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Abstract
Over the past decades, researchers have investigated the effects of multimedia design 
principles to enhance learning. These evidence-based principles are known to enable stu-
dents to learn from multimedia resources and support cognitive processing. However, it 
is unclear if and which of these multimedia design principles are implemented in instruc-
tional videos selected by teachers. The purpose of this study is to investigate whether the 
videos screened by secondary school teachers in their classroom are consistent with the 
multimedia design principles based on the cognitive theory of multimedia learning. For 
this study a design review of 78 videos was conducted. The findings indicate variations in 
the application of multimedia principles. While most of the multimedia design principles 
were present, some were transgressed or absent. Moreover, the presence of the three differ-
ent groups of principles, based on their impact on the cognitive load (i.e., reducing extrane-
ous processing, managing essential processing, and fostering generative processing) were 
rarely present in the same video. Finally, this study also revealed that the teachers were 
actively implementing the multimedia design principles when they screened the videos in 
the classroom. Indeed, they frequently applied the pre-training principle (e.g., by introduc-
ing new words to the students before the screening), the segmentation principle (e.g., by 
pausing the video during the screening), and the generative activity principle (e.g., by ask-
ing students to complete a task during or right after the screening). Thus, the present study 
not only provides an insight on the design of authentic instructional videos but also high-
lights the addition of multimedia principles by teachers during the screening.
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1  Introduction

The growth in the number of educational policies that promote digital skills facilitates 
the application of increasingly varied teaching materials. The DigCompEdu Framework 
(European Commission. Joint Research Centre et al., 2017) encourages the use of digital 
media as a tool for innovation and improvement in education and training. In response 
to these educational policies, new textbooks incorporate more digital resources, many 
of which are multimedia documents. This may suggest that digital documents, whether 
single or multimedia, are helpful for learning.

Although the use of instructional videos is not new (see de Koning et  al., 2018; 
Mayer et  al., 2020), their popularity has grown since the early 2000s with the advent 
of massive open online courses (Oh et al., 2020; Yousef et al., 2014). In addition, the 
emergence of easy-to-use tools for editing and sharing videos has rendered this activity 
more accessible (Fiorella, 2021), thus facilitating the integration of videos into teach-
ing sequences. Simultaneously, research into the use of instructional videos in formal 
teaching also increased significantly during the first decade of the twenty-first century 
(Alpert & Hodkinson, 2019; Giannakos, 2013).

From the learner’s perspective, engaging with digital tools, including videos, requires 
new skills and can complicate the learning process (Tricot & Chesné, 2020). In recent 
decades, researchers have investigated the effects of targeted design elements to allow 
students to benefit from the advantages of multimedia documents without generating a 
cognitive overload on working memory. Several elements, such as segmentation (Rey 
et al., 2019), signaling (Alpizar et al., 2020; Richter et al., 2016; Schneider et al., 2018), 
or the presence of generative activities (Fiorella & Mayer, 2021; Wilhelm-Chapin & 
Koszalka, 2016), have been identified as facilitators of the learning process. Research 
in the field proposes a set of 15 design principles to support learning from multime-
dia material. These principles are part of the cognitive theory of multimedia learning 
(CTML) (Mayer, 2001, 2009, 2020). The CTML is particularly suitable for videos since 
learners must simultaneously process auditory information (i.e., sounds, narration) and 
visual information (i.e., pictures, words) that come from two different media.

1.1 � Instructional Video

Instructional videos can be defined in a number of ways. According to Ibrahim et  al. 
(2012), videos are a means of presenting information in the form of a dynamic flow of 
visual and auditory content. Laduron and Rappe (2019) specify the modality of pres-
entation and refer to the instructional videos as “videograms” because they are first 
recorded and then broadcast (which distinguishes them from videoconferencing or vir-
tual reality, for example). Tricot and Chesné (2020) differentiate videos from anima-
tions. According to them, the word animation is used to designate virtual, schematized, 
and abstract representations, whereas the word video is used to designate more realistic 
representations based on the capture of reality. Fiorella (2021) identifies elements that 
clarify the role of the instructor: “Instructional videos are dynamic audiovisual presen-
tations in which an instructor delivers oral explanations while presenting corresponding 
visual information (e.g., graphs, diagrams, animations, or models) on the screen” (p. 
487). Finally, de Koning et al. (2018) define instructional videos according to viewing 
objectives: “Instructional videos differ from videos watched for entertainment in that 
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they have the objective to help someone learn about specific concepts or procedures” 
(p.395).

Although these definitions cover multiple aspects of instructional videos, they do not 
include all the video resources available to teachers. For this reason, the term instructional 
video used in the present study includes not only the types of videos defined above but also 
moving images such as films, documentaries, tutorials, diagrams, modeling…

1.2 � Cognitive Theory of Multimedia Learning

Research on multimedia learning (for a review see, Çeken & Taşkın, 2022; Noetel et al., 
2022) has focused specifically on instructional material, arguing that it has to align with 
the way in which the human brain works for learning to occur. For this reason, the CTML 
(Mayer, 2020) is built on three assumptions based on cognitive science: (a) information 
is processed simultaneously through an auditory and a visual channel (Baddeley, 2000; 
Clark & Paivio, 1991) (b) working memory has a limited capacity (Baddeley, 2012; Bad-
deley & Hitch, 1974), and (c) generative learning is essential, because “comprehension and 
understanding result from the processes of generating relations both among concepts and 
between experience or prior learning and new information” (Wittrock, 1992, p. 532).

Each assumption provides specific insights into the functioning of the human brain, 
and particularly the role of working memory, which is central to the information process-
ing system and therefore to learning. Understanding how the human brain processes new 
knowledge is essential to provide instructional material that promotes meaningful learning 
(Ausubel, 2000).

1.2.1 � Multimedia Design Principles

According to the CTML (Mayer, 2020) and the cognitive load theory (Paas & Sweller, 
2021; Sweller, 1994), it is essential that multimedia materials incorporate elements that 
support the process that leads to meaningful learning and avoids overloading learners’ 
working memory. As Paas and Sweller (2021) state:

The aim of instruction should be to reduce extraneous cognitive load caused by 
inappropriate instructional procedures. Reducing extraneous cognitive load frees up 
working memory capacity and so may allow for an increase in the working resources 
devoted to intrinsic cognitive load, resulting in an increase in germane cognitive 
load.

Thus, the CTML includes a series of multimedia design principles based on research 
evidence to facilitate and support learners’ cognitive processes when learning with multi-
media material. All these design principles are based on a fundamental principle, namely 
the multimedia principle, which relates to the presentation of information in the form of 
images and text. Doing so allows for dual coding of information and supports the creation 
of a mental representation. In addition to this general principle, there are 14 other design 
principles, which are divided into three groups according to their impact on cognitive pro-
cesses: reducing extraneous processing, managing essential processing, and fostering gen-
erative processing (Fiorella & Mayer, 2021; Mayer, 2020).

The first group of principles aims to reduce extraneous processing overload, where the 
unnecessary elements mobilize an excessive amount of cognitive resources. Consequently, 
there is not enough cognitive capacity to engage in essential or generative processing. 
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This group is composed of five principles: the coherence principle, the signaling princi-
ple, the redundancy principle, the spatial contiguity principle, and the temporal contiguity 
principle.

The second group of principles focuses attention on the essential elements by highlight-
ing the relevant and useful learning elements. The segmentation principle, the pre-learning 
principle, and the modality principle focus on avoiding overloading working memory.

The third group covers design principles intended to engage the learner in meaning-
ful learning. The principles aid the learner in making sense of and organizing information 
into a coherent mental model that integrates new and prior knowledge. The group consists 
of the personalization principle, the voice principle, the image principle, the embodiment 
principle, the immersion principle, and the generative activity principle.

1.2.2 � Boundary Conditions

Research on multimedia principles sometimes leads to contradictory, or at least nuanced, 
conclusions. According to Mayer (2020), this is due to the boundary conditions that under-
line the effectiveness of the principles, which depend on the individual characteristics of 
the learner as well as the content and context of learning.

Individual characteristics vary because each learner has different cognitive abilities, per-
sonal motivation, individual learning strategies, and heterogeneous prior knowledge. All 
these elements influence the learning process, which requires the selection, organization, 
and integration of relevant information. Therefore, the same multimedia material can lead 
to different results depending on the learner. For example, it would be more relevant to 
show a system-paced video to learners with limited prior knowledge than to more experi-
mented learners (Biard et al., 2017). This type of segmentation would highlight the impor-
tant steps of a procedure and reduce the cognitive load since the learners would not have 
to use part of their cognitive resources to manage the appropriate video breaks (Spanjers 
et al., 2012). Furthermore, a video could be successfully segmented by learners with good 
prior knowledge (user-paced), as it would be easier for them to identify the important steps 
and interrupt the video accordingly in line with their processing needs (Rey et al., 2019). 
This difference in learning outcomes is known as the expertise reversal principle (Kalyuga, 
2014, 2021; Sweller et al., 2011), where “[…] design principles that are effective for nov-
ice learners may not be effective or even hinder learning for more knowledgeable learners” 
(Kalyuga, 2014, p. 576).

The complexity of learning content depends on the specificities of the discipline and 
the type of multimedia material (Bétrancourt & Benetos, 2018; Mayer, 2020). For exam-
ple, the signaling effect is found to be more beneficial when learning content is complex 
(Mayer, 2020; Désiron et al. 2021) and the modality principle seems to be more beneficial 
when the pace of animation is fast (Ginns, 2005; Mayer, 2020), in which case the process-
ing of verbal information in the auditory channel reduces the load of the visual channel 
with written text. Furthermore, according to Bétrancourt and Benetos (2018), videos that 
present procedures do not involve the same learning processes as those that present con-
cepts. The authors thus conclude that, depending on the learning content, the multimedia 
design principles will not have the same impact.

The effectiveness of multimedia design principles also depends on the learning con-
text and the way in which the multimedia material is presented. For example, the teacher’s 
involvement during the video screening or the setting in which it is displayed could moder-
ate the effect of the design principles. However, such an effect cannot always be replicated 
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(Tabbers & van der Spoel, 2011). Similarly, the involvement of the teacher in organizing 
information also impacts the learning outcome. Novice learners would benefit more from 
elements highlighted by teachers than from those embedded in videos (Castro-Alonso, 
de Koning et  al.,  2021; Castro-Alonso, Wong et  al.,  2021). Finally, the setting in which 
research is conducted (in the laboratory or in the classroom) and the timing of knowledge 
assessment (immediately afterwards or at a later time) are also elements that could influ-
ence the results related to the effect of the multimedia design principles (Mayer, 2020).

Examining the boundary conditions can aid in better defining when and under which 
conditions a principle has a favorable impact on learning.

2 � Research Questions and Methods

Numerous experimental studies have investigated the effect of manipulating multimedia 
principles on learning and engagement and, to a lesser extent, of boundary conditions. 
However, with the exception of a few studies (Guo et al., 2014; Oh et al., 2020), there is 
a gap in the research regarding if and which of these design principles are implemented 
in authentic instructional videos. Therefore, the objective of the present qualitative study 
is to review authentic instructional videos to determine whether the material used in the 
classrooms follows multimedia design principles to support the learning processes. Gain-
ing insights on the design of authentic instructional video through the scope of theoreti-
cally driven and empirically tested multimedia design principles will provide insights on 
how wide the research-practice gap is in this field.

2.1 � Research Questions and Objectives

Through the use of an exploratory method (Swedberg, 2020), this qualitative study sought 
to determine whether instructional videos used in authentic contexts by secondary school 
teachers follow the multimedia principles recommended by the CTML. Therefore, the pre-
sent study investigated whether videos screened in class follow multimedia design princi-
ples, regardless of the subject and the learning content.

As the principles have been categorized into three groups by Mayer (2020), in line with 
the different cognitive loads targeted, we analyzed the presence of the principles in the 
video according to these categories. In line with the boundary conditions presented with 
the design principles (Mayer, 2020), we also collected data on the context of the screening 
to determine whether teachers added principles to the videos. Furthermore, as previous 
research has shown that the combination of the principles of segmentation, signaling, and 
coherence leads to higher learning outcomes (Ibrahim et al., 2012), this group of princi-
ples, also known by the abbreviation SSW (segmenting, signaling, weeding), was analyzed 
separately.

2.2 � Method

2.2.1 � Sampling

In research on multimedia principles, the majority of videos analyzed explain procedural 
or conceptual content (Bétrancourt & Benetos, 2018) and are often limited to science or 
technology subjects (Çeken & Taşkın, 2022). However, in an authentic context, videos 
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are also screened in other school subjects. As the aim of the present study is to provide a 
broad perspective on the use of multimedia principles in an authentic context three catego-
ries of content, based on Bloom’s revised taxonomy (Anderson & Krathwohl, 2001) were 
selected: explaining a procedure, explaining an event, and explaining a concept. Therefore, 
to ensure that these three categories were covered, two disciplines, namely history and sci-
ence, were chosen, based on the following hypothesis: the videos used in science mainly 
pertain to procedures, whereas the videos used in history mainly explain events. The third 
category, the explanation of concepts, is likely to be found in both subjects.

To ensure that the videos had been used in class and that there would be sufficient mate-
rial for a representative sample, the teachers were asked to only share videos that their stu-
dents had watched during the 18 months preceding the study.

The videos, which are the main unit of analysis in this study, were collected with the 
use of the snowball sampling method (Parker et al., 2019). An email request to participate 
in the study was sent to eligible teachers, who then forwarded it to other teachers who also 
met the criteria. In turn, these teachers forwarded the email to more teachers who also met 
the criteria. In total, 12 teachers agreed to participate. An email with an individual link to 
the video submission form online platform (a Lime Survey questionnaire hosted on servers 
of the second author’s university) was sent to each of the 12 teachers. At the conclusion of 
the process, eight teachers had completed the form and provided valid data, and four had 
withdrawn from participation. Ninety-one videos were shared by the eight teachers, but 
13 were excluded because they were not in the requested video format (e.g., a slide show), 
were unavailable, or were not instructional videos (e.g., the movie: Modern Times). The 
final sample for the analysis numbered 78 videos. All data and videos were collected over 
a period of 12 days.

2.2.2 � Material and Data Collection

In addition to the video, two different types of data were collected: (a) metadata regarding 
the videos and their use in class and (b) demographic information regarding the partici-
pating teachers, their acceptance of the technologies, and their alignment with multimedia 
design principles and processing assumptions. All data were collected through an online 
form hosted on Lime Survey, where participating teachers uploaded the videos.

Video metadata The teachers were asked a series of five questions with each video 
upload. In line with the instructor-managed strategies developed by Castro-Alonso, de Kon-
ing  et al., (2021), two questions targeted multimedia principles added by teachers during 
screening (e.g., pausing the screening which would be considered a form of teacher-paced 
segmentation or insertion of generative activities). One question targeted the pre-training 
principle (At which point in your teaching sequence did you use the video?). Another ques-
tion focused on boundary conditions asking about learners’ academic level (pre-vocational 
track or pre-general track). The fifth question aimed to identify the source of the video 
(e.g., official platform, teacher-made, found on the internet) for descriptive reasons.

Teachers’ demographic data The teachers’ acceptance of technology was measured with 
a version of the technology acceptance model (TAM) translated and adapted from Shen 
et  al. (2019), with the addition of the technology use component (Scherer et  al., 2019), 
which includes five components: perceived utility (four items), perceived ease of use (four 
items), attitude toward use (four items), behavioral intention (three items), use (four items). 
Finally, the teachers’ alignment with multimedia principles was measured with a question-
naire developed by Désiron and Petko. (2022) and translated by the author. The final part 
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of the questionnaire focuses on demographic data (gender, age, school, teaching subjects, 
and number of years of teaching). This questionnaire was pre-tested by four teachers who 
did not participate in this study.

The primary unit of analysis in this study is the videos. The teachers’ demographic data 
are used only to describe the video providers.

2.2.3 � Data Analyses

The videos were analyzed using a codebook (see Appendix 1) developed by the authors 
and based on the 15 multimedia principles of the CTML. Some of the principles, such as 
signaling, were further divided to provide a more fine-grained picture of their implementa-
tion in the videos (e.g., verbal signaling, visual gestural signaling, and visual graphic sign-
aling). In addition, three other codes were included: video length (± 6 min) (Brame, 2016; 
Guo et al., 2014; Van Der Meij & Hopfner, 2022) camera viewpoints (1st or 3rd person) 
(Fiorella & Mayer, 2018), and video learning content (explanation of an event, a procedure, 
or a concept). A total of 23 deductive codes (Skjott Linneberg & Korsgaard, 2019) were 
used to analyze the videos.

During the coding process, additional codes were added to the coding scheme, follow-
ing an inductive method (Skjott Linneberg & Korsgaard, 2019). Eight codes were related 
to the gross transgression of the multimedia principles in certain videos. We defined a 
transgression as an element that contradicts a multimedia principle (e.g., transgression of 
temporal contiguity coded when the text is not presented simultaneously with the visuals). 
The absence of a principle was coded when neither a presence nor a transgression was 
identified. Therefore, while a principle could be present or absent, a video could both fol-
low the principle and transgress against it.

In the absence of consensus on the classification of videos (e.g., Bétrancourt & Benetos, 
2018; Imhof et al., 2009; Laduron & Rappe, 2019; Mayer et al., 2020), the classification 
used in this research was established with the use of a deductive-inductive method inspired 
by Alpert and Hodkinson (2019) and based on commonly used definitions, which provided 
five codes related to the content: demonstrations, documentaries, science or historical pop-
ularization, reports, and modeling. At the conclusion of this process, the resulting code-
book included a total of 13 inductive codes.

The codebook was validated with the use of Atlas.ti (version 22.0.2) through an itera-
tive process of individual coding (by the first and second authors) on 14.11% of the videos 
(n = 11), a comparison of results, and discussions on the interpretation of certain codes, 
until a level of “inter-coder agreement” greater than 90% was obtained. The remaining 
videos were then independently coded by the first or second author (58.97% and 26.92%, 
respectively).

3 � Results

Of the final sample, which consisted of a total of 78 videos, 29 were shown in history 
classes and 49 in science classes. None were produced by the teachers. One was recorded 
by students during a science course and used by the teacher as course material for other 
classes. Two were filmed in the first-person perspective (Boucheix et al., 2018).
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Descriptive data from the qualitative coding were computed with Jamovi software 
(2.3.0.0) for quantitative analyses regarding the presence of multimedia design principles 
in the videos. An additional analysis of teacher profiles was also conducted.

3.1 � Teachers’ Demographic Data

Half the participating teachers taught history (n = 4), and the other half taught sciences at 
the lower secondary school level. The teachers practiced in both the pre-general and pre-
vocational tracks, where the teaching curricula overlap considerably; thus, they reported 
that the same video was often shown to learners in both tracks (42.3%). The teachers 
had been practicing for between nine and 23 years (M = 17.6 years, SD = 4.96). Based on 
answers to the TAM questionnaire (see Appendix 2), overall, the participating teachers per-
ceived technology as useful in their practice [3.50; 5.00], used it often [3.67; 5.00], and 
were willing to use it in the future [3.50; 5.00]. Ease of use showed greater variability 
between teachers [2.75; 4.50]. Although overall lower, their attitudes toward technology 
were positive [3.25; 4.00].

Regarding the teachers’ alignment with multimedia principles, all disagreed with the 
coherence principle and referred explicitly to decorative details, yet half of them agreed 
with the dual coding and cognitive load theories that form the basis of the CTML (see 
Appendix 3).

3.2 � Videos’ Overall Descriptive

The descriptive statistics showed that the different types of content were not equally repre-
sented in the two subjects. Modeling (n = 13) and demonstrations (n = 11) were used only 
in science classes. Documentaries were shown almost exclusively in history classes (his-
tory n = 23, science n = 1). Reports (history n = 1, science n = 1) and popularization pro-
grams (history n = 5, science n = 23) were used in both subjects.

Overall, the analyses of the learning content by discipline can be summarized as fol-
lows: explanations of procedures were used exclusively for science and explanations of 
events and explanations of concepts occurred in both teaching subjects, with a marked ten-
dency for the use of one specific type of content in each discipline (see Fig. 1).

The descriptive analyses also showed that few of the historical videos (10.3%) had mul-
tiple types of content, while more than a third of the videos in science (36.7%) did. For 
example, the video explaining the circulation of the blood begins with a historical overview 
of the development of medicine (event) and then illustrates the different steps involved in 
blood circulation (procedure).

The analyses of multimedia design principles by subject—including additions by teach-
ers during the screening—showed no overall differences between the frequency of videos 
on scientific and historical subjects (see Fig. 2). However, multimedia, modality, and voice 
principles were more prevalent in history and coherence, signaling, and personalization 
principles were more prevalent in science.

Cross-analyses of video length conducted according to the 6-min limit recommenda-
tion by Brame (2016), showed that the length did not appear to determine the presence of 
more than one type of learning content. Indeed, 54.4% of videos of 6 min or less have only 
one type of content, compared with 45.6% of videos longer than 6 min. Fisher’s exact test 
(p = 0.072) confirms that, in this sample, there was no significant correlation between video 
length and the presence of several types of learning content.
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Note: Event p<0.001, Procedure p<0.001, Concept p= 0.008, Multiple contents p < 0.011 

Fig. 1   Learning content by discipline

Note: As the immersion principle was absent from all the videos and the image principle was 
only present in one science video, they were excluded from this figure

Fig. 2   Multimedia design principles by discipline
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3.3 � Multimedia Principles in Videos

The initial findings showed that all CTML principles, with the exception of the immer-
sion principle specific to virtual reality, appear at least once in the analyzed sample. The 
multimedia principle was followed in 91% of videos, with 71 videos presenting informa-
tion in the form of images combined with written or oral text. Seven of the videos did not 
follow the multimedia principle, as they contained images without any written or oral text. 
Finally, one video did not follow any multimedia design principles.

The different principles of multimedia design were divided into three cognitive pro-
cesses: reducing extraneous processing, managing essential processing, and fostering gen-
erative processing. According to the CTML, the inclusion of principles from each group is 
essential to support learning from multimedia documents.

At least one principle from each group was present in 30.8% of the videos analyzed. 
When including the principles added by the teachers (segmentation and generative activi-
ties) when students watched the videos together in class (video screening) in the analysis, 
this percentage increases to 70.5%. In Sects. 3.3.2 and 3.3.3, we provide detailed analyses 
when principles added by teachers are explicitly stated.

3.3.1 � Reducing Extraneous Processing

According to the CTML, five multimedia design principles aim to reduce extraneous pro-
cessing: coherence, signaling, redundancy, spatial contiguity, and temporal contiguity. The 
analyses showed that at least one of these principles was present in 88.5% of the videos. 
However, the analysis by principle (see Fig. 3) also showed that, while the coherence prin-
ciple was present in 33.3% of videos, it was clearly transgressed in 59% of the sample. In 
this subset, 90% involve background music. Overall, it was the principle with the highest 
rate of transgressions.

Fig. 3   Distribution of design principles for reducing extraneous processing and their transgression in videos
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The signaling principle was present in 64.1% of the videos. Detailed analysis during 
the coding process provided a clearer view of the actual implementation of this principle, 
which was divided into three types of signaling that could be found simultaneously in the 
same video: verbal signaling (21.8%), visual gesture signaling (19.2%), and graphic visual 
signaling (51.3%). Transgression of the signaling principle occurred in 2.6% of the videos, 
where visual gesture or visual graphic signaling did not correspond to the narrative.

The redundancy principle is respected when spoken text is not duplicated in printed 
form, which was the case in 51.3% of the videos. The transgression of the redundancy prin-
ciple (5.1%) was coded when printed text was added to the narration, except for specific 
vocabulary words intended to help the learner (e.g., foreign language).

The spatial contiguity principle was present in 26.9% of the videos. This principle is 
applied when a written text clarifies an illustration. It does not conflict with the redundancy 
principle because only essential information is explained, mainly in the form of keywords.

More than half of the videos (64.1%) followed the temporal contiguity principle, and 
9% included a transgression of the principle when corresponding words and images were 
time-lagged.

3.3.2 � Managing Essential Processing

Three design principles of the CTML target the management of essential processing: seg-
menting, pre-training, and modality. This group of principles is the most widespread in the 
analyzed sample (93.6%). Even segmentation added by teachers during video screening 
had minimal influence on this result (94.9%) (see Fig. 4).

Based on video and practice data, the segmenting principle was divided into system-
paced and teacher-paced segmenting. System-paced segmenting was only found in two 
videos, while teacher-paced segmenting—which refers to when a video is interrupted dur-
ing viewing—was implemented for 44.9% of the videos. It is worth noting that the two sys-
tem-paced videos were also segmented by the teachers. A chi-square test of independence 

Fig. 4   Distribution of design principles for managing essential processing and their transgression in videos
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was performed to examine the relationship between teacher-paced segmenting and video 
length. The relationship between these variables was not significant: X2 (1, N = 78) = 0.033, 
p = 0.856. Video length did not influence the addition of teacher-paced segmenting.

The pre-training principle was derived from the data collected in the questionnaire since 
it occurred before viewing. In this case, the principle was followed in 76.9% of the videos 
in the sample.

The modality principle was found in 67.9% of the videos. The principle was considered 
absent in 12.9% of the videos; these particular videos only featured a single medium (pic-
torial). Transgressions were found in 19.2% of the videos. The transgression of the modal-
ity principle was coded when the pictorial medium was accompanied by written text with-
out auditory narration.

3.3.3 � Fostering Generative Processing

Overall, 78.2% of the videos included at least one of the CTML design principles aiming to 
foster generative processing, which increased to 87.2% when generative activities added by 
teachers during the screening were included (Fig. 5).

The personalization principle was present in 43.6% of the videos. Its transgression due 
to a formal style appeared in 33.3% of the videos. In 23.1% of the videos, the principle 
could not be assessed, as there was no auditory narration.

The voice principle was found in 76.9% of videos. However, where it was absent, the 
absence was due to a lack of auditory narration and not due to the use of a synthesized 
voice, which would have been coded as a transgression.

The low rate for the embodiment principle (32.1%) is due to the high number of videos 
without a tutor visible on the screen (64.1%). Transgressions of this principle were found 
in 3.8% of the videos.

The image principle was found in a single video, which shows an overall alignment with 
this principle since it requires to be avoided (Mayer, 2020).

0%
10%
20%
30%
40%
50%
60%
70%
80%
90%

100%

Principle

Transgression

Fig. 5   Distribution of design principles for fostering generative processing and their transgression in videos
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The immersion principle, which is inherent to virtual reality (Mayer, 2020) and 3D, was 
absent from all the videos.

The generative activity principle was present in 10.3% of the videos through the ques-
tions asked by the narrator to guide observation. This principle was also added by teachers 
as part of the learning sequences (44.9%). Generative activities, which may appear simulta-
neously, were oral questions to students (51.4%), highlighting important elements (85.7%), 
discussion (74.3%), note-taking by students (22.9%), answering a questionnaire (17.1%), 
and other activities (42.9%). Overall, in five out of eight videos, both video-integrated and 
teacher-initiated generative activities were included.

3.3.4 � SSW (Segmenting, Signaling, and Weeding)

While the CTML analyzes multimedia principles independently, one from the other, there 
is a dearth of research on learning with authentic videos that has investigated a combina-
tion of several principles (Brame, 2016; Ibrahim et al., 2012). Therefore, we also analyzed 
the concurrent presence of the segmentation, signaling, and coherence principles.

Combined, these three principles were found in 2.6% of the videos, and this percentage 
increased to 16.7% when teacher-paced segmentation was included.

3.3.5 � Boundary Conditions

To analyze whether the boundary conditions of multimedia design principles related to stu-
dents’ learning abilities were respected, the videos were divided into three groups based on 
the questionnaire data: videos used in the pre-vocational track (students with lower learn-
ing abilities), in the pre-general track (students with well-developed learning abilities), or 
in both levels. We conducted cross-tabulated analyses between the schooling tracks of the 
students and the presence of multimedia principles in the videos. The first analysis shows 
that 42.3% of videos were shown in both tracks, 28.2% only in the pre-general track, and 
29.5% only in the pre-vocational track. Based on these results, further analysis was deemed 
unnecessary.

To investigate whether the need for prior knowledge for less expert students (Mayer, 
2020) was fulfilled, grade-level was cross-referenced with when the videos were screened 
during the teaching sequence. We assumed that the students had prior knowledge of the 
topic when the videos were shown in the middle or at the end of the teaching sequence. 
This analysis showed that, in 82.6% of video screenings, pre-vocational track students had 
prior knowledge. For videos shown in the pre-general track, the result was 90.9%.

4 � Discussion

Research into instructional videos has generally adopted an experimental approach to test-
ing the effectiveness of the design principles derived from the CTML and the cognitive 
load theory. Most principles were found to benefit learning outcomes and, or reduce cog-
nitive load (Noetel et al., 2022; Rey et al., 2019; Schroeder & Cenkci, 2018; Sundarara-
jan & Adesope, 2020). Although some studies were conducted in authentic settings, the 
materials used themselves were mainly developed and manipulated for the purpose of the 
studies. Thus, the transfer to practice remains uncertain. The present study investigated the 
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correspondence between multimedia document design principles – from the CTML, CLT, 
and empirical results – and authentic videos, screened by teachers in class.

4.1 � Correspondence Between the Video Sample and Multimedia Design Principles

Looking at the overall picture, the results appear to be aligned with those of previous 
research on the use of design principles in authentic contexts, such as MOOCs. In their 
study, Oh et al. (2020) assessed the presence of design principles in MOOCs. However, a 
closer examination indicated that the principles are related only to facilitate some specific 
part of the learning process, which was not sufficient to enhance learning outcomes. Our 
research shows the same results with approximatively 90% of the analyzed sample follow-
ing at least one of the multimedia design principles. A closer examination of the principles 
included by following the three categories defined by Mayer (Mayer, 2001, 2009, 2020) 
showed a similar picture within categories for principles that reduce extraneous process-
ing (> 80%) or manage essential processing (> 90%), and, to a lesser extent, for principles 
that foster generative processing (> 70%). However, our qualitative analysis also identified 
that there was a cumulative presence of at least one principle per category, in only approxi-
mately 30% of the videos, although this should theoretically be the aim of instructional 
videos (Mayer, 2020). Finally, although previous research (Ibrahim et  al., 2012; Noetel 
et al., 2022) has reported that the SSW principles were particularly efficient in supporting 
learning, we found that these were not often followed in our sample of videos.

We also reported gross transgressions of principles stated negatively (i.e., redundancy, 
coherence, temporal contiguity, modality and personalization principles) to provide an 
accurate assessment of the correspondence between videos and the multimedia design 
principles. Such transgressions were mainly found for the coherence and personalization 
principles, and, in particular, coherence was more often transgressed than respected.

The results from the present study regarding the correspondence of authentic instruc-
tional videos with multimedia design principles provide a good overview of the quality 
of the videos actually used by teachers of history and sciences. However, more research is 
required to assess whether the design of such authentic videos is favorable for or detrimen-
tal to learning outcomes. In the latter case, further experimental studies with videos could 
be conducted to improve the correspondence of the videos with the multimedia learning 
design principles.

4.2 � Teacher‑Implemented Multimedia Design Principles

Nonetheless, our results also show that teachers can play an active role in implement-
ing multimedia design principles for videos screened in class. Indeed, on the basis of the 
strategies that instructors can use to optimize instructional materials identified by Castro-
Alonso, de Koning et al. (2021), we collected data on how teachers apply the segmenta-
tion principle when showing a video in class. In the sample analyzed here, we found that, 
although only two videos included segmentation, the teachers interrupted the videos (i.e., 
temporary pausing during screening) in more than 40% of the cases. Interestingly, contin-
gency analyses showed that although one of the purposes of segmenting is to divide long 
videos into parts to limit cognitive overload, we found that the recommended 6-min video 
length (Brame, 2016; Guo et al., 2014) did not affect teacher-paced segmenting.

Data provided by teachers to assess whether they followed the pre-training princi-
ple showed that this did occur in more than three quarters of the videos. The generative 
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activity principle, however, was not often implemented by teachers and scarcely present in 
the videos.

Although research on learner-managed multimedia content interaction is a growing 
field, the fact that videos are viewed not only individually but also in a class setting is not 
considered. This study provides a first glimpse into teacher-managed multimedia content 
interaction to encourage learners to learn the intended content. Nevertheless, additional 
observational studies are required to get a better picture of how teachers actually imple-
ment multimedia principles in authentic videos they selected for class screening. For exam-
ple, future research could investigate whether teachers’ training to use gestures as a com-
munication tool (e.g., Alibali et al., 2013; Wakefield et al., 2018) is transferred to the use 
of gestures to signal elements during video screening. Furthermore, as software for editing 
videos is becoming more readily available and ergonomic, teachers might increasingly edit 
videos. Future research could therefore investigate the implementation of the multimedia 
principles by teachers both before and during the screening in class. Research pursuing 
such avenues should, however, also consider teachers’ misconceptions toward multimedia 
learning. Indeed, recent research by Eitel et al. (2021) has shown that a majority of both 
in-service and pre-service teachers hold common misconceptions regarding learning styles, 
hemispheric isolation, and naïve summation. Nonetheless, Prinz et al. (2022) have shown 
that these misconceptions could possibly be rebutted.

4.3 � Limitations and Perspectives

The limitations of this study include the sample itself, with the generalization of the results 
being limited to the subjects taught by the participating teachers and the targeted grade 
levels. Although the teachers were involved in different tracks (pre-vocational and pre-gen-
eral), the curricula for these are similar, so they often used a video for both tracks. None-
theless, our analysis is based on a particular population and should be repeated with other 
teaching subjects as well as different schooling levels.

While this study provides an extensive review of the presence of or transgression of 
multimedia learning design principles in authentic videos, it does not question the validity 
of said principles in authentic materials. During the coding process, it was sometimes dif-
ficult to code with simple yes or no options. For example, the coherence principle is often 
presented as a negative principle with reference to seductive details (Moreno & Mayer, 
2000a; Sundararajan & Adesope, 2020). Moreover, seductive details and the coherence 
principle are mostly investigated through pictorial or verbal representations, but the role of 
background music remains unclear. Based on the sample analyzed here, we would strongly 
recommend that when background music supports learning. Although studies by Lehmann 
and colleagues () found a positive effect of positive mood-inducing music on learning out-
comes, it has not yet been investigated in authentic videos. In the sample of videos ana-
lyzed, we noted that music without any link to the content was sometimes used, or, in con-
trast, sometimes seemed to be used as a means of signaling.

Finally, as mentioned previously, one major focus of this study is the evaluation of the 
positive or detrimental effect of the adequacy of authentic video with multimedia learning 
design principles on learning outcomes and cognitive load. Video edited by teachers could 
also be investigated with the coding scheme developed in this study and the framework 
from Ring and Brahm (2022). More research is necessary regarding the effect of multime-
dia learning design principles in authentic video and in authentic contexts.
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5 � Conclusion

The present research offers a first insight into the potential application of multimedia 
design principles to instructional videos screened in authentic settings. Although the find-
ings indicate that videos used in the classroom are overall not aligned with the CTML, they 
also suggest that multimedia design principles are added by teachers during the lesson. The 
analysis of the teaching scenarios that include videos provides a more comprehensive and 
detailed understanding of the integration of multimedia design principles in an authentic 
context. Future research could examine the impact of the principles, whether incorporated 
in videos or added by teachers, on students’ learning outcomes. Lastly, it would also be 
valuable to study the effect of group screening inherent to the use of instructional videos in 
authentic classroom settings.

Appendices

Appendix 1 Codebook (translated from original version)

Code  Definition  Example  Source

Minimize extraneous processing
Coherence No unnecessary ele-

ments. The multimedia 
material contains only 
the essentials

Remove unnecessary 
details even if they 
are interesting

Remove background 
music if it is not part 
of the content to be 
transmitted (music 
video exception)

Lehmann & Seufert 
(2017), Mayer & 
Moreno (2003), Moreno 
& Mayer (2000a), 
Sundararajan & Ades-
ope (2020)

Infr_Coherence* Presence of unnecessary 
elements, which do not 
support the process-
ing of information and 
divert attention from 
the essential elements

Background music unre-
lated to the content

Decorative illustrations

Moreno and Mayer 
(2000a)

Signal_Verbal Highlighting impor-
tant words and their 
organization among 
themselves

Orally, keywords are 
said more accentuated 
or slower than other 
words

In writing, the different 
elements can be organ-
ized into paragraphs

Use words to highlight 
the steps in a process 
(to begin with, at the 
end…)

Mautone and Mayer 
(2001), Richter et al. 
(2016), Schneider et al. 
(2018), Xie et al. (2019)

Signal_Visu_Gest Signaling an important 
element by a specific 
gesture

A specific element is 
pointed out by the 
narrator at the same 
time as he or she men-
tions it

Xie et al. (2019)
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Code  Definition  Example  Source

Signal_Visu_Graph Graphical signal of an 
important element

An arrow or label 
is inserted on the 
artwork to point to 
an item. One word is 
highlighted (e.g. bold, 
colorful)

Richter et al. (2016)

Redundancy Better meaningful 
learning with images 
and oral text, without 
repetition of text in 
writing

Do not add written text 
when an oral text 
explains or describes 
a pattern. Excep-
tions: subtitles in a 
foreign language or 
if the written text is 
much shorter, such as 
keywords

Mayer (2020), Noetel 
et al. (2022)

Infr_Redundancy* Presence of written text 
repeating the oral text

Spatial_contiguity Present the written text 
as close as possible to 
what it describes in the 
pictorial representa-
tion, so that the eyes 
movement between 
the two elements is as 
short as possible. It is a 
purely visual process

Put words that describe 
an element of an 
illustration next to that 
element and not at 
the bottom/ top of the 
screen

Ginns (2006), Mayer 
(2020), Schroeder and 
Cenkci (2018)

Inf_Spatial_contiguity* Words are not close to 
what they refer to

The entire legend of a 
diagram is included, in 
bulk or at the bottom 
of the screen

Temporal_contiguity “People learn better 
when words and corre-
sponding graphics are 
physically integrated 
rather than separated” 
(Mayer, 2020, p. 227) 
Visual and auditory 
process

Explain how the heart 
works with words and 
at the same time show 
an animation that 
illustrates the text

Mayer (2020), Noetel 
et al. (2022)

Inf_Temp_contiguity* Give first the text and 
then the illustrations or 
vice versa

Present a diagram visu-
ally, then explain it 
orally by removing the 
diagram

Manage essential processing
Segmentation_system Divide the multimedia 

material into several 
separate elements

Pre-cut the presentation 
into several coherent 
segments, such as the 
different steps of a 
complex procedure. At 
the end of each seg-
ment the presentation 
stops, and the learner 
chooses when to 
relaunch it

Biard et al. (2017), Rey 
et al. (2019), Spanjers 
et al., (2010, 2012)
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Code  Definition  Example  Source

Segmentation_teach When teachers stop 
the video during the 
screening

Pre-training Know key words or con-
cepts before you see a 
complex multimedia 
presentation

Know the name and 
operation of the dif-
ferent elements of a 
brake before seeing a 
multimedia presenta-
tion explaining how 
the brakes of a car 
work

Mayer et al. (2002), Mayer 
and Fiorella (2021)

Modality “Better meaningful 
learning with images 
and narration, than 
with images and 
printed text” (Mayer, 
2020, p. 281)

Present a procedure 
through animation 
and narration that 
explains it

Ginns (2005), Mayer and 
Fiorella (2021)

Infr_Modality* Present an image and 
written text. Both 
elements enter through 
the same sensory chan-
nel, there is a risk of 
cognitive overload of 
the channel

Present a procedure 
through an animation 
and a written text, 
without oral explana-
tion

Foster generative processing
Personalization The narration is in con-

versational tone
Use terms that include 

the learner, address-
ing him or her (You, 
your …)

Ginns et al. (2013), 
Moreno and Mayer 
(2000b)

Infr_Personalization* The narration is said 
with a formal tone

Do not use terms that 
include the learner. 
Speaking in a general 
way (We…)

Voice “People learn more 
deeply when the words 
in a multimedia mes-
sage are spoken in a 
human voice rather 
than in a machine 
voice” (Mayer, 2020, 
p. 322)

The voice of the multi-
media presentation is 
human and motivating, 
it engages the learner 
(appealing)

Atkinson et al. (2005), 
Castro-Alonso, De Kon-
ing et al. (2021), Mayer 
(2020)

Infr_Voice* A human and monoto-
nous voice, or an arti-
ficial voice (to a lesser 
extent) will have no 
effect on engagement

Image “people do not necessar-
ily learn more deeply 
from a multimedia 
presentation when the 
speaker’s image is on 
the screen rather than 
not on the screen” 
(Mayer, 2020, p. 331)

Having a character who 
has no expressions 
or gestures when he 
speaks. This principle 
is not recommended 
by Mayer

Mayer (2020)
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Code  Definition  Example  Source

Embodiement Better meaningful learn-
ing with a multimedia 
message delivered 
by a highly animated 
character, which cre-
ates a sense of social 
belonging

The gestures of the char-
acter are animated, 
as during an informal 
conversation. Gestures 
accompany speech, 
eye contact is created

This principle also 
works if you only see a 
hand drawing

Castro-Alonso, Wong, 
et al. (2021) (Castro-
Alonso, de Knoning 
et al. (2021), Mayer 
(2020)

Infr_Embodiement* The character delivering 
the message is static 
and does not create any 
sense of social belong-
ing. (Low embodi-
ment)

A character who 
explains an event and 
remains very static. 
Show a dynami-
cally drawn graphic 
(live), but without the 
instructor’s hands

Immersion Learning is not better 
with virtual reality

This principle was not 
present in the videos 
sample and is not rec-
ommended by Mayer

Mayer (2020), Meyer et al. 
(2019)

Generative_activity Better learning when 
learners are supported 
to perform activities 
that allow them to 
structure their knowl-
edge while they learn

Ask questions to guide 
observation

Brame (2016, p. 20), 
Fiorella and Mayer 
(2016)

Multimedia Better learning with 
images AND text

Have images that illus-
trate what the text says 
(orally)

Mayer (2020)

Additionnal codes
Less_6min Videos are less than 6 

min long
Brame (2016), Guo et al. 

(2014)
Third _person The camera films as if 

the viewer is facing 
the stage

Fiorella and Mayer (2018)

First _person The camera films 
“through” the viewer’s 
eyes

During a manipulation, 
the spectator sees the 
hands as if they were 
his own

Fiorella and Mayer (2018)

Expl_event Event that happened, 
mostly historical

The French Revolution

Expl_process Step-by-step develop-
ment

Blood circulation, the 
use of an application

Expl_concept General idea, mental and 
abstract representa-
tion that we have of an 
object. Notion, theory, 
mental representa-
tion …

Totalitarian regimes

Demonstration* Describe how a device or 
process works

MotionShot app 
explainer video
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Code  Definition  Example  Source

Documentary* Film whose images are 
usually from archives 
and which aims to 
explain something

“Noise and fury”

Popularisation_pro-
gram*

Aims to explain some-
thing in a clear and 
simple way (Popular 
science)

“It’s not rocket science” 
or “Live from our 
past”

Reportage* Investigation of recent 
events, report

Destruction of the statue 
of Christopher Colum-
bus in Caracas (2004)

The references with the (*) indicate the references of the appendix 1

Appendix 2 Teachers’ answers to the TAM questionnaire

Teacher Perceived utility Perceived ease 
of use

Attitude toward 
use

Behavioral inten-
tion

Use

1 5.00 3.00 2.00 4.00 4.00
2 4.00 4.00 4.00 5.00 4.00
3 5.00 4.00 4.00 5.00 4.00
4 4.00 3.00 2.00 5.00 3.00
5 4.00 4.00 4.00 4.00 3.00
6 4.00 4.00 3.00 4.00 4.00
7 4.00 4.00 3.00 5.00 3.00
8 4.00 3.00 3.00 5.00 4.00

Appendix 3 Teachers’ answers to the multimedia principles questionnaire

Teacher Working memory Dual coding Coherence Segmentation

1 Yes Yes No Yes
2 Yes No No Yes
3 Yes Yes No Yes
4 No No No Yes
5 Yes Yes No No
6 Yes No No No
7 Yes No No Yes
8 Yes No No Yes
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