Following this, the full information maximum likelihood estimation
was used in all LGCMs (RQ1) since it can handle all information in the
data without imputing missing values (Enders, 2022). As we collected
the data from 13 different classes (intra-class correlations ranged be-
tween 0.00 and 0.06), the nesting effect was also considered by imple-
menting the TYPE = COMPLEX specification in Mplus to estimate
unbiased standard errors (Muthén & Muthén, 1998–2017). The overall
goodness-of-fit of all estimated LGCMs was evaluated with the following
criteria (Hu & Bentler, 1999): the χ2 test (p-value should be statistically
non-significant), Root Mean Square Error of Approximation
(RMSEA; the value should be < 0.06), and Standardized Root Mean

Table 1
Descriptives statistics of measured variables by non-storified and storified
conditions.

Variable Non-Storified Storified

n M SD n M SD

Situational interest at four time points (T)
T1 Situational interest 127 3.28 0.84 103 3.24 0.83
T2 Situational interest 122 3.23 0.99 103 3.15 0.94
T3 Situational interest 114 3.37 0.86 100 3.25 0.94
T4 Situational interest 115 3.32 0.99 89 3.22 1.01

Epistemic emotions at four time points (T)
T1 Curiosity 128 2.36 0.91 105 2.20 0.97
T2 Curiosity 126 2.13 0.89 106 2.16 1.04
T3 Curiosity 119 2.24 0.92 101 2.13 0.96
T4 Curiosity 128 2.09 0.98 97 2.01 0.96
T1 Excitement 127 2.16 0.90 105 2.17 0.96
T2 Excitement 126 2.03 0.89 105 2.04 0.96
T3 Excitement 118 1.98 0.78 101 2.03 0.96
T4 Excitement 127 2.05 0.97 97 2.05 0.96

Online credibility evaluation in pre-test
Popular science text 134 4.49 1.13 110 4.63 1.30
Popular science news text 135 4.69 0.98 110 4.74 0.92
Personal blog text 135 3.77 1.47 111 4.09 1.33
Commercial text 134 3.81 1.41 110 3.86 1.47

Online credibility evaluation in post-test
Popular science text 129 4.88 1.02 109 4.80 1.33
Popular science news text 129 5.04 0.85 109 4.84 1.07
Personal blog text 129 4.63 1.21 109 4.66 1.10
Commercial text 129 4.51 1.17 109 4.48 1.18

Reading fluency 131 23.32 5.21 112 23.40 7.59

Note. Scale for situational interest, curiosity, and excitement was 1–5.
Scale for online credibility items was 1–6.
Maximum score for reading fluency was 70.
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Square Residual (SRMR; should be < 0.08), comparative fit index, and
Tucker–Lewis index (CFI and TLI, respectively; both should be > 0.95).

Regarding RQ2, we first used paired samples t-tests to examine
whether the intervention improved all students’ credibility evaluation
skills on average irrespective of their intervention condition. We con-
ducted the analysis separately for each text that students evaluated
because their evaluations seemed to be somewhat unique depending on
the text genre (Kiili et al., 2023). Next, to study whether conditions
(non-storified = 0, storified = 1) differed in terms of students’ learning
during the intervention, we conducted an analysis of covariance
(ANCOVA) separately for each of the evaluated texts in the online
credibility evaluation task. The nesting effect of the class was controlled
for by calculating a deviance score for each credibility evaluation pre-
and post-test score (one pre- and post-test score per text) by subtracting
a student’s individual score from the mean of the corresponding variable
of the student’s class, thus resulting in four pre-test and four post-test
deviance scores. In each ANCOVA, the dependent variable was a
post-test deviance score of the credibility evaluation, and the interven-
tion condition served as the independent variable. The corresponding
pre-test online credibility evaluation deviance score, reading fluency,
gender, and topic order of the task were controlled for.

5. Results

5.1. Descriptive results

The descriptive statistics for all examined variables are presented in
Table 1. In both intervention conditions, students reported their situa-
tional interest to be somewhat higher, on average, than their curiosity
and excitement. The Pearson correlations between the examined vari-
ables are presented in Appendix D.

5.2. Students’ situational interest and positive activating epistemic
emotions across the intervention conditions (RQ1)

First, we studied whether the non-storified and storified instructional
conditions differed in terms of change in situational interest, curiosity,
and excitement after watching an instructional video at the beginning of
each of the four lessons. The results of the conditional LCGMs revealed
that the intervention condition did not statistically significantly predict

either the level of or change in situational interest, curiosity, and
excitement (see Table 2). This suggests that the initial level and rate of
change in situational interest and positive activating epistemic emotions
were similar among all students, regardless of which intervention con-
dition (non-storified or storified) they followed.

However, an examination across the intervention conditions showed
that the slope mean for both curiosity and excitement was statistically
significant, thus indicating that, on average, students’ curiosity (Slope
M = − 0.10, p < 0.001) and excitement (Slope M = − 0.09, p < 0.001)
declined over the study period during which the intervention was
implemented. Again, no statistically significant change in students’
situational interest during the intervention was found.

5.3. Learning of credibility evaluation skills (RQ2)

Our second RQ examined whether the intervention developed stu-
dents’ credibility evaluation skills. As shown in Table 3, the intervention
promoted students’ credibility evaluation skills regarding the more
credible texts (popular science text, popular science news text) and less
credible texts (personal blog text and commercial text).

Moreover, the results showed that the intervention condition did not
have any effect on the post-test score of credibility evaluations of pop-
ular science text, popular science news text, personal blog text, or
commercial text (Table 4).

6. Discussion

This study investigated whether storifying instruction, and especially
instructional videos, helped sixth-grade students maintain situational
interest and positive activating epistemic emotions (i.e., curiosity and
excitement) during a four-lesson intervention on online credibility
evaluation. We also examined whether storifying instruction promoted
the learning of online credibility evaluation skills. The study offers
unique contributions to the design of instructions targeted to promoting
students’ online credibility evaluation skills. First, in the instructional
design, we considered both cognitive and affective (i.e., motivational
and emotional) aspects, whereas previous online credibility evaluation
studies mainly focused on cognitive aspects (e.g., Braasch et al., 2013;
Bråten et al., 2019; Pérez et al., 2018). Second, the study tested the
usefulness of storification as a novel emotional design feature. Third, we
measured situational interest and epistemic emotions during four les-
sons implemented in the two-week period, generating new knowledge
on how situational interest, curiosity, and excitement fluctuate in an
ecologically valid classroom setting.

6.1. Motivational and emotional outcomes

Regarding situational interest, the non-storified and storified con-
ditions did not differ in terms of how students’ situational interest
changed during the four lessons when it was measured after they had
watched either the non-storified or storified instructional video at the

Table 2
Standardized estimates and model fit indices for intercepts and slopes regressed
on covariates (n = 241).

Situational
Interest

Curiosity Excitement

β β β

Intercept (initial level)
Intervention
condition

− 0.02 − 0.07 − 0.00

Reading fluency − 0.06 0.08 0.02
Gender − 0.18* − 0.13 − 0.22**

Slope (rate of change)
Intervention
condition

− 0.08 0.04 0.04

Reading fluency 0.15* − 0.17 − 0.00
Gender 0.11 0.12 0.38**

Model Fit Indexes χ2(10) = 15.70, p
= 0.109

χ2(10) = 17.36,
p = 0.067

χ2(10) = 6.39, p
= 0.782

CFI = 0.98 CFI = 0.97 CFI = 1.00
TLI = 0.97 TLI = 0.94 TLI = 1.00
RMSEA = 0.05 RMSEA = 0.06 RMSEA = 0.00
SRMR = 0.04 SRMR = 0.04 SRMR = 0.03

R2

Intercept 0.04 0.03 0.05
Slope 0.04 0.05 0.15

Note. *p < 0.05, **p < 0.01, ***p < 0.001.
For reading fluency, we used centralized mean value in the analyses.

Table 3
Differences in means of pre- and post-test in online credibility evaluation items
across the conditions.

Pre-test Post-test

Online text M SD M SD Paired t-test d

Popular science text 4.55 1.21 4.85 1.44 t(234) = − 3.13, p
= 0.002

1.44

Popular science
news text

4.71 0.95 4.94 0.96 t(235) = − 3.22, p
= 0.001

1.13

Personal blog text 3.92 1.42 4.64 1.16 t(236) = − 7.89, p
< 0.001

1.42

Commercial text 3.83 1.44 4.49 1.17 t(234) = − 7.71, p
< 0.001

1.30

*Note. Scale was 1–6.
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beginning of each lesson. This finding was contrary to our expectation
(Hypothesis 1) because we assumed that the storified videos would
maintain students’ situational interest, whereas non-storified videos
were expected to decline students’ situational interest during the
intervention. However, our findings suggest that both non-storified and
storified videos successfully maintained situational interest, with no
decline in situational interest being observed.

This finding could be explained by professionally produced videos in
which four well-established multimedia design principles were applied
(Mayer, 2014). For example, in both types of videos, instructors used a
conversational style and addressed students while speaking. As the in-
structors in both non-storified and storified videos displayed more
positive than negative emotions, students may have perceived both
videos as engaging and credible (cf. Lawson et al., 2021a). Beyond this,
storifying videos did not seem to confer any additional value. As the
emotional design tends to be effective, and may especially motivate
younger students (Brom et al., 2018), it would be worth investigating
whether storifying instructional videos would be more beneficial in
triggering lower primary school students’ situational interest.

Notably, on average, students in the non-storified and storified
conditions rated their situational interest similarly after watching the
first strategy instruction video (non-storified condition, 3.28 out of 5;
storified condition, 3.24 out of 5). Considering the school context, both
types of videos were able to trigger considerably high situational in-
terest. Being able to trigger and maintain students’ situational interest in
reading-related instruction is promising as reading motivation tends to
decline in early adolescence (Miyamoto et al., 2020).

Regarding positive activating epistemic emotions, students in the
non-storified and storified intervention conditions did not differ in terms
of how their curiosity or excitement changed after watching instruc-
tional videos during the instruction. Again, this contradicted our ex-
pectations (Hypothesis 1). The results showed that students in both
instruction conditions reported their positive activating epistemic
emotions in a slightly declining manner, whereas we expected a decline
only in the non-storified condition. Notably, although the decline was
statistically significant, it was so small that it cannot be considered
pedagogically meaningful.

It is noteworthy that students in the non-storified and storified
conditions did not feel particularly curious or excited. Students rated, on
average, their curiosity and excitement considerably lower than their
situational interest. As curiosity requires a desire to acquire information
that closes a knowledge gap (Loewenstein, 1994), the overconfidence in
one’s online credibility evaluation skills that we have previously
observed among the same age group (Anttonen et al., 2023) may have
served as one barrier to feeling curious. Aligned with this finding, a
study by Metcalfe et al. (2023) found that curiosity is minimal when
people are completely certain that they know the answer to a question at
hand, whereas curiosity is maximal when people believe they almost
know the answer. Metcalfe and colleagues also demonstrated that peo-
ple become more curious when their certainty that they are correct is
undermined. That is, in our case, students might have needed feedback
to be able to assess their knowledge. Finally, our intervention concen-
trated on strategic knowledge, and knowledge gaps might be more
difficult to identify compared to factual knowledge, especially when the

videos did not provide any feedback or reflection prompts.
In addition, students may have watched the instructional videos

rather passively. Videos without interactive elements or prompts that
activate students’ thinking may not effectively induce positive acti-
vating epistemic emotions. In experimental psychology, trivia or
knowledge questions are commonly used to induce epistemic emotions,
especially curiosity (Ozono et al., 2021). Regarding epistemic enjoy-
ment (in our study, excitement), learners can experience it when they,
for example, have satisfied their curiosity (Chevrier et al., 2019) or
managed to solve problems they encounter (Pekrun &
Linnenbrink-Garcia, 2012). Thus, as the videos did not induce much
curiosity or include problem-solving activities, it is not surprising that
students did not feel particularly excited when watching the videos.
Therefore, future research could investigate how incorporating inter-
active elements into storified instructional videos can enhance students’
positive activating epistemic emotions.

Future research should also examine effects of different storification
themes and elements to understand better which kinds of frame stories
or fantasies would be appealing to students of varying ages and back-
grounds (Malone, 1981). Further, analyzing the data at the condition
level may have concealed individual variations in student engagement.
Person-centered approaches are necessary to gain a deeper under-
standing of how individual differences in students’ prior knowledge and
interests related to the learning content are associated with their moti-
vational, emotional, and cognitive engagement.

6.2. Learning outcomes

Regarding students’ learning of online credibility evaluation skills,
the results showed that the non-storified and storified instructions
similarly promoted students’ online credibility evaluation skills. Con-
trary to our expectations (Hypothesis 2, Alternative Hypothesis 2),
students in both conditions performed similarly in the post-test when
evaluating the more credible (popular science and popular science news
texts) and less credible online texts (i.e., personal blog and commercial
text).

As the storified videos did not seem to motivate or emotionally
engage students differently than the non-storified videos, it is not sur-
prising that students in the storified condition did not learn more than
those in the non-storified condition. Thus, contrary to our expectations,
storification did not seem to increase generative processing. However,
incorporating storified elements into the videos did not seem to hamper
students’ learning either. Thus, our study suggests that storified ele-
ments were not so seductive that they hindered learning, or at least that
the possible negative effects were smaller than could be expected in light
of the cognitive theory of multimedia learning (Mayer, 2014).

Notably, the instructional design of the non-storified and storified
interventions was guided by several well-established multimedia
learning principles (i.e., segmentation, signaling, personalization, and
positivity). Consequently, the successful application of these principles
may have kept the essential and extraneous cognitive load so low that
the added extraneous load caused by storification did not overload
learners’ cognitive systems. This may partly explain why storification
elements also did not undermine learning outcomes, as our alternative

Table 4
Differences in deviance score means of online credibility evaluation items in post-test among non-storified and storified conditions.

Non-storified Storified

Online text M SD M SD F df1, df2 p ηp2

Popular science text − 0. 01 0.91 0.05 1.28 0.15 1, 222 0.695 0.001
Popular science news text − 0.02 0.76 0.02 1.00 0.34 1, 223 0.560 0.002
Personal blog text − 0.01 1.19 0.01 1.07 0.05 1, 224 0.817 0.000
Commercial text 0.02 1.13 0.04 1.12 0.16 1, 222 0.687 0.001

*Note. The deviance score was calculated by subtracting a student’s individual online credibility evaluation score from the mean of the corresponding variable of the
students’ class.
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hypothesis expected.
Our study did not find evidence to establish storification as a new

emotional design feature. However, it is possible that storification might
work in other learning domains, in different kinds of learning materials,
or in different populations. In fact, Mayer (2024, p. 19) emphasized that
each design principle “is subject to boundary conditions including for
whom the principle applies, for which kind of lesson the principle ap-
plies, and under what circumstances the principle applies.” Therefore,
researchers should test storification in different settings and reveal
possible boundary conditions.

It is worth highlighting that students learned to question the overall
credibility of the personal blog text and commercial text during the
intervention. The considerably large effect size (Cohen, 1992), espe-
cially considering the learning of questioning, is promising since pre-
vious studies have shown that students struggle more in evaluating less
credible texts than more credible texts (Anttonen et al., 2023; Kiili et al.,
2018).

6.3. Limitations and future research

The present study had several limitations that must be acknowl-
edged. First, we measured situational interest and epistemic emotions
only after students had watched the first strategy instruction video.
Thus, we could not evaluate to what extent the introductory videos and
trailer triggered students’ situational interest in the first place. Since the
initial level of situational interest contributes to subsequent levels of
situational interest (Hidi & Renninger, 2006; Renninger et al., 2019),
measuring situational interest in the beginning would have provided a
more complete and comprehensive understanding of fluctuations in
situational interest during the intervention.

Second, we relied solely on students’ self-reports of their situational
interest and epistemic emotions. Students may have filled in the mea-
sures without thoroughly considering their affective and emotional
states. Also, differentiation of epistemic emotions may have been not
only a novel activity for students but also a challenge in the regular
classroom context. Future research could supplement self-reports with
other measures, such as physiological measures (Graesser, 2020) or
emote-aloud techniques (Craig et al., 2008).

The third limitation was the unequal number of instructors in the
videos. The non-storified videos had one instructor, whereas the stori-
fied videos had two. Future studies could compare non-storified and
storified videos with the same number of instructors. Fourth, the stori-
fied videos were longer than the non-storified ones, providing students
in the storified condition with more processing time. However, all the
videos were short and contained the same learning content. The addi-
tional length of the storified videos was attributed to incorporating the
storified elements.

Finally, the absence of a delayed post-test limited the examination of
potential storification effects on retention or transfer tests. Future
research should incorporate delayed assessments to explore the long-
term impact of storification as an emotional design element on
learning outcomes.

7. Conclusions

This study employed a novel approach to emotional design by stor-
ifying instructional videos with on-screen human instructors. In addi-
tion, storification was extended to other learning materials to offer
students a holistic learning experience. To investigate the added value of
the storified instructional videos, we designed two four-lesson in-
terventions, in which students watched either non-storified or storified
instructional videos and completed related learning assignments aimed
at promoting online credibility evaluation skills.

Storified instructional videos did not confer any added value in terms
of learners’ situational interest or positive activating epistemic emo-
tions. Although instructional videos, regardless of their type, did

maintain students’ situational interest, a slight decline in positive acti-
vating epistemic emotions was observed. Finally, the non-storified and
storified instructions improved students’ online credibility evaluation
skills similarly. These results underscore that professionally designed,
segmented, and personalized videos that signal the key concepts and
deliver the instruction in a positive tone can both trigger and maintain
situational interest and enhance students’ online credibility evaluation
skills without the need to incorporate additional storified elements.
Although we did not find evidence to establish storification as a new
emotional design feature, our study was the first of its kind, and more
research is thus needed in different settings and with different instruc-
tional content.
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Kiili, C., Räikkönen, E., Bråten, I., Strømsø, H. I., & Hagerman, M. S. (2023). Examining
the structure of credibility evaluation when sixth graders read online texts. Journal of
Computer Assisted Learning, 39(3), 954–969. https://doi.org/10.1111/jcal.12779
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writing assessments for secondary school]. Niilo Mäki Instituutti.
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