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Abstract

The article presents a systematic analysis of international literature concerning the design of educational
audiovisual texts at university level. The theme appears very important in light of the extensive use of these cognitive
artefacts in flipped, blended,Massive Online Open Courses (MOOCs) teaching processes. This is even more important
in the era of health emergency that has led to the use of audiovisual text as the main teaching medium at school and
university. The aim of the work is to provide a contribution to research on educational technologies for the purpose of
identifying new instructional design principles that support multimedia learning. The analysis highlighted new research
directions, such as the significant role of the camera point of view in learning complex manual procedures, new design
elements on the ways of representing the teacher and his/her communicative attitude, and the increasingly close
relationship between educational sciences and neuroscience. The result may be useful, on the one hand, as a stimulus
for an in-depth study of the new lines of research identified, by researchers on educational technologies, and on the
other, for a more informed evidence-based use of audiovisual texts in teaching practices.

Keywords: Teaching media; open and distance learning; learning object, e-learning content; teaching methodology.

Introduction

The reference area of the design of audiovisual texts is that of didactic video or video-based learning, a research area
that deals with theoretical and methodological aspects relating to the principles of knowledge construction through
cognitive artefacts based on visual/audiovisual/audio/multimedia languages and network technologies, used with the
aim of making learning processes meaningful. The study of these texts, used in the representation of factual, conceptual,
procedural or metacognitive knowledge, in all subject areas is not a new phenomenon, but in recent years, with the
spread of new didactic methods, flipped, blended, MOOC:s, there has been a renewed interest in this technology. Not to
mention the Covid-19 emergency that led to the use of audiovisual text as the main teaching medium. For this reason, it
appears useful to identify scientific evidence related to the new design guidelines of these important educational
resources.

Background

Numerous studies have shown how video can be effective in training processes if the rules of instructional design
are respected: correct management of the cognitive load, enhancement of theories on multimedia learning, promotion of
student involvement and active learning. All these points, especially the first two, are widely treated on a scientific
level, but still do not find effective application in teaching practices, based on random or instrumental choices relating
to the use of these resources (Ganino, 2018).

The theories on cognitive load and multimedia learning recall a long tradition of study, which can be placed within
the discipline of instructional design (Clark & Lyons, 2010; Mayer, 2009; Sweller, 1988; Sweller et al., 1998, 2019),
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according to which the enhancement of didactic content through videos or multimedia presentations made with the
intention of reducing the extraneous cognitive load, increasing the relevant one and managing the intrinsic one improves
learning outcomes.

Regarding the promotion of involvement and attention, many researchers agree that audiovisual texts are the
favourite educational resource among university students (Carmichael et al., 2018), thanks to the greater personalisation
of the learning path and greater participation in problem-based learning educational processes allowed by these
resources. For example, consider the possibility of learning from experts in the field, in a concrete and non-abstract way,
according to a visual approach able to reduce the cognitive load necessary to mentally recall real situations or perform a
process of mental animation to give concrete meaning to the processes, especially in STEM (Science, Technology,
Engineering and Mathematics) subjects (Castro-Alonso et al., 2018). The involvement can have an impact on the
behavioural, cognitive and emotional spheres, and the most easily measurable through web analytics tools is the first,
the behavioural one, that is, the measurement of the frequency (of connection and for how long) and participation
(carrying out self-assessment tests).

With regard to the enhancement of active learning, in addition to what has been stated in the previous point, there
are solutions and methodologies that can promote the active role of the student and bring the mode of audiovisual use
closer to the alphabetical-textual one. In particular, the two learning schemes, one based on immersion and the other on
abstraction, can come together through the use of digital and multimedia languages, allowed, for example, by video
annotation applications.

Materials and methods

The analysis of the literature presented was carried out according to a six-step process in accordance with the theory
developed by Machi and McEvoy (2016), integrated, for point 3, with a protocol relating to the Prisma guidelines
(Liberati et al., 2015).

Problem identification and analysis tool (points 1 and 2). Starting from the research objective — to provide a
synthetic framework and critical analysis of the evidence emerging in the literature of audiovisual text design — the
following question was formulated: Are there any guidelines that can help in the correct design of educational
audiovisual texts?

Identification, collection and organisation of literature (point 3). For the identification and selection of scientific
literature, primary and secondary studies, a series of databases were queried through the Library System of the
University of Ferrara (cerc @ unife, EBSCO Discovery Service):
® the rescarch was carried out in the months of March 2020—November 2020;
® the research was limited to articles published in English over the previous 10 years;

® Elsevier Science Direct, ISI Web of Science, JSTOR, Open Dissertations, Scopus, SpringerLink, Wiley Online
Library and Rivisteweb-Il Mulino/Carocci databases were consulted. The search was refined with the Google
Scholar query.

A series of peer-reviewed academic publications with links to the full text were identified through the following
search keywords and related Boolean operators: instructional video OR video lectures OR educational videos OR online
lecture AND (University OR higher education OR college). One thousand six hundred and seventy-five studies were
identified (see Fig. 1); 54 reviews and research reports were deleted from these. The research was perfected through
selection of the aggregated contributions according to the following categories: education, learning, teaching methods,
educational technology, higher education, teaching, online education, educational films, e-learning, distance education,
instructional films, learning strategies, blended learning, flipped classroom. This process identified 1210 relevant
articles. The subsequent review process (reading of the abstract and then of the entire text) identified 21 articles.
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Results

Data analysis and critique of the identified contents (points 4, 5 and 6 of the six-phase process) were carried out with
respect to the research question. We have grouped them into three research areas — the significant role of the subjective
point of view of the camera, new design elements relating to the mode of representation of the teacher and his/her
communicative attitude, the increasingly close relationship between educational sciences and neuroscience — each
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Fig. 1 Flow chart of the studies included in the review

linked to a specific multimedia principle (see Table 1).

Table 1. Summary of the data extrapolated from the identified studies

Authors (year)

Research area

Focus

1 Lyons et al. (2012)

Representation of the teacher

Social presence signals reduce perceived learning
for students with low technological knowledge; they
increase learning in online courses (students with
greater digital skills)

2 Cook et al. (2012)

Representation of the teacher

Principle of gestures and lexical recovery by the
teacher

3 Garland and Sanchez
(2013)

Video and subjective point of view (over
the shoulder)

Procedural learning about knot tying

4 Choi et al. (2014)

Close relationship between educational
sciences and neuroscience

Cognitive load and environmental factors

5 Guo et al. (2014)

Representation of the teacher

Use of talking head, Khan style drawings and
brevity lead to greater involvement

6 Kizilcec et al. (2014)

Representation of the teacher

Sense of social presence and positive effect on
information memorisation, attention and interest

7 Kizilcec et al. (2015)

Representation of the teacher

Principle of the image: strategic use of the
teacher's face (alternating with the visual message)
promotes a sense of social presence without
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determining an extraneous cognitive load

8 Fiorella and Mayer Representation of the teacher Hand movement and relevant information
(2016)
9 Jannin et al. (2017) Egocentric (subjective) versus Procedural learning about five surgical sutures

heterocentric (objective) point of view and
mental rotation

10 Fattorini and Paoletti Representation of the teacher Principle of gestures and multimedia message
(2017) enhancement

11 van Wermeskerken et al. | Representation of the teacher People learn better from a video lesson when the
(2017) onscreen instructor shifts his/her gaze between the

audience and board

12 Boucheix et al. (2018) Mixed camera point of view (subjective, Procedural learning: catheter insertion in the
objective) human body
13 Wilson et al. (2018); Representation of the teacher Presence increases the student's sense of

satisfaction even if it compromises learning due to
the division of attention

14 Chen et al. (2018) Close relationship between educational New working memory modes
sciences and neuroscience

15 van Merriénboer and Close relationship between educational Cognitive load and 4C/ID four-component model
Kirschner (2018) sciences and neuroscience

16 Sweller et al. (2019) Close relationship between educational Discipline progress in terms of new educational
sciences and neuroscience effects and future research directions

17 Anmarkrud et al. (2019) Close relationship between educational Nine-level Likert scales to self-measure overall
sciences and neuroscience cognitive load or intrinsic, extraneous or relevant

loads

18 Schmidt et al. (2020) Subjective point of view of the camera Procedural learning: laparoscopy and knot suturing

19 Wang et al. (2020) Close relationship between educational Presence of the teacher and cognitive load: joint
sciences and neuroscience use of subjective measurement and objective

measurement based on the EEG

20 Mayer, Fiorella and Stull Representation of the teacher Significant value of the gaze and dynamic drawing
(2020) increase the sense of social collaboration

The camera point of view: perception and learning

Several studies identified have investigated the role of the subjective or third-person point of view of the camera in
learning procedural skills. This point of view appears useful in creating effective educational videos in terms of
reducing procedural learning time and the likelihood of making mistakes in carrying out the task. Through the use of the
subjective point of view, Garland and Sanchez (2013) have verified improvements in knot-tying skills and Jannin et al.
(2017) have shown improvements by medical students in the insertion of medical sutures.

Boucheix et al. (2018) investigated the role of subjective point of view in learning a complex manual procedure in
the medical field — the insertion of a urinary catheter into the human body simulated by a manikin. In the research
involving 43 French students divided into three experimental groups, the procedure (consisting of 25 phases, divided
into five modules) was shown in three different videos of the same duration: a) from a frontal perspective, b) from a
teacher shoulder perspective, or in first person and c¢) from a mixed perspective. The results were better for the three
experimental groups than for the control group, confirming the benefits of video in procedural learning. The students
who were given the video with the dual point of view scored higher than the other groups. The method of construction
of the instructional video according to the double point of view procedure was also tested in a work by Schmidt et al.
(2020) related to a self-training teaching activity for medical students (University of Heidelberg in Germany): learning
of the laparoscopic suture and the relative tying of the knot according to the C-loop technique. The experimentation
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with the presence of blinded evaluators involved the presence of two groups subjected to: a) watching a video made
through the combination of a double point of view, in first person (view of hands, instruments and movement of the
forearm) and in third person (the endoscopic image) and b) watching a video exclusively composed of the endoscopic
view. Although the participants of both groups perceived the first-person perspective as useful for learning new
laparoscopic skills, the average training time to reach protocol competence did not show any significant differences
between the two groups. The contradiction between objective performance and subjective perception by the participants
in this study may have been influenced by multiple factors. Consider, for example, how research (in Schmidt et al.,
2020) recommends the use of third-person images for learning basic laparoscopic skills and first-person images for
learning more complex skills (also supplemented by good initial psychomotor skills). Discrepancy in results should,
therefore, be better assessed in future research, possibly using a more homogeneous study population in terms of
laparoscopic experience.

Mode of instructor s representation and his/her communicative attitude

A much discussed topic concerns the choice relating to the presence/absence of the teacher within the audiovisual
texts based on two main reference theories, that of social presence and that of the increase in cognitive load due to
divided attention.

The research activities identified, relating to the first theory, consider social signals as useful for creating greater
involvement, in terms of motivation and collaboration of the student: the presence of the teacher increases the sense of
satisfaction of the student, who, for this reason, believes to have learned more (Kizilcec et al., 2015; Lyons et al., 2012;
Wang et al., 2020; Wilson et al., 2018) and determines to show more interest and have interaction with the course
content (Guo et al., 2014). Kizilcec and colleagues compared the constant inclusion of a talking head in the video with a
moderate presence and discovered that, although there were no significant differences in terms of learning performance,
the students preferred the constant presence of the teacher's face. The research activities related to the cognitive load
theory consider the image of the instructor as a cause of split attention: the student is distracted from the didactic
content by the presence of signals such as gestures, eye contact and facial expressions, as highlighted by several
eyepiece-tracking studies (Kizilcec et al., 2014; Wang et al., 2020). Other experiments have provided empirical
evidence to support this theoretical assumption, as they did not reveal any obvious advantage from the presence of the
instructor (Kizilcec et al., 2014) and highlighted obstacles to learning performance (Wilson et al., 2018).

Other recurring themes identified in the review concern the communicative attitude of the teacher in terms of the
functional use of gestures, gazes, hand movement and dynamic drawing. As stated by Fattorini and Paoletti (2017) is
important to investigate the role of illustrative gestures whose characteristics in terms of the functions of clarification,
extension or highlighting of the content, identified by Poggi and Caldognetto (1997), can influence the communicative
dynamics of the didactic message. The gestures that signal important information, organise them and explain them can
have significant value in didactic processes, both for the student in terms of greater propensity to remember and for the
speaker in terms of better expressive capacity and reduction of pauses associated with lexical recovery difficulties
(Cook et al., 2012). Fattorini and Paoletti paid attention to the use of gestures through making a distinction between
significant and insignificant gestures and finding the connection between gestures and spoken speech, not only as
relevant elements for student learning and motivation, but also as possible sources of extraneous cognitive load, when
exclusively expressive and non-informative.

In relation to the gaze, during the video lesson, the instructor can keep his/her gaze fixed or change direction on the
students or visuals. Research indicates that students learn best when the instructor alternates his/her gaze. In this sense,
the act of looking has a significant function as it suggests to the student where to direct his/her attention and how to
avoid divided attention phenomena (van Wermeskerken et al., 2017). The use of transparent boards appears useful in the
attribution of significant value to gazes since they enhance both the paradigm of the social agency theory, maintaining
continuous visual contact (Mayer et al., 2020), and the signalling principle by giving indications with the shifts of the
gaze.

Hand movements can provide relevant information continuously and at the right time, avoiding cognitive waste
caused by irrelevant and distracting non-verbal information (Boucheix & Forestier, 2017; Fiorella & Mayer, 2016). The
movement of the hands allows you to direct attention towards relevant processes and concepts in order to improve
understanding, thus becoming significant events. The role of the hand in composing the didactic message was also
investigated by Mayer et al. (2020) in their study on the principle of dynamic drawing, a principle connected to the
social agency theory (Mayer, 2014) and embodiment theory (Robbins & Aydele, 2009): seeing graphic forms in their
temporal and spatial composition is a signal that favours a sense of social collaboration and, as a consequence, deeper
learning; in the perspective of the embodiment theory, the hand of the instructor in action triggers a sense of
self-referentiality, thus favouring the student's cognitive processing.
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The contribution of neuroscience to multimedia learning

The research activities identified in the relationship between neuroscience, cognitive psychology and educational
sciences seem to make an important contribution to the education design sector. Regarding cognitive load
measurements, many researchers in the field of education have adopted subjective techniques.

The most used method involved the use of nine-level Likert scales to measure the overall cognitive load or intrinsic,
extraneous or relevant loads (Anmarkrud et al., 2019). The need to overcome the limits of subjective measurements has
introduced alternative methods in the context of cognitive neuroscience, based on physiological assessments of the
electrical oscillation activities of the brain. With electroencephalography (EEG) used in authentic learning contexts, an
attempt was made to verify the meaning of brain oscillations in the analysis of cognition and attention mechanisms. The
studies cited in the article by Wang and colleagues identified two different electrical frequencies in relation to cognitive
processes; the active processing of information in the working memory occurs through brain oscillations in the alpha
and theta frequency bands: the power of the theta band increases and that of the alpha band decreases in the presence of
a greater cognitive demand. More generally, the progress of the last 20 years of cognitive load theory and the future
directions of research in this area can be observed in a study by Sweller et al. (2019). Progress relates to:

1. the strengthening of its theoretical basis through a more meaningful classification of didactic information by
inserting the studies of human cognitive architecture in the area of evolutionary psychology (Sweller, 2016);

2. the application of the theory of cognitive load on long-term educational activities, for example, to the design of
courses or entire curricula according to the four-component model 4C/ID, characterised by high interactivity in the
didactic processes aimed at developing professional skills or competences (van Merriénboer & Kirschner, 2018) and

3. the identification of new cognitive load effects: instructive effects (of self-explanation, imagination, isolated
elements, collective working memory and the effect of human movement) and compound effects, that is, effects that
modify the characteristics of other effects, defined as simple, of cognitive load (element interactivity, expertise
reversal, guidance fading, transient information, self-management, self-explanation, imagination, isolated elements,
collective working memory and human movement effect).

Future directions of cognitive load research are indicated in the following studies: new ways of functioning of
working memory whose ability to store information would not be fixed, but would be variable, thus overcoming the
‘bottleneck’ of learning (Chen et al., 2018); the students’ ability to self-regulate their own learning resources; the
influence on the cognitive load of environmental factors such as stress, emotions and cognitive insecurity (Choi et al.,
2014), useful in cases where they are an integral part of the learning task (therefore falling within the intrinsic cognitive
load), for example, insecurity due to the need for rapid decision-making processes with an uncertain outcome; a fourth
line of research concerns the effect of human movements, gestures, gaze and the movement of the index finger with the
function of guiding and directing the gaze on the available working memory resources and on the cognitive load
(Sweller et al. 2019).

Discussion

Evidence shows how audiovisual resources can have a significant impact on learning as long as they are created in
compliance with precise theoretical paradigms recognised by the scientific community. The review work performed
highlights the expansion of the didactic video, thanks to greater design evidence — in the significant role of the
subjective point of view used in the videos for the learning of procedural knowledge and the representation modes of
the teacher as well as his/her communicative attitude — and a closer link between educational sciences and neuroscience.
The significant role of the point of view of the camera in the representation of the procedural abilities — objective or in
third person, subjective or in first person, a combination of the two — appears to be very useful in the creation of
effective didactic videos in terms of reducing both learning time and the probability of making mistakes in performing
the task. Reference scientific theories in this area are the theory of mirror neurons according to which the integrated use
of different points of view increases the activation of the neuronal system, already triggered by the dynamic observation
of manual procedures (a series of research on the vision of manual procedures according to a dynamic and subjective
perspective that have shown improvements in terms of memorisation and subsequent recall of information), some
so-called self-reference psychological factors, which determine greater effectiveness in remembering the processes
observed subjectively, and the embodiment theory according to which people think and learn with their own body as
well as with their mind (Robbins & Aydele, 2009). According to this last theory, the first-person perspective causes a
state of self-reference (what the observers see refers to themselves), which determines a stronger link between the
observer and what is observed, and therefore a greater propensity towards deep learning. Therefore, the optimal attitude
of the students in a situation of learning manual procedures is based on the alternation between looking at the instructor
(frontal point of view or in the third person) and thinking of putting into practice the observed procedure (subjective
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point of view or in the first person). The alternation of the two points of view, objective and subjective, and the
simplification/organisation of the observed events through their analytical analysis determines a plausible simulation of
the media-based learning experience that more easily determines learning (in terms of transfer) of complex manual
procedures. It is important to underline how the video representation of the procedures observed can benefit from the
use of the point-of-view technique (objective and subjective), but only if this brings about a real benefit in terms of
profound learning of skills. This may mean that some processes require a representation based on several points of view,
while other processes based on a single point of view, sometimes in the first person and others in the third. In line with
the positive effect of space—time alignment with respect to perceptual importance and conceptual relevance to the
requirements of the procedure (Lowe et al., 2010): in practice, it is suggested how the staging of the didactic video, in
terms of analytical decomposition and points of view adopted, depends on the appropriateness of the task to be learned.

Many studies on the design of multimedia educational resources are focusing on the mode of representation of the
teacher, his/her presence or absence, and his/her communicative attitude. Most online video formats present an
instructor on the screen to improve students’ involvement and their processing of information, but there is conflicting
evidence in this area. Unless it is supported by the multimedia design principles underpinning the learning process, the
presence of the instructor in the video can compromise understanding, even if students prefer this format in the belief of
achieving better results. This highlights a contrast between perception/enjoyment and learning (studies straddling
educational sciences and neuroscience can provide useful information on this point). Regarding the communicative
attitude of the teacher, it has been seen how gestures play an important role for students who can remember the contents
of the lesson if supported by redundant, integrative or emotional gestures with respect to the verbal statement. However,
gestures can also have an effective role for teachers in terms of reducing the cognitive demands on their working
memory, but it is not clear whether these benefits depend on the properties of the gesture, rhythmic movement or the
vehicle for representing meaning (Cook et al., 2012). It is important to consider such expressive elements, together with
the gaze, hand movements and dynamic design, as a single didactic communication system in the direction of conscious
use of social signals that can promote a sense of partnership and the cognitive processing of the student, thus leading to
profound learning.

Progress in research in the design area proceeds hand in hand with the evolution of the scientific principles related to
the link between educational sciences and neuroscience. An example is the progress in cognitive load theory, which has
led to the identification of new principles useful for didactic design and the development of new objective cognitive
load measurements through the use of physiological nature and neuroimaging techniques such as magnetic resonance,
EEG techniques or eye tracking. Measurements with techniques that can evaluate the role of the different electrical
frequencies in authentic learning situations on cognitive processes, through EEG, appear to be particularly interesting.
This latter aspect is not only functional to the objective measurement of the triple dimension of cognitive load, but
could also contribute to the design of audiovisual texts in general and to the design of adaptive brain—computer
interfaces able to adapt the instructions provided in virtual environments to the students on the basis of their brain
activity.

Conclusions

The omnipresence of educational audiovisual texts has determined a renewed interest in research in this area. The
most interesting and innovative scientific contributions concern the role of the subjective image, new principles relating
to the way the instructor is represented in the video as well as his/her communicative attitude, and the increasingly close
relationship between educational sciences and neuroscience. All of the identified principles must be further verified
through more specific meta-analysis and experimental research. Finally, the work carried out shows that, in order to
obtain positive effects on learning, it is necessary to design educational resources based on the complementary
integration of evidence in the perceptual, cognitive and multimedia design fields.
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