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ABSTRACT: In this paper, a multi-mode digital teaching approach is proposed based on the use of the VARK
(Visual, Aural, Read/Write, Kinaesthetic) model where students have different styles (one or more) that improve
their learning (face-to-face and online). Our research question is on the effectiveness of this approach in terms of
learning efficacy and students’ satisfaction. An experiment with 41 students has been carried out for five months
to answer the research question and to provide a first validation of using VARK for multi-mode digital HCI
teaching. During the experiment, the theoretical sessions were given through videoconference using Microsoft
Teams and with the support of Moodle. In the practical sessions, students had to create a software prototype
following a User-Centred Design with a real client. For this, they used Discord to collaborate in their groups,
Teams to ask questions to teachers and PowerPoint and Genially to present their work online to the class through
a Teams videoconference. A regression model has been provided to predict the VARK indicated by the
questionnaire to each student with a prediction success of nearly 77%. Using the VARK multi-mode digital
teaching approach has proved valid, and effective and beneficial in the teaching of HCI with a significant
improvement in the learning scores and satisfaction levels of the students even with respect to pre-COVID-19
where the teaching was face-to-face.

Keywords: Multi-mode digital teaching, VARK, Human-Computer Interaction, COVID-19

1. Introduction

Human-Computer Interaction is the discipline related to the design, evaluation, and implementation of interactive
systems for human use and the study of the related phenomena (Card et al., 1983). The goal is to remove barriers
in the dialogue between users and systems. The idea is that interfaces should be designed to facilitate users in
accomplishing their goals, regardless of whether the goals are to complete a report or to play a videogame. HCI
has undergone significant research in recent decades since the use of technological devices is no longer restricted
to people with technical knowledge but to everybody (Stephanidis et al., 2019).

In our university, HCI has traditionally been taught face-to-face (F2F) in all Computer Engineering degrees.
Students in groups of 40-100 were sat in a classroom following the traditional lecture combined with exercises in
class and practical activities in the computer lab. A review of how HCI was taught at other universities also
revealed that this is the common approach in F2F universities, at least in Spain (Pérez-Marin, 2018).

However, due to COVID, teaching of the subject had to move online in March 2020, even in F2F universities.
Several approaches have been tried to hold online seminars (e.g., Seminar Series in HCI at Carnegie Mellon
University in 2020), proposing recommended readings in HCI (e.g., Human-Computer Interaction course at the
University of Cambridge), videoconferences using Microsoft Teams or Blackboard Collaborate, and/or
uploading multimedia and teaching notes at virtual campus using Moodle or other e-learning platforms. A
combination of these approaches following a multi-mode teaching and learning approach considering the
students’ preferences may be key to significant learning and satisfaction among students even during COVID-19.
Our proposal is to use the VARK model (Fleming & Mills, 1992) to digitally teach HCI in a multi-mode format
to university students. The research question is how effective a multi-mode digital approach using the VARK
model can be in terms of learning efficacy and student satisfaction. An experiment with 41 HCI university
students has been carried out to answer the research question and test the hypothesis.

2. Related work

This section provides the context of this research with a review of the theoretical background provided in Section
2.1. and more technical background in Section 2.2.
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2.1. Theoretical background

Multi-mode teaching can be defined as the combination of multiple modes of knowledge representation such as
oral and written language, visual, gestural, tactile, and spatial representations (Jewitt, 2008; Cope & Kalantzis,
2009). Much research has been focused on exploring how to design effective multi-mode digital teaching
experiences (Bell et al., 2010; Cope & Kalantzis, 2009). A decade later, multi-mode digital teaching seems to
have become key in overcoming the difficulties of teaching and learning during COVID-19 (Oyedotun, 2020;
Teele et al., 2020). Multi-mode teaching facilitates imparting information, enacting collaborative learning, and
preparing students for exploring concepts (Papageorgiou & Lameras, 2017). Moreover, combined digital
learning technologies can help students develop technical and non-technical skills such as creativity, capacity of
innovation and problem solving (Philippe et al., 2020).

According to Bakar (2007), there are at least five variables that should also be considered when creating an
effective instructional model: active student involvement, attracting interest and attention, raising their
motivation, individual principle, and displays used in lessons. When using online courses and students’ learning
styles are reflected in their design, their learning efficacy is higher (Lee & Choi, 2011; El-Bishouty et al., 2019).
However, when searching IEEE Xplore, Elsevier, Web of Science and SCOPUS for papers on multimodal
learning platforms and experiences using learning styles, much has been written focusing on styles such as those
proposed by Felder and Silverman (1988), i.e.,, active/reflective, sensing/intuitive, visual/verbal,
sequential/global, but there is a gap on systems and platforms using other models that could also benefit students
in online courses such as the VARK model (Fleming & Mills, 1992).

The VARK (Visual, Aural, Read/Write, Kinaesthetic) model is based on the idea of empowering students by
finding out their sensory preferences and adjusting their study methods accordingly. The core idea, in the words
of Fleming (1995), is “in observing the best of teachers apparently there is no single best way to teach but
teachers who cater for the different needs of students by using a variety of teaching approaches are rewarded
with improved learning (p. 1).” There are, however, no hard boundaries between the styles and students can have
one or more styles combined. To find out students’ sensory preferences, a questionnaire with multiple-choice
questions was created in English (VARK, 2021), and later translated into 14 languages (Fleming & Baume,
2006). It currently has 16 questions with four possible answers per question. Students are told to choose the
option that best matches their perception, but if they do not feel that one single answer is the perfect match, they
can choose more than one option. Students can leave a question unanswered if they feel the question does not
apply to them. The minimum value for each preference is 0, and the maximum is 12 (Hawk & Shah, 2007) as
shown in Figure 1.

Figure 1. VARK learning model (Source: Hawk & Shah, 2007)
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A strong preference in a style can be identified by a score four or five points higher than any other. A difference
below two points between preferences is not enough. A void—or a score of one—on a mode would suggest that
it is a weak preference for that student. Fleming (2001) reported that about 41% of students taking the
questionnaire online had single style preferences, 27% two preferences, 9% three preferences and 21% four
preferences. Table 1 gathers activities that accommodate VARK preferences. The fourth preferences according
to Fleming (1995) relate to different types of content and activity: visual students (V) prefer graphs, charts, and
flow diagrams; aural students (A) prefer sounds and audio; read and write students (R and W) prefer documents
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and notes; kinaesthetic students (K) prefer experiences and samples; and multi-mode students (MM) prefer
several possibilities.

Table 1. Suggested activities for VARK preferences (Source: Fleming, 2001)

Visual Aural Read/Write Kinaesthetic
Diagrams Debates, arguments Books, texts Real-life examples
Graphs Discussions Handouts Examples

Colours Conversations Reading Guest lecturers
Charts Audio tapes Written feedback Demonstrations
Written texts Videotaudio Note taking Physical activity
Different fonts Seminars Essays Constructing
Spatial arrangement Music Multiple choice Role-play

Designs Drama Bibliographies Working models

2.2. Practical experiments

Fleming (2001) presented results revealing higher student performance when studying according to the VARK
preferences indicated by the questionnaire. Fleming & Baume (2006) reported over 180,000 people having used
VARK online between mid-March and mid-September 2006, and an attempt of validation although reliability
values are not provided. Instead, a warning is given that the questionnaire is not to be used as a diagnosis tool,
and explained by the creator as a stimulus to reflect upon. Experiments have been carried out to find out whether
students found that the VARK preferences as indicated by the model are what they expected (Espinoza-Poves et
al., 2019) and the pedagogical implications of the VARK model and how it can generally be used for online
teaching (Gonzalez, 2012; Hussain, 2017; Prithishkumar, 2014).

After performing an experiment with 92 Nurse Education students with a single group pre-post study,
Alkhasawneh et al. (2008) found a significant increase in their grades after their VARK preferences has been
taken into account. Their underlying teaching methodology was Problem-Based Learning. Moazeni and
Pourmohammadi (2013) provided an automatic student modelling approach for distance education to optimise
the teaching strategy to align instruction with students’ learning styles using the VARK model. However, they
did not provide any platform to implement and validate their approach. Similarly, Stojanova et al. (2017)
highlighted the benefits of using the VARK model to teach a Data Structure and Algorithms course, which is the
closest work to this paper together with Diaz et al. (2018) as it is also in the Computer Science domain (although
not in HCI where literature is scarce). They used Moodle, presentations and animations using Java Applets
and/or Flash and videos from YouTube. Neither a teaching methodology nor a framework to implement their
approach is given.

Figure 2. Overview of the multimodal framework proposed by Vidakis (2017)
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Lee and Kim (2016) proposed the Multimodal Teaching Learning Model (MTLM) based on providing the
teacher with feedback and scaffolding to increase the interest of students. The use of technology using
synchronous environments in small groups is considered beneficial in MTLM, although the use of learning
preferences was not investigated. They carried out an experiment to test MTLM in the language-learning
domain. A significant improvement in students’ knowledge was found. Moreover, 54.9% of the students reported
feeling a stronger bond with their teacher, and 62.9% of the students reported a stronger bond with their
classmates, even in distance education.

Vidakis (2017) described a multimodal framework to enable the deployment of more interaction modalities
between students and online educational systems than just speech and touch. However, the paper does not
mention the benefits of also considering the modality in the course contents. Figure 2 shows an overview of the
multimodal framework proposed. No experiment is provided in which the platform has been implemented and
used by students.

Finally, Diaz et al. (2018) highlighted how modified VARK styles and adaptive learning materials benefit both
students and teachers. They proposed a platform to support the learning of object orientation with VARK
learning styles. However, their focus was more on the creation of adaptive material as they called it, than in the
computer system itself.

3. Proposal: Multi-mode digital teaching and learning of HCI using the VARK model

A shift from the traditional large-group teacher-centric teaching to a student-centric multi-mode digital approach
is necessary (Prithishkumar, 2014). Models such as VARK are useful in highlighting the diversity of preferences
among students and that there is no one teaching solution that matches all their preferences and domains. In this
section, a proposal for multi-mode teaching and learning of theoretical and practical online lessons for HCI is
described together with the architecture of a platform to support it given the lack of such platforms in the
literature (see Section 2).

Figure 3. Overview of the multi-mode digital teaching model proposed
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In F2F teaching, traditional theoretical lessons are associated with Master lectures. The reason why it continues
to be used could be that it is cheap—one teacher with a relatively high number of students. However, with a
Master lecture, it is not possible to manage the diversity of preferences among students; the lesson is just the
same for all students with the possible consequence of bored students, unable to fully understand the lessons
(Spanish Education Ministry, 2006). They should therefore be combined with exercises and practical lessons.
Moreover, as already indicated by Lee and Kim (2016), the use of synchronous communications systems such as
WhatsApp or Teams creating small groups is beneficial. Collaborative learning is the chosen underlying
pedagogic model to mitigate the isolation feeling that students may have in distance education. Figure 3
overviews the proposal for multi-mode teaching and learning of HCI covering VARK styles.
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As can be seen in Figure 3, initially (step 1) all students and teachers must login into the platform to identify
themselves. This is a key step as the style of each student can be saved in the database. Thus, the system can
indicate (step 2) which content elements from the VARK styles are the most appropriate for the teacher
according to students’ styles. For the Master lecture (step 3), teachers can use videoconference software such as
Teams. As they talk, aural (A) students would benefit from listening to the lesson and visual (V) students would
appreciate the use of eye-catching slides so that the knowledge is not only spoken but also written with a good
design (e.g., using a template with different fonts, diagrams, graphs, and some spatial arrangement that leaves
spaces between paragraphs). Read-Write (R) students will be taking notes during the lesson, and they will
appreciate an activity such as writing a document to sum up the ideas of the lesson and to get some written
feedback. A list of reference books is also suitable for R students to improve their learning. Kinaesthetic (K)
students will appreciate the use of real-life examples, demonstrations, and working models as well as role-play
exercises to understand the contents of the lesson better.

Creating channels in Teams is recommended to group students so that they can discuss the lesson and complete
the exercises with another 4-5 students (Walter, 1983; Lee & Kim, 2016). Activities solely with the whole group
are not advisable, as some students would not participate. For instance, as a possible exercise for the theoretical
lesson for all VARK students would be that when teaching User-Centred Design (UCD, Lorés, 2002; Abras et
al., 2004), after looking at the slides (V), listening to the teacher (A), note taking (R) and providing some
detailed examples (K), students in their channels could think of one interactive system (e.g., a new videogame) to
design following a UCD. V students would start creating the interface’s diagram, A students would talk about the
design and would understand the UCD better by listening to their classmates (not only the teacher) creating
debate about what to do, R students would create a document to upload to the channel so that the teacher can
check that their debate and thinking is correct (otherwise some spoken and written feedback should be provided
to address the specific mistakes detected) and K students would have an example to understand the general UCD
process.

For practical activities in the computer lab, the use of videoconference software such as Teams is also
recommended for teachers to explain the activities to complete. Practical activities are a necessary complement
to theoretical lessons (De Miguel, 2006) and the content should be at the same pace. Practical activities should
follow the same recommendations previously provided for the Master lecture to address all different VARK
preferences and channels should also be created for students to complete the practical activities for the reasons
explained above. For instance, a possible practical project for all VARK students would be that when completing
their practical work, they had images, diagrams, graphs, charts of a UCD (V), they could talk in their groups
about the phases of a UCD and discuss them (A), they could read books describing the phases of a UCD (R) and
write a report about that, and have a real example of creating a prototype following a UCD with a real client (K).
Students should also present their practical work to their classmates (the whole class, not just their group). The
goal would be for V students in other channels to see designs other than their own, A students would listen to
different conversations about the topic, R students would have more documents to read and write about, and K
students would have more examples to improve all their understanding. Students should be given the freedom to
choose the presentation software to use. They may prefer traditional PowerPoint, just sharing their desktop, and
talking about their activities from the documents created (no need to create new ones), or newer possibilities
such as Genially. Students should have these new possibilities such as multi-layer content and animated
templates explained to them to enhance interactivity and integrate knowledge.

V students will appreciate the aesthetic design of the templates in any presentation software. They will use them
to make them easier to write their content. Moreover, they will not need to prepare different slides, because it is
possible to create pop-ups that are shown as needed by clicking on them. A students will also appreciate the
possibility of adding music and audio recordings to the presentation. R students will be reading the contents of
the lessons and reference books to write the content of the presentation. Finally, K students will populate the
contents of the presentation with many examples and specific cases to illustrate their points.

4. Research method

The research method used is a mixed quantitative and qualitative experimental research study with control and
test groups. The theoretical justification for this method is the need to test a hypothesis and answer the research
questions associated with a practical experiment in the field of software systems to gather data to perform both a
descriptive and inferential statistical analysis, and to complement this quantitative data with the qualitative data
provided by the users of the systems from answers to questionnaires (Goundar, 2013; Lorés, 2002).
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Following an adaptation of the guidelines to report experiments in Engineering domains written by Jedlitschka
and Pfahl (2005), and Wohlin et al. (2012) this section is structured as follows: 4.1. Goal, 4.2. Participants and
Context, 4.3. Experimental Materials, 4.4 Procedure, and 4.5. Variables.

4.1. Goal

The goal of the experiment is to validate the proposed digital multi-mode teaching model using the VARK model
as described in Section 3 in terms of learning efficacy, students’ satisfaction levels and reliability of the VARK
preferences. Although VARK is not a diagnosis tool, as explained in Section 2, we believe that it should be
confirmed whether the VARK preference provided to students in the questionnaire reflects their personal
preferences to really help them act accordingly.

The research questions together with the hypotheses are:

RQI. Are the learning scores of students following the digital multi-mode teaching and learning model using
VARK for HCT higher than the learning scores of students following traditional F2F lessons?

H1. Students following the digital multi-mode teaching and learning model using VARK will achieve higher
scores than students following traditional F2F lessons.

RQ2. How satisfied are teachers and students following the digital multi-mode teaching and learning model
using VARK?

H2. Teachers and students following the digital multi-mode teaching and learning model using VARK will be
satisfied, and they will prefer it to F2F lessons.

RQ3. Are preferences provided by the VARK questionnaire valid?

H3. The preferences provided by VARK questionnaire are valid, as they will be supported by the answers from
students to a preferences questionnaire.

4.2. Participants and context

The experiment was conducted in the first semester of the 2020/2021 academic year from September 2020 to
January 2021 with 41 students enrolled in the third year of the Videogame design degree at the university. Of the
students, 72% are between 20-22 years old, 20% are between 24-26 years old, and 8% are older than 26 years
old. The split by sex is 80% men and 20% women. They have a high level of digital competence, enjoy using
technology, and have a positive attitude towards its general use.

There were 44 students in the 2019-2020 academic year (control group) with a similar distribution of age and
sex, digital competence level, and positive attitude towards technology. The main difference is that the
Videogame design degree is a F2F degree at our university, thus the Master lectures and practical activities were
F2F during that first semester from September 2019 to January 2020. For those students, therefore, the teaching
and learning was F2F. However, due to COVID-19, it was agreed that Master lectures and practical activities
should move online from March 2020. Therefore, students in the 2020-2021 academic year (test group) followed
the online digital multi-mode teaching and learning model using VARK.

Both courses were taught by the same two teachers, one man and one woman who are both experts in HCI. All
students were voluntarily asked to participate in the experiment. No increase of score or reward was given to any
student. The motivation provided was focused on the goal of the experiment being to improve the teaching of
HCI to more students, and that they learn about different modes of learning, and eventually get recommendations
about their study preferences to improve their learning.

4.3. Experimental materials

All educational materials were created by the subject’s teachers. The content of the subject in both the 2019/2020
and 2020/2021 academic years was the same, with the difference that the presentations were given in class in
2019/2020, and shared through the Teams videoconference system and uploaded to the digital campus hosted in
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Moodle in 2020/2021. To cover all VARK preferences, the content was a set of slides with an eye-catching
design, diagrams, written text, references, documents, and videos, as well as documents, videos, and external
links to references in books and on websites.

4.4. Procedure

Students in the 2019/2020 academic year attended F2F theoretical lessons with the same content as in the
2020/2021 academic year. The exercises and practical activities were the same. The only difference was that the
VARK multi-mode digital approach was followed in 2020/2021, and they were F2F in 2019/2020 without
considering VARK preferences. The step-by-step procedure for the control group was:

(1) Lessons started in September 2019.

(2) For each week, students attended F2F classes on:
2.1 Tuesdays (2 hours): Master lectures with theoretical exercises
2.2 Fridays (2 hours): practical lessons

(3) Lessons finished in January 2020, and students took their final exam.

The step-by-step procedure for test group (using the multimodal methodology with VARK) was:

(1) Lessons started in September 2020.
(2) For each week, students attended classes online on:
2.1 Tuesdays (2 hours): Master lectures with theoretical exercises
2.2 Fridays (2 hours): practical lessons
(3) Lessons finished in January 2021, and:
3.1 Students took their final exam.
3.2 Students were asked to complete the VARK questionnaire.
3.3 Students were asked to complete an online questionnaire about their experience.

Table 2. Final questionnaire for the students

Question Possible answers Measure

To see a Teams videoconference 1 (minimum) — 5 (maximum) Preferences

To see a Blackboard videoconference 1 (minimum) — 5 (maximum) Preferences

To talk about the exercises in groups 1 (minimum) — 5 (maximum) Preferences

To write an individual report 1 (minimum) — 5 (maximum) Preferences

To write a report in groups 1 (minimum) — 5 (maximum) Preferences

To individually present the content 1 (minimum) — 5 (maximum) Preferences

To present the content in groups 1 (minimum) — 5 (maximum) Preferences

To create a video of the content on my own 1 (minimum) — 5 (maximum) Preferences

To create a video of the content with my group 1 (minimum) — 5 (maximum) Preferences

To read the slides 1 (minimum) — 5 (maximum) Preferences

To take notes on paper 1 (minimum) — 5 (maximum) Preferences

To take notes digitally 1 (minimum) — 5 (maximum) Preferences

Do you think that presenting your practical work to the Yes/No Opinion
other students helped your learning of the subject?

If face-to-face lessons were possible, would you prefer to  Yes/No Satisfaction
attend face-to-face lessons instead of online lessons?

Do you think that you would have learnt more followinga  Yes/No Opinion
face-to-face teaching approach?

Do you think that you would have been happier if the Yes/No Satisfaction
teaching were face-to-face?

Do you think that creating a prototype with a real client Yes/No Opinion
has helped your learning of the subject?

Any other comment? Free text Opinion &

Satisfaction

The Master lectures, theoretical exercises and practical work had the same structure, similar difficulty, content,
weight in the final score (60%), and were evaluated on the same scale from 0 (minimum) to 10 (maximum).
Samples of the practical activities have been published by Pérez-Marin (2018). The final exam was F2F in both
courses with the same structure: three theoretical questions about the same concepts and with the same difficulty
in both academic years with a maximum score of three points; one question to draw a prototype with a maximum
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score of four points; and one final question to write a report on assessing the usability of a videogame that they
could freely choose with a maximum score of three points. The exam was completed individually without any
help from the internet or reference books. It accounted for 40% of the final grade in both academic years, and the
scale of the exam was also the same from 0 (minimum) to 10 (maximum). A sample exam can be found in Pérez-
Marin (2018).

Only students in the test group in 2020/2021, when applying the VARK model as described in Section 3, were
also asked to complete two additional questionnaires individually and online at the end of the course: (1) the
Spanish translation of the VARK questionnaire (Samano-Galindo & Preciado-Delgado, 2007); (2) a
questionnaire to mark their preferences, and their satisfaction regarding the multi-mode digital teaching on a
Likert scale (from 1-minimum to 5-maximum); to answer Yes/No to some opinion and satisfaction questions,
and any other comment they may have, to give them the opportunity of freely expressing themselves. The
questionnaire was not anonymous because the intention was to relate the values gathered with the results of the
VARK questionnaire. In any event, no name or personal information was asked for because it would be contrary
to Spanish law. A code was therefore created from their practical group number and their position on the list of
group members. Without the list of groups, therefore, it was impossible to identify the students. Table 2 shows
the questions with their possible answers and what they measure.

4.5. Variables

The dependent variables of the study were related, firstly, to learning efficacy, measured by scores obtained for
the students at the end of the experiment, named Score. These ratings are divided into two groups, those who had
F2F teaching and those who had digital multi-mode teaching; the factor variable named Group shows these
differences. Secondly, a categorical dependent variable named VARKL collects the results of the VARK
questionnaire into the four preferences described in Section 3: A, R, K and MM. Additionally, a group of 12
ordinal variables scaled from 1 to 5 collect the results gathered in the preferences questions described in Section
4.4. They will be called x; in relation to the i-th question. Table 3 summarises the variables used in the
experiment.

Table 3. Summary of variables

Aspect Type  Variable Name

Learning HCI DV Scores Score
v Use of the digital VARK multi-model Group

Preferences DV VARK questionnaire VARKL
v i-th question in questionnaire for the students’ preferences (i=1, ..., 12) x

Note. DV: Dependent variable, IV: Independent variable, name, and description.

5. Results

5.1. Learning efficacy

Table 4 shows the mean and median values (more representative than mean in asymmetric distributions) and
standard deviations for the scores in the final exam of the control and test groups. In the F2F control group, the
mean of the marks is 6.90, a value somewhat lower than the median, with a standard deviation of 1.71. In the test
multi-mode digital group, the mean is more than one point higher at 8.10, again somewhat lower than its median
of 8.25. For this group, in addition, the dispersion of the scores is much smaller, the difference with the previous
case being more than one point: 0.69. Figure 4 shows a graphical summary of these data as boxplots.

After checking the normality of the data in both groups (Shapiro-Wilk test with p > .05), the t-test for
independent groups was chosen. Table 4 shows the significant increase of the scores in the digital multi-mode

group, with p <.001.

Table 4. Descriptive analysis of the scores in the final exam for both groups

Group N Mean Median SD t-test df p-value
Control (F2F) 44 6.90 7.10 1.71 4.272 57.78 <.001
Test (Multimodal) 41 8.10 8.25 0.69
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Figure 4. Boxplots for the scores in the final exam of the F2F control and digital test groups
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5.2. Students’ satisfaction

Regarding RQ2, students seem satisfied with the multi-mode digital teaching with answers such as “Following
this approach I think I learn a lot, so I like that”, “I like that all theoretical lessons are practiced later with a real
client” or “I like these lessons very much! Thanks!” to the final open question. In total, 84% of students
considered that explaining the practical work to other classmates helped them as shown in Figure 5 and in
general, they do not think that they would have learnt more in a F2F lesson (only 35% students answered that
they would learn more in a F2F lesson as shown in Figure 6). In total, 56% of students thought that they would
have enjoyed the F2F lessons more (see Figure 7).

When the HCI teachers were asked about their satisfaction with using the VARK multi-mode digital approach
compared to classical teaching, they both agreed that they were more satisfied because they could combine

multiple resources and saw that their students understood the lessons faster and better.

Figure 5. Satisfaction with the practical work (84% yes, 16% no)

. Yes
. No

Figure 6. Opinion about whether they thought they would learn more with F2F teaching (35% yes, 65% no)

. Yes
. No
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Figure 7. Answer to the question: do you think that you would be happier if the teaching were F2F? (47% yes,
53% no)
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5.3. VARK validation

To see the possible relationship between the dependent variable VARKL and the 12 independent variables of the
preferences questions, a multinomial logistic regression model was chosen, since the output variable is a
categorical variable, and the predictor variables are ordinal variables. The absence of multicollinearity between
the variables is first verified, with the FIV value being under 10 in all independent variables, and with a tolerance
greater than 0.1 in all cases.

The model fitting information provided a x°(48) = 85.59 (p = .001), i.e., the full model predicts the dependent
variable better than the intercept-only model alone. Moreover, Pearson x°(108) = 43.643 and Deviance »°(108) =
39.937, both with p > .005. Pseudo Nagelkerke R’ = 0.626, a medium value that measures the degree of
improvement in the fit of the log-likelihood model with respect to the model without independent variables. The
model gives an overall correct classification percentage of 76.9%.

6. Discussion
6.1. Theoretical contributions

The results of this study revealed that students following the VARK multi-mode online approach significantly
improved learning outcomes with respect to traditional F2F students (scores 8.10 vs 6.90 respectively).
Therefore, RQ1 is positive and H1 is accepted. As reviewed in Section 2, there are many studies regarding multi-
mode teaching effectiveness. Yeh (2018) investigated students’ perceptions with respect to their knowledge level
in English as a foreign language, where students had to produce a digital video, reflective essays and PowerPoint
slides employing multiple modalities and formats. Yeh discovered that students perceived that the process based
on creating compositions, oral presentations and video editing improved their multiliteracies to learn the target
language. Other works have not focused on the student’s perception, but on self-assessment processes to
determine multimodal approach effectiveness in an educative context, finding that a multi-mode blended
learning model produces significant improvements in several language-learning skills (Chen, 2018; Lee & Kim,
2016). Santana-Mancilla et al., (2019) found that the use of teaching methods based on games in HCI education,
which has multi-mode interaction, provides students with important skills in this area, such as involving users,
task-centred system design, models of human behaviour, creativity and metaphors, and graphical screen design.

However, the previous multimodal models do not always consider students’ preferences with an underlying
pedagogic model. The multimodal teaching learning model proposed in the article is based on VARK, which
groups several learning preferences and a collaborative learning approach together. Therefore, the paper
contributes with a model that guides learning activities and instructional development considering different
learning preferences and combines pedagogical methods with digital tools, the most appropriate way for HCI
education.

The paper also has two more contributions regarding innovations in learning effectiveness. Firstly, most
experience in previous research regarding learning effectiveness was mainly developed in a literacy education
context. In this paper, the learning experience was developed in computer science learning, specifically Human-
Computer Interaction, which has been poorly researched regarding multi-mode digital teaching approaches.
Secondly, most research in the literature applies subjective assessment based on students’ perception to measure
learning effectiveness, whereas this study develops objective assessment using exam scores.
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6.2. Theoretical implications

Regarding to the use of VARK in HCI education context, the results show that hypothesis H3 must be accepted.
RQ3 is positive, as it has been possible to predict the preferences provided by the VARK questionnaire as the
output value of a regression model with 77% success.

To the best knowledge of the authors, the use of VARK in HCI learning is rare. However, some work in learning
programming, which is an educative context close to HCI can be found such as Stojanova et al. (2017), who
applied VARK to learn data structures and algorithms with discussion tools using Moodle LMS. Additionally,
they integrated visualisations of algorithms with VisuAlgo (see http://visualgo.net/) and discovered that the use
of VARK improved interest among students and kept their attention in class. Diaz et al. (2018) carried out an
experience with industrial engineering students of object-oriented programming courses. Students had access to
an adaptive e-learning platform that proposed different learning contents and tasks according to VARK style.
Diaz et al. (2018) discovered that the predominant VARK style preferences of engineering students were
kinaesthetic and aural and that there were no visual style students. This finding is aligned with the results found
in this paper, where the predominant preferences of the HCI students enrolled in the Videogame design degree
were kinaesthetic, and only one student was visual.

6.3. Practical implications

Learning outcomes do not only depend on a pedagogy approach. There are emotional and affective factors that
may increase learning efficacy (Lin et al., 2016; Urquiza-Fuentes & Paredes-Velasco, 2017). Students’
satisfaction experienced with multi-mode digital learning has been analysed in this study too with the answer to
RQ2 being that both teachers and students were very satisfied. In total, 84% of students were satisfied with the
practical class model used and only 35% of students considered F2F to be more efficient. Thus, H2 is accepted.
These results are aligned with other studies on HCI multimodal education. For instance, high satisfaction
experienced by participants in the experience reported is similar to positive emotions experienced by other
students that worked with multimodal interaction approach, “Regarding if they enjoyed learning using computer
games, 100% of the students enjoyed the course” and “100% said that the knowledge acquired would have been
lower [if the teaching process were not related to video game design]” (Santana-Mancilla et al., 2019, p. 9).

The authors consider that this phenomenon is explained by multi-mode environments influencing students’
beliefs and perception about their skills and knowledge during the learning. Banzato and Coin (2019) carried out
an experience where students had to develop multimodal narrative learning activities through gestural/mime
languages, drawings, oral presentations and compositions and they found that a multimodal approach influenced
students’ self-efficacy beliefs about their narrative skills. Santana-Mancilla et al. (2019) stated that multimodal
interaction in HCI education promotes students having a positive perception on the efficacy of the use design for
practical works. In addition, the use of multimodal information spaces, rich in digital and physical resources
(Facebook discussion, downwards projection, tablets, etc.) raise students’ satisfaction and motivation, and
contribute to their engagement and collaboration in HCI learning (Vasiliou et al., 2013). These studies are
aligned with the results of the experience reported in this paper, where 53% of students perceived the use of
practical work as the best way to understand theoretical contents and Teams and Blackboard video-collaborative
platforms as the best tools to learn content digitally. The practical contribution of this paper is the digital
ecosystem defined by the multimodal teaching learning model, which facilities applying multimodality in a
practical way in HCI education and improving students’ engagement and satisfaction.

6.4. Limitations

Regarding possible threats to this study, the following issues have been considered: all questionnaires were
applied at the end of the experience to avoid influencing the results; repeat students did not participate in the
experience so the pre-pandemic (traditional F2F) and post-pandemic (multi-mode online learning) groups were
different; and, although the control group was from last year and test group from this year, learning contents,
tasks and teachers were the same for both groups, pre and post-pandemic, with only the teaching and learning
methodology changing. However, some threats to validity are recognised in the experiment presented (Campbell
& Stanley, 1963; Cook & Campbell, 1979; Shadish et al., 2002):

e Internal validity: the scenario in which the test group was must be considered; in most cases, the student’s
home. This can be an advantage, as many of them operate in an environment that they consider safer than
university. Others, on the other hand, may have worse digital media available, etc.
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e External validity: since the groups are not created randomly—it depends on the students enrolled in each
academic year—there is no certainty that the sample is representative of the general population.

e  Construct validity: an important part of applying the VARK method lies in the use of new methodologies.
The use of audiovisual methods during the development of the subject is a novelty in some activities, such
as debates, seminars, etc. According to Bracht and Glass (1968) there is a certain enthusiasm when there is
innovation, and this can contribute to success.

e Conclusion validity: This is concerned with sources of random error and with the appropriate use of
statistics and statistical tests (Cook & Campbell, 1979). They are also called SCV. The work presents a
broad statistical study, which involves, firstly, a descriptive analysis of the data, combining descriptive and
graphic techniques. Subsequently, an inferential study is carried out, in which the necessary conditions have
been previously verified. Still, type 1 errors (incorrect rejection of the null hypothesis) and type 2 errors (not
rejecting a false null hypothesis), although minimised, might be present.

7. Conclusions

The most relevant contribution to HCI education is a detailed and validated digital multi-mode teaching and
learning approach using the VARK model. As indicated by loannou et al. (2015), this research contribution is
particularly beneficial for HCI courses given that digital teaching is highly accepted by HCI students, provides
satisfaction, and raises the acquisition level of HCI knowledge. The paper also contributes to multi-mode digital
teaching and learning using the VARK model with a new validated approach supported by a framework of how
to implement it that could guide other researchers and teachers to put it into practice in their lessons. It is
particularly relevant as no similar framework has been found in the literature. Future research will focus on
keeping investigating factors influencing the multimodal learning environment.
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