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Abstract

The series of HEAd conferences have become a leading forum for researchers
and practitioners to exchange ideas, experiences and research results relating
to the preparation of students and the organization of higher educational
systems. The seventh edition (HEAd’ 21) was celebrated during 22 and 23 June
2021. 1t was organized from Valencia, Spain; although held virtually because
of the traveling restrictions after the COVID-19 outbreak. This preface gives
an overview of the aims, objectives and scope of HEAd 21, as well as the main
contents of the scientific program and the process followed to select them.
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Preface

1. Preface to HEAd’21

This volume contains the selected papers of the Seventh International Conference on Higher
Education Advances (HEAd’21), which was virtually organized from Valencia, Spain on 22
and 23 June 2021. Despite the traveling restrictions due to the COVID-19 outbreak, this
seventh edition was a great success of participation and consolidates the series of HEAd
conferences as a leading forum for researchers and practitioners to exchange ideas,
experiences and research results relating to the preparation of students and the organization
of higher educational systems.

The selection of the scientific program was directed by Paloma Merello, who led a team of
217 program committee members representing 53 countries in all five continents. Following
the call for papers, the conference received 351 full paper submissions with authors from 63
different countries. All the submitted papers were reviewed by at least two program
committee members under a double blind review process. Finally, 78 papers were accepted
as full papers for oral presentation during regular sessions. This represents an overall full
paper acceptance rate of 22.2%, the most selective acceptance rate across all the editions.
This selection ensures a high-quality program which is greatly valued by the research
communities. Additionally, 83 submissions were accepted for short paper presentations, all
of them receiving high review scores and published by UPV Press in this volume. The
program committee chair congratulates all the authors for having their papers accepted in the
proceedings of such a competitive conference.

HEAd’21 also featured two keynote speakers that overviewed important and actual topics:
Harry Lappalainen (Turku University of Applied Sciences, Finland) talked about competition
without losers, and how to implement this idea in a higher education context. The second
keynote speech was delivered by Dr. Ana Zorio-Grima (Universitat de Valéncia, Spain) and
dealt with the trends, challenges and opportunities of teaching innovation.

The main conference was followed by the third edition of the Symposium on Pedagogy for
Higher Education Large Classes (PHELC). This virtual meeting, led by Ann Marie Farrell
and Anna Logan, was a great platform for sharing practice, experience and expertise in large
classes context.

Although virtually held, the conference was supported and hosted by the Faculty of Business
Administration and Management of the Universitat Politecnica de Valéncia, which has been
recently ranked as the best technical university in Spain by the Academic Ranking of World
Universities (ARWU) 2020.

The organizing committee would like to thank all of those who made this year’s HEAd a
great success. Specifically, thanks are indebted to the invited speakers, authors, program
committee members, reviewers, session chairs, presenters, sponsors, supporters and all the
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attendees. Our final words of gratitude must go to the Faculty of Business Administration
and Management of the Universitat Politecnica de Valencia for supporting, once again, the
HEAd conference, making it possible to become a great event.

2. Organizing Committee

General chair
Josep Domenech, Universitat Politécnica de Valéncia

Vice-chair
Elena de la Poza, Universitat Politecnica de Valéncia

Program committee chair
Paloma Merello, Universitat de VValéncia

Publicity chairs

Gareth Bramley, University of Sheffield
Daniela Zehetmeier, Munich University of Applied Sciences

PHELC Workshop chairs

Anna Logan, Dublin City University
Ann Marie Farrell, Dublin City University

Local organization

Eduardo Cebrian
Moénica Costa Alcaina
Guillem Dasi

Pablo Genovés
Daniele Tavella
Eduardo Toran

José Maria Tuesta

3. Sponsors and Supporters

Universitat Politécnica de Valéncia

European Social Fund

Facultad de Administracion y Direccion de Empresas
Departamento de Economia y Ciencias Sociales
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Instituto de Ciencias de la Educacion
Centro de Ingenieria Econdmica
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Abstract

The health emergency due to COVID-19 has highlighted the need of new and
flexible digital methodologies for learning and teaching Mathematics, which
can support the individual student’s needs and help shape education. In this
paper, we propose to use Automatic Formative Assessment (AFA) activities
designed according to an innovative model, framed on the theories of
formative assessment and feedback. The model includes: availability of the
activities and multiple attempts, algorithmic questions; open mathematical
answers, contextualized tasks;, immediate and interactive feedback. We
analyzed an experience using AFA in a blended module in Mathematics for 96
first-year students in Biotechnology. We collected data from the platform on
grades and attempts of AFA activities and cross-checked them with the final
exam grades. The results show that the feedback gained from AFA helped
students improve their performance and supported them in the exam
preparation. In light of these results, we can conclude that similar activities
can be an effective solution to support students’ self-study during and after the
pandemic.
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1. Introduction

Higher education didactics has been affected by the ongoing health emergency that we are
living in these days, like every other aspect of our lives has. Since March 2020, most of the
lessons have been moved online, and it is necessary to find innovative and flexible solutions
to support students, which could be adopted also in a “new normal” situation, in order not to
create discontinuity in the teaching models (Aristovnik et al., 2020). Learning technologies
can be very helpful, especially when they support interactive and adaptive activities which
can be tailored on the individual learning paths. It is essential to use formative assessment to
monitor and activate students as owners of their learning, allowing them to self-assess their
achievements. In this paper, we propose to adopt a model of Automatic Formative
Assessment (AFA) activities for Mathematics, largely used in secondary schools (Barana,
Conte, et al., 2019), and we adapt it to higher education. After introducing the model in the
theoretical framework, we present an experience that makes use of AFA activities to support
learning in a blended modality in a Mathematics module for first-year students of a scientific
Bachelor degree. Analyzing and cross-checking data about the AFA activities and the results
of the final exam, we show the effectiveness of the model for learning Mathematics.

2. Theoretical Framework

2.1. Formative Assessment and Feedback

For the construct of Formative Assessment (FA), we adopted the Black and Wiliam’s
definition (Black & Wiliam, 2009), which states that “practice in a classroom is formative
to the extent that evidence about student achievement is elicited, interpreted, and used by
teachers, learners, or their peers, to make decisions about the next steps in instruction that
are likely to be better, or better founded, than the decisions they would have taken in the
absence of the evidence that was elicited.” Critical to this conception of FA is the collection
of evidence, and the interpretation and use of the information gathered to act on learning. The
mere collection of students’ answers, without using them to alter and tailor their learning
path, is not to be considered as formative (Wiliam, 2006). Among the strategies of FA, the
provision of feedback is undoubtedly the most distinctive one and the object of in-depth
studies. In the literature, results on feedback efficacy on learning are controversial (Azevedo
& Bernard, 1995); for instance, from an outstanding review on feedback (Kluger & DeNisi,
1996), it emerges that in more than one-third of the 607 analyzed cases, feedback
interventions reduced performance. This means that great attention should be paid to the
feedback’s design. Hattie and Timperley (2007) provided a model for constructing effective
feedback. The purpose of feedback is to reduce the discrepancy between current and desired
understanding. Effective feedback should indicate what the learning goals are; what progress
is being made toward the goal; and what activities need to be undertaken to make better
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progress. Moreover, feedback can work at four levels: at the task level, giving information
about the task correctness; at the process level, adding details about the main steps needed to
accomplish the task; at the self-regulation level, activating metacognitive processes; and at
the self-level, adding personal evaluations about the learner. While the literature shows that
the self-level is not effective, or even dangerous (Kluger & DeNisi, 1996), it seems that the
only task-level feedback alone is not enough: many studies show that elaborated feedback
are more useful than corrective ones to improve learning (Shute, 2008; Timmers &
Veldkamp, 2011). The great part of elaborated feedback models that the literature proposes
is static: students have to read them carefully and compare them with their results. Some
studies also show that, more often than expected, students do not read them at all, especially
if they perceive the task as too complicated or if they do not receive the feedback timely
(Timmers & Veldkamp, 2011). It is clear that if the learners do not process feedback, the
latter lose all their potentialities (Sadler, 1989).

2.2. Automatic Formative Assessment for Mathematics

When digital technologies are used to analyze the students’ answers and to return feedback,
we can integrate formative assessment and automatic assessment. We define Automatic
Formative Assessment as the use of formative assessment in a Digital Learning Environment
(DLE) through the automatic elaboration of students’ answers and provision of feedback,
where FA is intended as in the Black and Wiliam’s definition (Barana et al., in press). In
Mathematics, AFA is widely used to engage and motivate learners in online and blended
courses. In this research, we adopted Mobius Assessment (previously known as Maple T.A.)
as Automatic Assessment System (AAS), which, relying on Maple’s mathematical engine,
can process open-ended answers that are expressed in different registers from a mathematical
perspective, and establish if they are equivalent to the correct solutions. This allows us to test
different and complex cognitive processes. Moreover, it is possible to write algorithms to
generate random parameters, formulas, graphics and even animated plots. Lastly, the AAS
supports adaptive capabilities, so that the next question part depends on the previous answer.

Using this AAS, we developed a model to design AFA activities to enhance mathematical
understanding (Barana, Conte, et al., 2019). It is based on the following six features:
availability of assignments, which can be attempted in a self-paced way, without limitations
in data, duration, and number of attempts; algorithm-based questions and answers, where
random values or objects in the question text, answers and feedback appear different from
student to student and at every attempt; open mathematical answers, graded through the
advanced computing capabilities of the system; immediate feedback, shown to the students
while they are still focused on the task; contextualization of the tasks in the real-world or
interesting applications so that they can be relevant to students as well as for the discipline;
interactive feedback, which is a step-by-step interactive guide to the resolution which appears
just after attempting to autonomously answer the task. The Interactive Feedback (IF) is the
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most original feature of our model (Barana et al., in press). In the IF, sub-questions
investigate about prerequisites, simpler tasks or other representations of the initial problem,
in order to guide students to a possible way to tackle the task. At each step, if they give the
wrong answer, the correct one is shown to be used in the following steps. Moreover, they
earn partial credits for the correctness of their answers in the step-by-step process (usually
up to 75% of the question grade). These grades offer teachers and students more precise
information about the learner’s competence in a particular area. In AFA activities developed
through our model, students can try the initial problem on their own and, in case of wrong
answer, they have one or two more attempts available, so they are invited to try again and
focus more on the task. If they fail, an IF shows a possible approach to the solution. This
approach can help them identify their mistakes or give a different idea to solve the problem.
Then, they can try the assignment again finding a similar problem, but with different data, so
they have to repeat the whole process autonomously. Thus, the IF is a kind of elaborated
feedback which acts at the process and self-regulation level, particularly relevant in making
students process the feedback and use the information gained to improve their understanding.

3. Research Questions and Methodology

In previous studies, we have shown the effectiveness of our model of AFA activities and IF
for learning Mathematics at secondary level (Barana, et al., 2019; Barana & Marchisio,
2020). In this paper, we are interested in measuring the effectiveness of our conception of
AFA for learning Mathematics at university level, where the same model can be used to
design activities. In particular, we try to answer to the following research questions: (RQ1)
To what extent is the feedback obtained through our model of AFA useful to bridge the gap
between current and reference performance in Mathematics in a scientific Bachelor? (RQ2)
To what extent is the use of AFA activities designed according to our model useful to support
the learning of Mathematics and preparation to the exam in a scientific Bachelor?

To investigate these research questions, we have analyzed data from a Mathematics module
for the first-year students in Biotechnology at the University of Turin (Italy). The module
was held in blended modality in the 2019/2020 a.y. It was not affected by the health
emergency since lessons ended in January 2020; lessons were held in a classroom-based
modality and support materials were available in a DLE for self-paced study, mainly in the
form of interactive worksheets or AFA assignments (Marchisio et al., 2020). At the end of
the module, the students took an exam, composed of a written part on the topics covered
during the course and an oral discussion of an essay about a contextualized problem chosen
and developed by the students. The online activities were not considered for the final grade,
which was expressed on a scale from 18 (passing grade) to 31 (highest grade with honors).
We drew several data from the AAS: for each student, the number of attempts to each
assignment; the grade earned at their first attempt and at their last attempt to the tests (in
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percentage); the number of students who attempted each test. From these data we computed
several statistics: the rate of attempts per students, dividing the total number of attempts by
the number of students who attempted the test; for each student, the average increase in the
grades between the first and the last attempt; for each student, the total number of attempts
to all the tests and the number of tests they attempted more than once. Moreover, we collected
the exam grades and cross-checked them with data from AFA. We also analysed the answers
to the questionnaire related to AFA. We used SPSS 26 for the analysis.

4. Results

Our analysis involved 96 students, of which 90 used the AFA activities and 73 took the final
exam. 6 students took the exam without using any online assignment, while 23 students used
the online activities but did not take the exam during the last academic year (a.y.). We started
by analyzing the assignments on the AAS. The online course included 17 online tests
designed according to our model. The assignments were attempted by a number of students
ranging from 15 to 72 (average: 49.35). The total number of attempts per single test ranges
from 29 to 453 (average: 184.94). The ratio of attempts per student ranges from 1.93 to 10.56
(average: 3.94). The last value was computed considering, for each assignment, only those
students who made at least one attempt, since assignments were not mandatory. As a second
step, we selected the students who made at least two attempts to one assignment (N=73) and
we considered the average grade each student earned in their first assignment attempt and the
average grade in their last attempt. Then, we compared the couple of variables through
pairwise Student’s t-tests. We found that students improved their grades by 12.27 points out
of 100, and the increase is statistically significant (p<0.001). This value gives us an idea of
the sharp increase of students’ scores when they are engaged in AFA activities aimed at
improving their understanding. In order to qualitatively appreciate this improvement, we
show how one student’s answers changed during repeated attempts to a question with
interactive feedback (Figure 1).

In order to understand the value of AFA activities to support the students’ preparation for the
exam, we compared the final exam grade of the students who used the online tests with those
who never logged in the AAS through ANOVA. We found that students of the first group
(N=5) had a lower grade than the others (N=68): the average grades are respectively 22.00
(Standard Deviation: 1.41) for the first group and 25.87 (SD: 3.54) for the second one. The
difference is statistically significant (p=0.018). Moreover, students who took the final exam
used automatic assessment much more than students who did not take the exam; in particular,
the first group made on average 38.60 attempts (SD: 45.94) to all the tests while the latter
only 8.17 (SD: 16.65). The difference is statistically significant to the ANOVA test
(p=0.003). These results show that AFA activities were used to prepare for the exam, and
that they were effective for this aim.
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| Firstattempt on on 11th February 2020 at 5:31 PM

During a summer week, the maximum temperatures recorded at de location over four consecutive days were 31 °C, 34 °C

Nhat maximum temperature should be recorded on the fifth day, for the mode of the five readings to be 34 °C? °

Nhat maximum temperature should be recorded on the fifth day, for the median of the five readings to be 32 °C? | 33 o°c
| Step by step procedure when wrong: First step

Let's go step by step. According to what is known from the theory, the mode is the | most frequent © val the distribution; furthermore, we have values for the first four days 31 °C, 34 °C, 33 °C, 30 °C, all different.
Since the value 34 °C coincides with one of the previous ones, the condition that the mode is 34 °C is equivalent to a maximum temperature of = 34 o

50 that this data appears exactly| 3 © correct response: 2 times
| Step by step procedure when wrong: Second step

Since the number of data including the unknown is | odd © the median is given by the central value © 32 °C should be the median with respect to the values
31°C,34°C, 33°C, 30 °C. Since the value is bigger than | 31 ©  Correct response: 2 of the ofher values and smalier than | 33 ©  Correct response: 2 Of the other values
the maximum temperature of the fifth day will necessarily have to |~ coincide with 2
Step by step procedure when wrong: Third step

Indeed, if the mum temperature of the fifth day ¢, s than 32 °C, than there will be exactly | 2 (<] Correct response: 3 vall 31°C,34°C,33°C, 30 °C, tg less than 32 °C.
and this lue will not the median. On the othe ide, if the maximum tem of the fifth day ¢5 is greater than 32 °C, than there will be exacth 2 © Correct response: 3°C.

34°C,3 C. t5 greater than 32 °C, and this last last value will not be the median

Second attempt on 11th February 2020 at 5:53 PM

During a summer week, the maximum temperatures recorded at a seaside location over four consecutive days were 28 °C, 31 °C, 30 °C, 27 °C. The temperatures are measured in Celsius degrees.

What maximum temperature should be recorded on the fifth day, for the mode of the five readings to be 28 °C? | 28 o

What maximum temperature should be recorded on the fifth day, for the median of the five readings to be 29 °C? 29 °

Figure 1. Two subsequent aptempts to one question about Statistics by the same student. He failed the first attempt
and followed the interactive feedback, composed of 3 steps, which guided him in the solving process. Then, he
tried the task again finding different values; he solved it autonomously and gave the correct answer.

To better understand the relation between the use of AFA activities and the exam results, we
looked for a correlation between the number of attempts to all the assignments and the exam
grade. However, these variables did not result to be correlated: the exam grades grow when
the number of attempts grows from 0 to 50 (excellent students made on average 51 attempts
to the online tests), while for un upper number of attempts, the exam grades average
decreases. We believe that it is due to the fact that excellent students had a lower need to train
for the exam, while students with more difficulties in Mathematics needed to repeat each
assignment more times to understand the underlying concepts and to manage to solve
problems. Thus, we looked for another variable which could explain the exam grades, and
reveal the students” commitment with AFA activities without being affected by the individual
amount of work each student needed in order to succeed. We came up with the number of
assignments each student tried at least once. This variable does not focus on the number of
attempts made for assignment, but reflects the number of tests on which students made some
effort. In so doing, it measures the level of engagement generated by the AFA. This resulted
to be positively correlated to the exam grades (N=73, squared-R=0.32, p=0.008). In
particular, we can observe how the exam grades increase when this variable increases: data
are shown in Table 2. These results show that the feedback obtained from the assignments
designed according to the model of AFA activities, when used to bridge the gap between
current and reference performance, helped acquire useful mathematical knowledge and
competence, as demonstrated in the final exam.
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Table 2. Average of the exam grades and increase in the assignments grades during multiple
attempts depending on the number of repeated AFA assignments.

N. of repeated assignments N Exam grade (average) Exam grade (SD)
0 5 22.80 2.95
1-4 16 24.75 3.26
5-9 17 25.94 2.88
10-17 30 26.93 3.77

5. Conclusions

Throuhg the data analysis and the results, it is possible to answer to the research questions.
As regards (RQ1), it is possible to affirm that the feedback obtained through AFA activities
helped students of a scientific Bachelor degree improve their performance in Mathematics.
The feedback activated the students who generally repeated the tests to improve their
performance; their average grades improved by 12.27 points out of 100 from the first to the
last attempt. As regards (RQ2), the results show that the use of AFA activities was useful to
support students’ learning of Mathematics and their preparation to the final exam. It was
observed that students used the online assignments to study for the exam and that the students
who used the AFA activities earned a higher exam grade than those who never accessed them.
Moreover, there is a significant correlation between the number of assignments that students
repeated more than once and the exam grade. This variable measures the students’
commitment and persistence in AFA activities, reducing the effects of the variability in the
number of attempts to all the assignments due to the students’ confidence, skills and need of
repeating the activities many times to achieve good results. These results show that the model
for designing AFA activities for Mathematics can be an effective methodology to support
teaching and learning of Mathematics in blended and online modality in higher education.
Probably, the feedback provided through these activities ensured that students with
difficulties in Mathematics engaged in the tasks and better understood the solving process of
the various problems, as well as the underlying mathematical concepts: in fact, the students
who made the highest number of attempts were not the most brilliant ones. Thus, the AFA
model can be a valid support for the weakest students even during the pandemic, since they
might be the most damaged by the situation. These results cannot be generalized due to the
low numbers included in this study. Moreover, the module adopted also other methodologies
(such as problem solving) which could have influenced the results. As a further research it
would be interesting to repeat similar analyses including higher numbers of students, even
from different degree courses, and adding an entry test to check students’ prior knowledge in
Mathematics. The AFA materials developed for this module can be shared with other teachers
in similar contexts and adopted on a larger scale, even in open online courses where students
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are more autonomous but need timely feedback about their achievements. Further
development of this study concerns Learning Analytics, developing solutions able to
automatically detect problems or difficulties and help teachers make decisions to dynamically
shape the path.
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In this paper we present a project dedicated to the development of a didactical
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Engaging Physics Tutoring: A didactical toolbox for teaching assistants (TAs)

1. Introduction

As a polytechnic university, ETH Zurich has compulsory introductory physics courses in
almost all of its bachelor study programs. The Department of Physics is offering a total of 14
different physics courses which are all tailored to the specific needs of the non-physics major
programs. In addition to a physics lecture, which typically adresses several hundred students,
small-group exercice classes, comprising 25 to 30 students each, are an integral part of the
educational offer. The main goal of these exercice classes is to train students in applying the
concepts that have been discussed in the lecture. The exercise classes are run by more than
150 teaching assistants (TAs), most of them being PhD students.

In the past, the Department of Physics made a huge effort in reforming its introductory
lectures according to well-established educational principles (Meredith & Redish, 2013;
Crouch & Mazur, 2001). The exercise classes, however, remained almost out of focus. TAs
are invited to attend teaching courses which are offered by the central support unit, but the
general principles covered by those courses is of little help when TAs have to plan, organize
and teach physics in their classes. How can we improve the learning success in physics
exercise classes? Which strategies can help to step out of standard automatism such as pure
exercise-solving and direct instruction? How can we “hook and hold” the students? With
regards to those questions, we have developed a didactical toolbox including a wide range of
tailored teaching material for our TAs.

The idea for the EPT (Engaging Physics Tutoring) project arose from our observation that in
practice many TAs struggle to implement techniques which they have learnt in general basic
teaching courses. Furthermore, the time it takes to prepare an engaging lesson usually
exceeds the preparation time which TAs can invest in addition to further duties like correcting
homework and managing their class. Therefore, in this project we developed a didactical
toolbox of materials for physics TAs and published it as an eBook (Bondar et al., 2021). In
2020 we have used the toolbox as a pilot in 13 exercise classes and we reported how TAs
have been using it for improving their instruction. Due to the Covid19 pandemic, half of the
exercise classes were taught online.

2. Approach and developments

2.1. Structure of the developed materials

The toolbox consists of concept questions (Oliveira, 2013), advanced organizers
(Gurlitt, 2012) and case-based calculation examples. Additionally, we included ideas for the
“hit” of each lesson — which is based on an engaging phenomenon, that involves the students
emotionally and fosters their active thinking in order to help them developing higher-level
competences. Occasionally we also included “hands-on” experiments that are especially
suitable for online performance and activation of the students.
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Most of the material is based on real-life examples in order to motivate students, encourage
them for active interaction and engage them emotionally. Figure 1 illustrates some examples
of application ideas used in the materials.

Examples of application ideas developed for MC questions & calculation workouts
e Mujinga Kambundiji sport challenges (kinematics, energy) e Focus with Roger Federer (F-t diagram)
e Raumstation im Orbit (circular motion) e Enjoying beach of Israel (Interference)
e Tauziehen Wettbewerb (Newton’s laws) e World Trade Center Stair Climb (power)
e Base jumping experience (Newton’s laws) e AC/DC hort man am besten laut (waves)
e Santain Sledge (free-body diagrams) e Helping dolphins (waves)
e Mike Tysons Rechte war gefiirchtet (Newton‘s laws) e Corona-pandemic waves (units)
e Krishnas «Butterball» (friction) o (Climbing the Everest (units)
o Arbeits-Zeit Diagramm of Elon Musk in Space-X (work) e Mistake by Mars Climate Orbiter (units)
e Bats and Doppler shift (Doppler effect) e Fun with husky dogs (work)
“Hits” of the lessons “Hands-on” experiments
e landlady & radioactivity: Hevesy story (radioactivity) e Catching Kendama (angular momentum)
e Shroud of Turin (carbon dating) e Falling book bang! (friction)
e Drone and hurricane Eduard (kinematics) e “Singing” cup (standing waves)
e Playing cards with Newton (Newton'’s laws) e Balloon rocket attacks (Newton’s laws)
e Violin slip-stick beauty (friction) e Ruler magic (friction & lever principle)
e Riding the wall of death (circular motion)
e Helmet crash test (energy)
e Keep the speed limits (energy)

Figure 1. Real-life examples implemented in the materials; MC=Multiple Choice.

2.2. Didactical approach

With the toolbox at hand, we encouraged TAs to use our materials relying on a well-
established approach in the design of their exercise class. Namely, they have to align their
planning with specific learning goals of the course, which then define the teaching content
and activities of their lessons. Assessment techniques should be applied to inform students
and teachers whether a teaching goal has been achieved. This will ensure constructive
alignment of all teaching and learning activities (Biggs & Tang, 2015).
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The developed materials are aligned with learning objectives of the class and can serve as a
basis for the design of learning activities and assessment tasks during the exercise session
(see Figure 2). In addition to the traditional teaching approach, TAs can develop own
activities based on the collaborative and highly interactive SCALE-UP approach (Feldman
etal., 2019).

Learning objectives

Learning activities Assessment tasks
Figure 2. The materials can be used as a basis for the design of Learning activities and assessment tasks.

2.3. Some Examples

Here we give some examples of the developed materials; Figure 3 shows examples of real-
life applications of the topics of units (Mars orbiter) and of friction (violin vs. squeaky door).

Enjoying “slip-stick” beauty of violin

Inspired by Helen Czerski

The Mars Climate Orbiter
Why units matter

What happens when the bow is touching the string?
o

The mistake...
Mission control on earth calculated with american units, The satellite calculated with Violin vs. squeaky door?
Sl-units. The numbers sent from mission control to the satellite, were in Ibfs (Pound Viokn music and squeaky door hinges are both examples of the po urfaces
force-second). But the satellite expected Ns (Newton-second)! | ]
m
11b=0.453 k 9806 t
& lbfs = 1b-gy 15 = —S-15 = 1b-32175%
1ft=0.304m 0.304 $
7t
> 1Ibf=4.48N

» Corrective maneuvers were too small by a factor of 4.48! . .
Can we transform the mechanics of a squeaking door

into a breathtaking violin concerto;)?

ipecha. org /i /Mars_Chemate_Orbier -
vkipedia org/wikyPousd_[force) =EPT —=gpr

Figure 3. Examples of real-life applications of the topics of units (left) and friction (right).

For students it is also important to have a bird-view of the topics presented during the
semester, as it enables them to create a network of knowledge. To help students following
links between different topics as well as their common frameworks we also prepared mind
maps. These schemes can serve as road-maps while working through the corresponding sub-
topics. Figure 4 shows an example of a mind map dedicated to kinematics.
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Von der Kraft zur Position: Rechnen mit Massenschwerpunkten

Wieweit.? | x 1‘!

Wie schnell...?
Anhalten: Yyt I
| Bewegungsgleichung
Newton I

FR/’? Komponentenweise m— .. ‘oa Integration
v > my=... < :
X s DGL losen
s =]
Aligemeine mechanische Krifte v
F=(F.F.F) | Gesamtkraft I

¥ T P | i .

Frs= 2 F; o | Kriaftegleichgewicht Anfangsbedingungen:
Fra=0 |——————] a (i) = vi() =% * (i) =%

vy = const

=EPT

Figure 4. Example of a mind map on kinematics.

2.4. New developments

As a new method, we have developed a “2Q” system. At the beginning of each class, the
students are asked to answer a set of two Multiple Choice (MC) questions which are closely
related to learning objectives of the lesson. The answers are not yet revealed. At the end of
the exercise class the students are asked to answer the same questions again, after which the
correct answers are discussed. This system allows the TAs not only to assess the learning
success in their lesson but also to outline key topics of the lesson and provide a road map for
the students.

We got very positive feedback about this system from students (Figures 5, 6, 7, 8) as well as
from the TAs (Figures 8 and 9). Furthermore, we observed that the questions activated and
engaged the students right from the start of the lesson. Sets of suitable questions for each
lesson are included in the toolbox.

3. Implementation and feedback

The materials were immediately used by 6 TAs. Namely, we had two dedicated focus groups
almost entirely teaching their lessons with our material. Another four TAs were occasionally
using the material as ideas / building blocks for the design of their lessons.

In order to estimate the success of the project, we used an online anonymous survey to collect
student feedback. The survey was administered to one of our focus groups, where at least
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90% of each lesson was based on our materials. Below you will find students’ answers to
some key questions. A total of 26 students responded to the survey.

How did you find the materials presented during the class? How useful were the materials for your learning?

@ Super useful

@ Super

® Good | @ Good

@ Ok @ Not so useful
‘ Bad @ Not useful at all

38,5%

Figure 5. Results of student’s feedback on usefulness of EPT materials in their learning (N=26).

Which materials did you like the most?

26 responses

Theory 19(73%)
Clicker-questions 21(81%)
Example tasks 11(42%)

0 5 10 15 20 25

Figure 6. Results of students’ feedback on favorite types of EPT material.

For what were the materials most useful

26 responses

Solving the exercises 10(39%)

Motivation 11(42%)

16(62%)

Knowledge organization

22(85%)

0 5 10 15 20 25

Concept understanding

Figure 7. Results of students’ feedback on the role of EPT materials in their own learning.

The positive feedback from students and from the TAs suggests that our material helped to
activate and engage the students emotionally and to enhance their learning - even in the
challenging setting of online teaching.

In particular, the results of the diagrams in Figures 6 and 7 show that on average the students
rate the role of the materials for their conceptual understanding higher than for their problem-
solving skills. This is particularly interesting since the example exercises were, most of the
time, very close to the homework exercises, by using similar ideas and solution paths. The
missing competence to transfer knowledge to specific problems is a common issue in the
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learning process of non-experts (Rebello et al., 2007) and is therefore especially relevant for
students of introductory courses. The performance of the TAs also plays an important role,
which we neglected here. Our evaluated focus group was taught by an experienced TA.

For me the clicker questions were really useful to
reuse in my TA session, as preparing clicker ques-
tions takes a long time, if | have to do it myself.

Ich finde die Ubungslektionen toll!

Unter anderen finde ich die Idee super, am Anfang 1 think the clicker questions worked really well,
Fragen zu beantworten und am Schluss nochmals, especially for remote teaching. This was how |
um den Fortschritt zu sehen. was able to engage my students the best way. /
@l
ol

Die Theorie ist super gegliedert und die Konzepte Super well-structured and great examples,
kénnen oft fiir das Losen der Aufgaben als Anhalt

genutzt warden.

exactly the right length to use
in the 45 min class.

— Clicker questions led to interesting discussions

about the solution. /
— e
X Many thanks for creating all these great
M DiclClckerfiagen und dicnechiicssende materialsi! | think they were awesome and
arungen bringen sehr viel fiirs Verstandnis! rny/stieleritslala 1ovetd e /
Die Theorie ist super, um das Konzept zu Examples of daily life worked really well to
verstehen, und die Clicker-Fragen sind hilfreich! motivate the students to think about physics. )
|
There were a very nice summary for the
Guter Aufbau der Ubung. students and helped me extremely preparing I
for the classes. 4

Die Mischung aus Ubungen und Theorie ist super.

Please keep it up! I'd be very happy to profit
from your materials next semester again!

Figure 8. Further impressions from students and TAs.

I'm teaching a physics class at ETH, and first time I was able
to profit from slides that were not mine. It's also the first
time that the students were participating much more actively in
the class; not only in the multiple choice but also already in
the summary/theory slides. I'm convinced it's due to the much
more quality material that I was able to use and present to
them. Since I didn't need to spend a lot of time on preparing
material for the class, I was able to spend more time on
correcting the exercises more detailed, which the students
appreciated as well. It's really a fantastic service you
provided and it was extremely helpful, both to me and the
students. I hope you are gonna continue with your team, I'm
sure all the TAs and students would be extremely happy! Thanks
a lot again for your effort!”

Figure 9. Comment by a TA.

4. Summary and outlook

We have developed a didactical toolbox of material for TAs who are teaching exercise classes
for non-physics majors. The material of the toolbox was used by several TAs and we
collected feedback from students and TAs from one focus group. Based upon the positive
feedback received, we conclude that our material helped to engage the students and to
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enhance their learning. The toolbox played an important role in preparing high-quality
exercise sessions, which both students and the TAs enjoyed together.

However, we realized that, besides providing teaching material, it is also paramount to
establish a community of practice, where TAs can share and discuss their teaching
experience. Fostering PCK (Pedagogical Content Knowledge) (Carlson et al., 2019) is as
important as providing good teaching material.

This successful experience now has motivated us to continue the development of our material
and to expand our focus to all of ETH Zurich exercise classes for introductory physics. In
addition we will also focus on PCK and on social aspects in teaching.
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Abstract

The research is aimed at the construction of a multi-level adaptive test (MST),
for the evaluation of the mathematical skills of Italian students of Grade 10,
and was carried out in collaboration with Invalsi for a PhD study of "La
Sapienza" University of Rome. The research started from the definition of the
construct to be measured, taking into account both national and international
references. A specific item bank was then built. The test was administered to a
sample of 4132 students. The experiment confirmed the advantages of an MST
model. Interesting results emerged by comparing the adaptive part of the main
paths with a linear tests consisting of the same number of items and
administered to a sample of pre-test students and comparing the MST test with
a simulated linear test, built on the same item bank and with the same numer
of item of MST test.
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Verification of the measuring properties and content validity of a computer based MST test

1. Introduction

The introduction of computer-based administration has introduced many changes in large-
scale educational assessments, but not all computer-based tests are created equal. The most
common are computer-based linear tests, which generally administer a predefined set of
items, and variable form tests, in which the computational and interactivity potential offered
by the computer is used to administer a set of items that is determined when the test is carried
out. CAT, Computer Adaptive Testing, and MST, Multistage Testing, fall into this last
category. Many studies state that the adoption of adaptive tests would allow to overcome
some of the limitations of the linear ones (Weiss, 1985; Weiss and Kingsbury, 1984;
Hambleton, Swaminathan and Rogers, 1991).

The simple transition from paper to computer-based support in linear test maintains the
problem that the evaluation carried out is very accurate for average levels of ability but not
so much for the extreme levels, with a waste of time and resources in the administration of
items to students for whom they are too easy or too difficult to have psychometric value.
Only items whose level of difficulty is adequate can significantly contribute to the estimation
of the student's ability. In a well-designed adaptive model, it is possible to make the student
support mainly items that have a level of difficulty appropriate to his skill level.

Since Grade 10 students generally have a wide range of skills, the test must measure progress
across a broad spectrum of outcomes and must be sensitive to small, but significant, academic
progress. These two needs are best met by adaptive tests rather than by a linear test because
the former adjust the difficulty of the test based on student achievement during the test itself
(Hambleton, Zaal & Pieters, 1991; Sands, Waters & McBride, 1997; Sireci , 2004; Wainer,
2000).

2. CAT and MST

In CATs the adaptation of the test to the student's ability takes place after the administration
of each item, often starting from a skill level estimated on the basis of other parameters. The
design of a multistage test is characterized by the fact that each level is represented by a set
of items, called module or testlet, of predefined difficulty; the adaptation of the test to the
student's ability therefore takes place on the basis of the cumulative performance on a set of
items rather than on the result obtained in each individual item, as in the CAT. In both cases,
if the student is doing well, he will be given a more difficult item or set of items, vice versa,
an easier item or set of items. A widespread risk of administering CAT tests is that they are
not balanced in terms of content. To give an example with the estimation of mathematics
ability, it could happen that one student was administered mainly items coming from a single
domain, for example arithmetic, and another item coming mostly from another domain, such
as geometry. Multi-level tests offer the advantage of greater control over the assembly of
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forms and the validity of content compared to the item-by-item adaptive tests (Hambleton,
Swaminathan e Rogers 1991; Hendrickson 2007; Vispoel 1998; Wainer, Lewis, Kaplan ¢
Braswell 1990; Yen, 1993).

3. Framework

There are elements which characterize mathematical competence' that are not detectable by
means of a standardized test. It was necessary to proceed with the identification of the aspects
that could be effectively measured by a standardized computer-based test. It is possible to
verify the ability to mathematically formulate a problematic situation or to understand the
validity of argumentation but the inclination to use mathematical models of thought is not
measurable. So in this test we assume that mathematical competencies are: knowledge and
skills and the capacity to apply them to problem solving and to understanding and producing
argumentation and reasoning.

The items belong to 4 different content categories, Algebra and arithmetic (AA), Uncertainty
and Data (UD), Relationships and functions (RF), Space and shape (SS), and three cognitive
domain Knowledge, Problem Solving and Reasoning, then articulated in general and specific
learning objectives. The cognitive domains constitute a grouping of goals (learning
outcomes), based on the idea that the mathematical activities essentially refer to either
reasoning or solving problems and that these two dimensions are not independent of each
other and require knowledge of concepts, formal language and procedures to be implemented.
The semiotic dimension of representation is considered cross-cutting to the others and takes
on different aspects in each of them.

4. The item bank

A specific item bank was built, by carrying out two distinct pre-test phases anchored together.
Sampling of students, distributed throughout Italy and in various types of schools, was always
carried out with random assignment of forms to students. In the first phase, 18 test forms
(460 items) anchored together were administered to a sample of 4672 students. In the second
phase, 11 test forms (403 items) were administered to a sample of 5797 students. These tests
were anchored to each other and to those of the previous phase. In both phases of the bank
construction, the items were selected by calibrating the difficulty of the items according to

'For the definition of the mathematics framework, the definition of mathematical competence adopted in the
European framework of key competences and those currently present in Italian legislation were taken into
consideration. The main reference was the INVALSI Framework, but we also compared ourselves with the main
international references: the frameworks for mathematics of OECD PISA and NAEP and the Cambridge IGCSE
Syllabus.
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the 1-parameter Rasch model, verifying the unidimensionality of the construct with a specific
EFA (Exploratory Factor Analysis), and considering: the format of the items, the proportion
of correct answers (p > 0,10), discrimination of items (R > 0,20), defined as the biserial point
correlation of one item with all others of the same test form, the main fit indices, such as the
standardized residue (zResid not significant), Infit index and Outfit index, between 0,8 and
1,2. In each phase, for the calibration of the item bank, the method of concurrent calibration
of all test forms was used since it allows to place the estimates of the item parameters and
the ability estimates on the same scale without an additional linking procedure. Two factor
analysis were carried out for each form: one before the calibration of the bank, to identify the
items that did not have a good loading with the factor, and one after the calibration to verify
that the unifactorial solution was acceptable. The analysis carried out confirms the hypothesis
that the unifactorial solution is correct. The extraction of additional factors has not shown
convincing solutions. To obtain a single bank, calibrated on a single scale, the two banks
were linked using the Anchor-Test Design with the Robust Mean and Sigma Method
(Hambleton, Swaminathan, Rogers, 1991 and Stocking & Lord, 1983), that is usually used
to develop a common metric in the Item Response Theory. At the end of the linking process,
the estimated values of b for all items are placed on the same scale and it was possible to
perform a recalibration of the ability estimate of all students, to fixed values of b. The item
bank was made up of 497 items, all on the same scale. Figure 1 illustrates the distribution of
items in relation to the difficulty parameter b.
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Figure 1. Distribution of items in relation to the difficulty parameter b.

5. The MST test: developing the MST 1-3-3 model

In order to develop an MST 1-3-3 model, like the one in Figure 2, three intervals have been
identified along the continuity of the ability, with the central interval placed on the mean
ability of the sample. Each range has an amplitude equal to one standard deviation. For Stage
1, a routing module (16 items) was designed. For Stage 2 and 3, two modules were designed
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for each skill interval, consisting of 18 and 12 items. All modules focused on the average
ability of the sample in the reference range (E, easy, M, medium, H hard). The selection of
the items took place with an optimization process with the constraint of maximizing the
information function I(0) and balancing the modules in relation to the framework.

Stage 3
’ 2E (18 item) ‘ 2M (18 item) ‘ 2H (18 item) ‘ Stage 2
‘ 1M (LOCATORTEST, 16 item) ‘ Stage 1

——  Principal path

Secondary path

Figure 2. MST 1-3-3 model.

For the definition of the routing rules, the cut-off values of the ability, that identify the
threshold for accessing the next module at the end of each module, were identified
intersecting the information functions of the modules at stage 2 and 3 and converted into true
score values (Luecht, Brumfield, Breithaupt, 2010). The test was administered to a sample
of 4132 students equally distributed throughout the country and by field of study. The
selection of the students took place with a two-stage sampling.

5.1. Content validity

During the test assembly it was possible to set and comply with stringent constraints covering
the framework which guaranteed the validity of the test content. For each content area there
are 26 or 27 items in the complete MST test. The distribution of items in each path is balanced
with respect to the content areas as you can see in Table 1.
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Table 1. Number of items for each path.

Path UD AA RF SS
Path 1 IM+2E+3E 12 12 11 11
Path 2 IM+2E+3M 12 12 11 11
Path 3 IM+2M+3E 12 11 12 11

Path 4 IM+2M+3M 12 11 12 11

Path 5 IM+2M+3H 12 11 12 11
Path 6 IM+2H+3M 11 12 11 12
Path 7 IM+2H+3H 11 12 11 12

6. The comparison between the MST test and the linear tests

In order to verify, in terms of measurement accuracy, the actual improvement of the MST
test compared to a non-adaptive test centered on the population average, it was decided to
make two comparisons: the complete MST test with a linear test built from the same item
bank and the adaptive part of the MST with one of the linear tests used to perform the pretest.
To do this, it was necessary to choose a linear test with exactly the same number of items as
the MST test, 46 items for the complete test and 30 items for the adaptive part of the MST
test, because the information function is influenced by the number of items. The comparison
is feasible because the items of the two tests are on the same scale, so difficulty and ability
are directly comparable.

6.1. The adaptive part of the MST with one of the linear tests used to perform the pretest

Among those available, the linear test that showed the best psychometric characteristics was
chosen. For this comparison, the estimation of the students' ability was used, carried out using
only the items of the adaptive stages, 2 and 3. This was done to have comparable tests by
number of items and to estimate the measurement capacity of the adaptive part of the
test. There were two types of tests: a direct comparison of information functions and a t-test
for independent samples on the average number of correct answers and on the average value
of the SE in the estimate of the ability. For each module only those students who fell into the
intervals into which the continuous of the ability in the construction phase of the test was
divided, were considered. From the t-test it can be seen that the SE in estimating the ability
of the MST test is always significantly lower than that of the linear test. It is also observed
that in Path 1 the students respond on average to 6.950 items more than in the linear test, in
Path 4 on average to 2.819 items more and in Path 7 on average to 2.441 items less. The MST
test is therefore able to offer students with low abilities an adequate number of items to which
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they are able to respond and those with high abilities items that are still challenging and able
to investigate within the proximal development zone. Table 2 reports the values of the
information function of the main paths of the MST test and of the Linear test of the pretest,
with 30 items, at the extremes of the interval, 0 = -2.243 and 0 = +1.430, in the middle of the
interval, 0 = -0.406, and around the decision nodes, 6 = -1.06 and 6 = +0.21.

Table 2. Information function of MST path vs Linear 30.

o Path MST Linear MST - Linear
-2.243 6.49 2.49 4.00
-1.070 6.63 4.82 1.81
-0.406 7.34 6.02 1.32
+0.210 6.72 6.50 0.22
+1.430 6.71 5.15 1.56

6.2. The complete MST test vs a linear test built from the same item bank

In this case, a direct comparison was made between the information functions of the two
tests.

2110)

En £ 25 2 s a s 0 03 1 15 2 25 3 B g

Figure 3. MST vs Linear 46.

Table 3 reports the values of the information function of the main paths of the MST test and
of the Linear 46 test, at the extremes of the interval, 0 = -2.243 and 6 = +1.430, at the center
of the interval, 6 = -0.406, and around at the decision nodes, 6 =-1.06 and 6 = +0.21.
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Table 3. Information function of MST path vs Linear 46.

7] Path MST Linear 46 MST - Linear 46
-2.243 8.43 5.54 2.89
-1.060 10.12 9.04 1.08
-0.406 11.12 9.63 1.49
+0.210 10.24 9.10 1.14
+1.430 8.64 5.54 3.1

7. Conclusions

The article shows that the limitations of linear and adaptive tests are overcome. The test turns
out to be more informative than a linear test built on the same item bank and allows for more
reliable estimates of student ability within a wide range of the continuum, improving
estimates particularly for students at the extremes of the range. At the same time, the test
succeeds in offering students with low ability a fair number of items that they are actually
able to answer and students with very high ability items that are still challenging.
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Abstract

This work aims to inspire, ignite and engage school students to consider STEM
at university, by collaborating between a university research group and school
students. Learning resources will be co-created with students, based on what
they have learnt and their new ideas. These resources will be used to teach
future students, in a multiplying effect. We specifically target a widening
participation school. Numerous engagement techniques have been used to
sustain participation whilst teaching online. Breakout rooms have been used
extensively, to provide close interactions between researchers and students.
Both male and female researchers deliver the project, to provide role models
in particular for the girls amongst the students, who are in the minority.
Surveys are being employed before, during and after the project to evaluate
the evolution of students’ attitudes towards STEM. Given the projected success
of this pilot, plans are in place for a national roll-out of virtual co-creation
collaborations.
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A virtual co-creation collaboration between a university physics research group and school students

1. Introduction

At a time when many research outreach activities have been cancelled, our particle physics
research group is providing an enriching activity for school students. We are pioneering an
innovative online approach to teaching data analysis from the biggest particle physics
experiment in the world (ATLAS Collaboration, 2008). The interface that students are met
with is shown in Figure 1. Normally, this project would fit the blended learning model
(Graham, 2006) - the intention was to meet face-to-face occasionally so students would be
getting a rich experience. If possible, face-to-face-meetings will be pursued towards the end
of the project. Ten 16—17-year-old students at a crucial stage of their learning, have been
given the chance to enhance their extra-curricular activities (Eccles et al., 2003). The project
is running over 6 months, providing an opportunity to scaffold the students’ learning
(Gibbons, 2002). The project is designed to be engaging and motivating, while giving
students a safe yet challenging environment to tackle university-level material.

ATLAS Open Data @

Figure 1. Homepage for the ATLAS Open Data website user interface.

2. Aims and Planning

The key objective of the project is to engage students with exciting, cutting-edge research. In
doing so, we aim to motivate some to consider STEM at university (Carnevale et al, 2011).
The project also hopes to address the widening gap between privileged and disadvantaged
students. A key deliverable of the project is for the students to create a tailored online
programme for students of similar ages to follow, giving a multiplying effect to our project
in terms of students reached. This pilot programme is being used to co-create resources,
establishing a partnership of discovery (Dollinger et al., 2018). Therefore, the research
questions are two-fold:
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1. Can we develop a curriculum with participants to attract future students to choose
STEM?

2. Can we facilitate participants’ attitudes towards STEM by engaging them in the co-
creation of learning materials?

We specifically work with a widening participation school - a school whose students are from
groups (socio-economic, ethnic background, etc) that are under-represented in higher
education (Burke, 2013). Over half their intake qualify for at least one widening participation
scheme within the school. Students were chosen according to interest in particle physics,
regardless of demographics. Some characteristics of the students involved are given in Table
1. An online programme gives the chance to work with students that may not be able to attend
after school in person, for whatever reason. The project is relevant to students not only
because of their natural curiosity and interest in physics at university but also because it has
overlap with the specification they are following at school - particle physics, units of energy,
magnetic fields, accelerating particles and more.
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Table 1. Some characteristics of the students involved, obtained from self-assessed anonymous

survey data.

Profile characteristic

Detail

Age (years old)
Gender

Subjects studied at school, other
than physics and maths

Reasons for choosing physics

Decided what they want to do
after school?

What do they hope to gain from
working with us?

Problem solving level
Particle physics theory level

Particle physics experiment
knowledge

Level in using histograms

Level in evaluating
uncertainties

Knowledge level in C++
programming
Knowledge level in Python

programming

Preference for independent or
group work

16 (50%), 17 (50%)

8 male, 2 female

Further Maths (5), Chemistry (5), Computing (2),
Biology (1), Economics (1), Music (1) , Spanish (1)

Interest and enjoyment (8), Need for further study (3),
Knowledge/skills will help with further study/career (2),
Help application for further study (1)

Yes (50%), An idea but still considering options (50%)

Insight into how scientists conduct research (8),
Experience of research (8), Learn about the ATLAS
experiment (8), Learn analysis skills (7), Opportunity to
make unique contribution (5), To add to CV/applications
(5), Opportunity to work with friends/peers on project
outside school (5), Learn programming (4), Nice online
hobbie (3)

Above average (4), Average (3), Beginner (1), No
knowledge (1)

Above average (1), Average (2), Beginner (6)

Above average (1), Average (3), Beginner (4), No
knowledge (1)

Above average (6), Average (2), Beginner (1)
Above average (2), Average (6), Beginner (1)

Expert (1), Above average (2), Beginner (1), No
knowledge (5)

Expert (2), Above average (2), Beginner (2), No
knowledge (3)

Both (7), Independent (2)
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3. Current approach

We use micro-talks (10-15 minutes) with key themes and educational messages to begin
synchronous sessions, sometimes given to the students beforehand in a flipped-classroom
style. Equipped with the key ideas, we want students to learn primarily through doing. We
have used activities that encourage exploration, written in Table 2. With each activity,
students were analysing proton-proton collision data, where information from the ATLAS
experiment allows one to identify fundamental particles and measure their properties with
associated uncertainties. Having worked through exploratory activities, students are co-
designing the activities of Table 3 with us.

Table 2. Explanatory activities used during the project, along with their learning objectives.

Exploratory activity Learning objective
HYPATIA event display (Kourkoumelis & Particle identification using the ATLAS
Vourakis, 2014) detector

Histogram Analyser (ATLAS Collaboration, 2021)  Optimising for signal vs background

Jupyter notebook (Kluyver et al., 2016) Learning to code

Table 3. Activities co-developed with and for the students.

Activity developed Learning objective

Summary table of histogram analysis ~ Connection between tabular and graphical data

Analysis flowchart design Understanding of steps in particle physics analysis
Real data measurement Build upon skills learnt with simulated data

Question design Ability to give student voice in written documentation
Curriculum link research Connection between school and extra-curricular study
Documentation writing Experience of preparing scientific documents
Documentation review Experience of peer-review process in research

Explore with Excel Develop skills in a common data analysis tool

How to rediscover the Higgs Use computer programming to rediscover a particle
New-physics research Review theories being actively researched by scientists

Adapting to an online environment has been challenging, but a learning process. Quality two-
way engagement is maintained by various interactions through Microsoft Teams, a known
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pedagogical tool (Martin & Tapp, 2019). Kahoot quizzes continue to be an effective
participation tool (Wang & Tahir, 2020). To give students more ownership over their
learning, we ask them to design questions, see Figure 2. We also provide opportunities for
students to present, helping them develop public-speaking skills. Altogether, this builds a
low-threat-high-challenge climate, where students respond to challenges when they do not
feel under pressure from teachers or peers. We do this in our project with offline research
and collaboration between students. This technique is used by teachers in their lessons.

When making cuts to find the signal, should select b-tagged jets, or not b-tagged jet?

Are Jets b-tagged?

2
& 90,000
5}

S
M 25,000

20,000
15,000 o
10,000 Answers

5,000

0

BTag

A B-tagged & Not B-tagged

& kahoot.it Game PIN: 4185711

Figure 2. Example of a Kahoot quiz question asked to students as a starter activity during a live online session.

Breakout rooms have been key. Grouping two or three students and one researcher
encourages peer-to-peer-learning, providing a supportive environment where students feel
safe to share ideas and help develop confidence in group situations. It has been an invaluable
experience for students to have close interactions with working researchers, while the
learning is student-centred. Delivering via a variety of interaction techniques has also meant
that we have been providing teacher Continuing Professional Development (CPD). The two
teachers involved have learnt quite a bit from this activity and they report that it has given
them some ideas for teaching next year and maybe using the resources themselves.

Since girls are in the minority among the students (2/10), we engage our target audience by
showing female role models. Female researchers have led parts of the project throughout. We
also engaged a university student, to enthuse the school students about university. We
specifically employed a female student that excelled in laboratory modules at university. The
Institute of Physics (IOP) showed that a good teacher was more important than a teacher of
the same gender - i.e., a good male teacher who encourages girls into physics and is
supportive can be very successful (Murphy & Whitelegg, 2006). Even if all eight boys go
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onto STEM degrees at university, but neither girl does, the project would still be a success!
Another point to add is that the most senior researcher is female. This is beneficial as projects
where the senior people are male and gender balance is only achieved at junior level give less
confidence to female students and reinforces the wrong idea that “men are leaders, women
take part”.

4. Future evaluation

Seeing students’ evolution of attitudes towards STEM (before, during and after) will be
helpful, although the sample size is relatively small. Pre-project, we surveyed the students’
attitudes towards STEM. The project places an emphasis on skills, so we asked what skills
they were expecting to learn, see Figure 3. A future longitudinal evaluation may indicate if
we positively influenced students’ choices of studying STEM. Surveys have been conducted
in Google Forms, a proven platform for use in education (Brown & Hocutt, 2015). Since this
study is in progress, only the participants’ attitude towards STEM before
the project has been measured. The impact of the project will be evaluated in future.

What would you say your level is in: Problem solving? (5 = Expert, 4 = Above average 3 = Average, 2
= Beginner, 1= No knowledge)
9 responses

4 4 (44.4%)

3 (33.3%)

1 (11.1%) 1 (11.1%)
0 (0%)
|

1 2 3 4 5
Figure 3. Histogram of responses to a question from the evaluation survey given to students before starting.

4.1. Future expansion

Magnification of the project is planned. Post-pilot, we aim to hold an event where the students
can advertise their work to their whole school. This could include posters and talks, similar
to a conference, which would be a valuable opportunity and responsibility for the students.
Such an event would empower learners and educate them in the possibilities of their
future. Giving students challenging research level data can be intimidating, but when they
understand things not even master’s students have done and can teach this to their fellow
students and teachers, they are empowered with their potential and abilities.

33



A virtual co-creation collaboration between a university physics research group and school students

5. Conclusion

We have successfully developed and delivered a novel, engaging online pilot programme co-
creating learning resources with students at a widening participation school, during a
pandemic. The main benefits identified as a result of the project have been:

e Designing learning resources to enhance the possibility for students
to choose STEM at university
e Connecting students with researchers

e Providing an interesting and innovative experience to students.

We are still waiting for the final conclusion, based on the results of the student surveys to get
some hard data. Given the success of this project from student and teacher feedback, we have
plans to apply for funding, permitting a wider roll-out, building up to a national project
involving numerous universities.
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Abstract

Effective teamwork is one of the Engineering Council of South Africa’s (ECSA)
exit-level outcomes. To achieve this outcome, one has to learn specific
discourses and behaviours related to teamwork. Professional Orientation is a
first-year engineering module offered in an extended engineering degree
programme at a residential university in South Africa. This module assists
students in developing a ‘teamwork discourse’, using engineering-based
projects that follow the CDIO framework. In 2020, these projects transitioned
fully to a virtual environment due to Covid-19 restrictions. The iPeer Learning
Management System tool for peer- and self-assessment was used in this
research to investigate whether first-year students were able to apply the
teamwork discourses taught to them when completing the projects online. A
quantitative analysis of the iPeer results reflected that while 54% of the
students remained consistent in the two projects, 16% showed an improvement,
and 30% showed a decrease. The reasons for these results could be varied.
Thus, a qualitative analysis of the students’ comments for increased and
decreased marks was also conducted to assess how the relevant teamwork
discourses were applied and to what extent. These findings confirmed that
teamwork discourses could effectively be applied by a smaller percentage of
first-year students.

Keywords: Teamwork; engineering; projects, first-year; formative
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Building a ‘Teamwork Discourse’ with First-Year Engineering Students Online

1. Introduction

1.1. Background

The University of Pretoria, South Africa, offers a five-year extended engineering degree
programme. In the first-year of this programme a skills- and practices-based module titled
Professional Orientation is offered to students. The aim of this module is to provide students
with the foundations on which to build the relevant academic, IT, reading, writing and
problem-solving literacies needed to succeed in their studies and later in the workplace. One
of the academic literacies taught in the module is teamwork, both because it is outlined as an
exit-level outcome by ECSA (2020) and because it helps students to develop the situated and
transformed social practices, theorized in New Literacies Studies (Cope & Kalantzis, 2000)
that will aid them in their personal and professional development.

Teamwork involves a complex mix of verbal and non-verbal communication behaviours, or
discourses, to be achieved successfully. Consequently, this aspect of Professional Orientation
is scaffolded to help students first understand and then apply knowledge and skills to projects
that represent an engineering environment in microcosm. In the first semester, students
participate in workshops on teamwork, effective communication, conflict management,
collaborative learning, and CDIO'. These offer the students a theoretical understanding of
how to work effectively in teams. In the second semester, students apply what they engaged
with in semester one to projects that follow the CDIO framework. The first is the GoGreen
project, where students are put into pre-selected teams, from a variety of different engineering
disciplines, to practice applying the teamwork discourses they were taught in the first
semester for the first time. The second project is the capstone project titled ‘LEGO’, where
students are put into new pre-selected teams, still from different engineering disciplines, to
reinforce the teamwork discourses they have learnt and practiced in a multidisciplinary
environment that more closely emulates a workplace environment.

At the middle and end of each project, students use the iPeer Learning Management System
(LMS) tool to grade the performances of each of the team members for assessment ‘as
learning’. This allows students to reflect on their own learning and to offer useful feedback
to their teammates with the aim of improving their teamwork as they go along.

1.2. Rationale

Educators and scholars generally recognise that high levels of teamwork are necessary to be
successful in today’s workplace. Although also highly valued by organisations that need
cooperation between members in order to achieve their objectives, engineering programmes

! CDIO is a project framework used by engineers that subdivides the lifecycle of a project from conception to
completion into four categories: Conceive, Design, Implement, and Operate.
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seldom pay explicit attention to ‘“helping students develop teamwork and project
management skills” (Smith, 2000). Limited instruction is provided on how to communicate
and function effectively as a member of a team. Often engineering education focuses on
individual contributions rather than on managed group efforts, although such groups are the
norm in industry. It is therefore important that students studying engineering “learn skills for
working effectively as members of groups” (Denning, 1992). However, Lingard (2010)
acknowledges that most engineering students are ill prepared to function effectively in teams
before being required to do so as part of a course, which aligns with the researchers’
experience.

Furthermore, the National Academy of Engineering (2020) in the United States (recognized
by the University of Pretoria because of its affiliation with the Washington accord) notes that
only 40 to 60% of entering engineering students persist and successfully complete an
engineering degree. To address this issue, it is becoming increasingly recognised that it is
important to introduce engineering activities, including team-based design projects and
community service projects, early in the undergraduate experience alongside basic science
and maths courses so that students begin to develop an understanding of the essence of
engineering as soon as possible. Curricular approaches that engage students in team activities
in team design courses, and in courses that connect engineering design and solutions to real-
world problems so that the social relevance of engineering is apparent, appear to be
successful in retaining students. However, the design of such approaches and assessment of
their effectiveness in terms of how to evaluate individual student performance are still not
well rooted in rigorous investigation.

Finding effective teaching strategies and meaningful ways of assessing teamwork are further
challenging tasks, according to Lingard (2010). Thus, the researchers elected to additionally
focus on the formative feedback in self- and peer-assessment to determine if this might
contribute to an improvement in teamwork and engagement amongst first-year engineering
students.

1.3. Aims and Objectives

Due to the Covid-19 pandemic in 2020, the GoGreen and LEGO projects took place virtually
using computer-based tools. The study that is reported and discussed in this paper
investigated whether first-year engineering students were able to:

e use the iPeer LMS tool to reflect on their peer and their own application of
knowledge and understanding of teamwork discourses first to the GoGreen project.

e reinforce and improve their knowledge, understanding, and experience of teamwork
discourses, again using iPeer, in the capstone LEGO project.
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2. The Projects

The GoGreen and LEGO projects that are offered in the second semester of Professional
Orientation were adapted to accommodate the online learning environment. A description of
these projects and an explanation of how they were adapted is offered in this sub-section.

2.1 GoGreen

The GoGreen project runs throughout the second semester of Professional Orientation. The
aim of this project is for students to work in teams to create a project, product, or game out
of a recyclable material that can be used to encourage a community to reduce, reuse, and
recycle. In previous years, teams were peer-selected and comprised four students so that they
could practice their teamwork in a comfortable and familiar environment. Teams were also
told which material they would work with (for example, plastic, electronic waste, or tin cans)
and to actively engage with a community to spread awareness. In 2020 these aspects of the
project were amended as follows:

1. Students worked in teams of three, rather than four.
2. Students were pre-assigned teammates by the lecturers in the module.

3. Each team could select the material they would like to work with, based on what
they had available at home.

4. The teams were encouraged to spread awareness online, rather than through active
engagement with a community.

It was decided that smaller teams would make the teamwork aspect of the project more
manageable, and that the teams would need to be pre-assigned to ensure that students would
neither be advantaged nor disadvantaged by their access to resources. Additionally, students
needed to have access to the material they would work with and they would need to limit
their contact with people as much as possible, due to the pandemic. Outside of these changes,
the project lifecycle and assessments remained the same.

22LEGO

The LEGO project is introduced to the students during the implementation phase of the
GoGreen project. Students are expected to manage their time around these projects and apply
their experience from the GoGreen project to the LEGO project. Historically, the LEGO
project takes place face-to-face. This project requires students to design and build a crane out
of LEGO pieces that can lift the maximum amount of weight 10 cm in 90 seconds. The teams
are required to conduct research, complete a design defence, build and test their crane, and
report back on their final design. However, the building and testing element of the project
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had to be adapted to accommodate the online learning environment. Thus, the following
changes were made:

1. Students worked in teams of three, rather than four.
2. The emphasis of the project shifted from manufacturing to design.

As a replacement for the building and testing phase of the project, the students used
Mecabricks free online software to develop the concept that they had established as a team —
Mecabricks is an online LEGO brick software that allows one to develop one’s concept into
a 3D LEGO design. In the design phase of the project, the students defended their initial hand
drawn concept, including calculations, to a team of peers and panelists from the module.
Then, they used the feedback to develop their design further in Mecabricks — a document
specifying the number of pieces and types of pieces the students could use was provided at
the start of the project. Once the designs were finalized, each team was given access to all of
the designs and asked to compare their team’s design to another team’s design by taking the
specifications and calculations into consideration. In this way, the students were forced to
think critically about their design work.

3. Method

A total of four iPeer assessments were completed in the two projects. These assessments were
done after the conceive and design phase of each project, and again after the implement and
operate phases of the projects. iPeer is an anonymous online LMS tool whereby students
receive a rubric (created by the lecturer to assess select aspects of teamwork). The students
then award their teammates a mark and offer a comment to support the mark. At the end of
the rubric, a general comment is required. Comments are compulsory, and the system
prevents students from submitting incomplete evaluations.

Because these iPeer evaluations are subjective and used to evoke honest, reflective responses,
the results were used to identify the students who showed an increased performance /
achievement or a decreased performance / achievement from the GoGreen to the LEGO
project. Once these students were identified, the comments were used to ascertain why there
was an improvement or a drop in the result, and if this could suggest that the students had
started to apply the teamwork discourses they were taught in workshops in the first semester
to their practical teamwork experience in the second semester, and to identify if this
application improved from GoGreen to LEGO based on the assessment ‘as learning’ from
themselves and their peers.

After organizing the comments received by the identified students into documents titled:
GoGreen increases, GoGreen decreases, LEGO increases, and LEGO decreases, codes based
on the areas assessed in the rubrics were identified. The two researchers then did solo coding
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using the CAQDAS software program Atlas.ti for qualitative analysis and in a second round
of coding worked collaboratively to compare results and ensure intercoder agreement.
Thereafter, the codes were organized thematically based on the teamwork discourses taught
in the first semester. These themes were identified as: communication, time management,
personal contribution, openness and understanding, commitment to the team goal, and
personal insight. The results are discussed in the section that follows.

4. Results and Discussion

4.1. Preliminary Observations and Participant Selection

Overall, the students’ iPeer scores were inflated compared to the overall results for each
project. Table 1 shows the percentage difference between the overall and iPeer averages for
the GoGreen and LEGO projects.

Table 1. GoGreen and LEGO differences.

GoGreen (%) LEGO (%)
iPeer average 94 90
Overall project average 62 67
Percentage difference 32 23

These results are not unusual as students tend to inflate their own and their peers results due
to concern that it might negatively impact the module mark. A limited understanding of the
importance of teamwork discourses both at university and in a professional environment
might also lead to inflated results. Although, it is interesting to note that the overall LEGO
project average, the more challenging capstone project, was 5% higher than the GoGreen
project average, and that the GoGreen iPeer average was 4% higher than the LEGO iPeer
average. This could suggest that, on average, the students’ teamwork improved from the first
to the second project and that the students began to apply their understanding of the
importance of teamwork discourses to their iPeer results, resulting in a drop in the average.
However, this is not a conclusive finding and further analysis of quantitative data is planned
in later stages of this longitudinal study.

Of the 99 students who qualified for the study, 54% stayed within a 5% range from GoGreen
to LEGO, 16% increased by more than 5%, and 30% decreased by more than 5%. Clear-cut
assumptions regarding the increases and decreases in these results could not be made as an
improvement would not strictly suggest better implementation of teamwork discourses and a
decrease or drop may not suggest a diminishment in one’s application of the teamwork
discourses taught to them. In fact, an improved score could point to less critical and more
general feedback (negative) and a decreased score could suggest more nuanced self- or peer-
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reflection (positive). To establish the possible reasons for the increase and decrease in results,
a qualitative analysis of the relevant students’ self- and peer-assessment comments was
conducted. The most pertinent findings are discussed in the sub-section that follows.

4.2 Qualitative Analysis

The majority of the responses to each of the six categories, namely: communication, time
management, personal contribution, openness and understanding, commitment to the team
goal, and personal insight, become more positive in the increases and negative in the
decreases from GoGreen to LEGO. This indicates that there is alignment between the results
the students give themselves and their peers and their comments.

In the increases, time management is the only category that shows a small discrepancy
between negative and positive comments (more negative than positive), which could be
interpreted as students generally finding time management a challenge early in their
university studies, sparking greater awareness and criticism. The virtual environment and
flexible deadlines may have made this a greater challenge for students as well, as teams may
have had difficulty arranging meeting times that were suitable to all participants. This is also
apparent in the decreases as there was a 16% increase in negative comments for time
management, also signifying that the challenges mentioned previously may be true.

With regard to communication, the negative and positive comments are relatively balanced
in the students who show an improvement and the students who show a decrease — the
largest range was in the LEGO decreases (35 % positive and 65% negative), suggesting that
communication is a challenge for many students. This may be because they are still learning
how to communicate effectively and work in teams. Moreover, the virtual environment would
have made it more challenging for students to communicate as they had to rely on virtual
platforms to contact one another and participate equally in the project.

Openness and understanding and commitment to the team goal result in no negative feedback
in the LEGO project increases, showing that these students demonstrate growth in their
willingness to work with diverse groups of people, especially since they were put into pre-
selected teams by their lecturers, and a willingness to work toward a collective goal.
However, there is a decrease in openness and understanding and commitment to the team
goal when it comes to the decreases. Although the results are still overly inflated (83%
positive and 17% negative and 91% positive and 9% negative, respectively), this may be a
sign of poor input or someone ‘taking over’ the project as a result of ongoing communication
challenges.

In terms of personal insight, many students tended to offer a self-reflection that was
representative of their peer feedback, an indicator of good insight and personal reflection.
However, a portion of the students were still unable or unwilling to reflect on themselves as
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part of a team, a finding that is linked to student maturity. It was interesting to note that the
students who showed a decrease in results from GoGreen to LEGO offered more positive
personal insight than the students who showed an increase. This could suggest recognition of
one’s limitations as a teammate.

5. Conclusion

The students’ formative feedback indicates that time management and communication
remain areas of need, despite workshop interventions in the first semester. This suggests that
practical experience and formative feedback that highlight these aspects of teamwork are
valuable. Furthermore, the results indicate that first-year students can be exposed to
teamwork early in their studies. Although teamwork results are inflated, students are able to
identify how effectively teamwork discourses have been implemented by themselves and
their peers. This emphasizes the need to actively teach these discourses and to use formative
assessments to bring greater awareness to what it means to be an effective team member.

The transition from a face-to-face environment to a virtual environment was a challenging
one for both the lecturers and students in Professional Orientation, and the finding that
teamwork can be taught and can develop in this space is encouraging for the future. Thus,
the researchers of the study at hand intend to extend their investigation on teamwork in first-
year engineering students to include the possible impact of other non-cognitive factors, such
as personality, on teamwork.
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Abstract

Programming education traditionally has been an important part of
Information Technology-related degrees but, more recently, it is also
becoming essential in many STEM domains as well. Despite this, drop-out
rates in programming courses in higher education institutions are
considerable and cannot be ignored. At the same time, analysing learning
behaviours has been reported to be an effective way to support the
improvement of teaching and learning quality. This article aims to deliver an
in-depth analysis of students’ learning behaviours when using course material
items. We analyse an introductory programming course at a University in
Dublin. The dataset is extracted from automatically logged learning data from
a bespoke online learning system. The analysis makes use of the power of
Principal Component Analysis and Random Matrix Theory to reduce
dimensionality in, and to extract information from, the data, verifying the
results with rigorous statistical tests. Overall, we found that all the students
follow a common learning pattern in accessing all given learning items.
However, there is a noticeable difference between higher and lower-
performing cohorts of students when using practical and theoretical learning
items. The high performing students have been consistently active in practice
during the study progress. On the other hand, the students who failed the exam
have more recorded activities in reading lecture notes and appear to become
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1. Introduction

Due to the growth in demand for Information Technology (IT)-related job markets, Education
in Computer Programming and related domains has received increasing attention.
Furthermore, STEM fields (science, technology, engineering, and mathematics) also require
essential programming skills and knowledge, making these types of skills an integral part of
any STEM sub-discipline (e.g., Artificial Intelligence, Bioinformatics, Statistics etc.).
However, despite the necessity of these skills, there have been considerable drop-out rates in
introductory programming courses reported from many studies (Kinnunen & Malmi, 2006).
In a recent study using data from 161 universities around the world, the failure rate in
introductory programming modules has been reported to be 28% on average, with a huge
variation from 0% to 91% (Bennedsen & Caspersen, Michael, 2019).

Results from previous research efforts have concluded that learning behaviours tend to be
correlated with students’ performance in programming education (Carter & Hundhausen,
2017). ‘Atrisk’ students will follow this correlation in their learning behaviours (Na & Tasir,
2017). Many researchers have reported that participation frequencies in various learning
sessions have positive effects on learning performance (Al-Shabandar et al., 2017). It has
also been shown that practice is essential for improving students’ programming skills and
students should be given opportunities to practice and receive constructive feedback (Ben-
Ari, 2001; Ho6k & Eckerdal, 2015). The effect of the diversity of learning styles on learning
scores and satisfaction has also been validated, using the data from an online forum (Shaw,
2012). Furthermore, thanks to the development in educational technology, advanced learning
systems now enable us to automatically record a large amount of data, such as on interaction,
at fine-grained levels, e.g., at the level of mouse and keyboard events. Based on such data,
several studies have revealed that there are great variations in accessing online learning tools,
which significantly affect student performances (Li & Tsai, 2017; Lust ef al., 2012).

On the other hand, novice programming students typically study both theoretical concepts
and practical skills through course material items such as lecture notes, lab instructions and
exercises. Studies have also reported that students tend to have difficulties in either
understanding concepts or in acquiring practical skills (Qian & Lehman, 2017; Whalley et
al., 2006). Although much research efforts have been carried out to study the learning
behaviours and their relationship with students’ outcomes, the learning behaviours in using
material items, however, has not been commonly investigated (Li & Tsai, 2017).

In this paper, we focus on the analysis of students’ learning behaviours in using course
material items between the higher and lower-performing student cohorts. The data are
collected from a bespoke online learning system, developed in our computing department,
and analysed by a range of techniques including Principal Component Analysis (PCA),
Random Matrix Theory (RMT) and statistical tests.
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The rest of the paper is organized as follows. Section 2 briefly describes the context of the
study, datasets and methods used for analysis. Section 3 provides details about the results and
discussions, followed by the conclusion in Section 4.

2. Research method

2.1. Context of the study and dataset

This research has been carried out based on a dataset representing the usage of learning
material items of first-year Software Engineering students in a Medium-size Metropolitan
University in Dublin. During the course, learning items are provided to the students weekly,
including general information, lecture notes, labsheets and programming tasks. Course
material items are delivered in the form of web pages on the bespoke online learning system.
We formalise the course material items in this context depending on material type (i.e.
General, Lecture, Labsheet and Practice) combined with the corresponding week, e.g.
Labsheet 1 refers to the labsheet used in week 1. For the general information items, we
denote them as General 0. Students’ interactive events with the items (e.g. mouse clicking
or scrolling, highlighting a piece of texts, switching between two items or submitting codes)
are logged on the system database. Based on the logged data, it is possible to extract a dataset
containing features that indicate the number of user interactive events in every course
material item for each student. The data have been collected automatically during the learning
progress without any manual intervention from either educators or students.

When finishing the exam, students submit their codes to the online system for automatic
grading and they receive the results immediately. A submission is considered “correct” if it
passes all the test cases pre-defined by the instructors. Every task is given the same mark
proportion and the overall mark is given to students after the exam is finished. A student
whose overall grade is less than 40/100 is labelled as “Lower-Performing”, otherwise, that
student is considered as “Higher-Performing”.

2.2. Analysis method

In this paper, the number of data features depends on the number of learning items, which
might lead to “the curse of dimensionality”, i.e. too many features in the dataset. We,
therefore, utilise the power of the Principal Component Analysis (PCA) and Random Matrix
Theory (RMT) to reduce the number of data dimensions, identifying the key components
containing essential information. The results are also verified by a set of statistical tests to
detect the important underlying factors in the students’ learning behaviours. The detail of the
analysis method is discussed below.

Let m x n matrix D be the extracted dataset from the logged data where m refers to the number
of students (data rows), n refers to the number of learning items (data columns). Each value
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Dy, where I <i <m and I <j <n, refer to the number of learning events generated when
the student / was interacting with the learning item ;. First, we apply Z-score standardisation
to the data, which converts D to Drormatised. The correlation matrix C can be calculated from
Dromatised, followed by the spectrum properties of C, i.e. empirical eigenvalues 11,2... where
A <A< .. </n and eigenvectors U"?". According to RMT (de Prado, 2020), empirical
eigenvalues can be compared with the distribution of eigenvalues from the same size random

2
matrix. Particularly, let the thresholds: A, =02(1 + 1/Q) where 0 = 1 due to

Dhrormatised having an unit variance; Q = (m/n) = 1; and 1+ are the upper/lower bounds of
theoretical eigenvalues distribution. Eigenvalues falling outside of the range [1, 1+] are
assumed to deviate from the expected values of RMT (Laloux et al., 2000). By comparing
the distribution of the empirical eigenvalue with the thresholds, we can identify the key
eigenvalues containing specific information in students’ learning behaviours.

The eigenvalues and eigenvectors of C can be used to form principal components of D. After
analysing and identifying the key eigenvalues /« and eigenvectors U¥, it is possible to project
the data on U%, forming principal components (PCs) scores (Abdi & Williams, 2010). The
eigenvector components corresponding to each PC can be seen as loadings of the PC,
indicating how much the feature (i.e. the course material item) contributes to the PC. By
testing the difference of the scores of principal components between “Higher” and “Lower-
Performing” student cohorts using a two-sample t-test (Cressie & Whitford, 1986), we can
verify if there is a difference in learning behaviours between the two cohorts.

Inverse Participation Ratio (IPR) is additionally used to assess the contribution of
eigenvector components to the corresponding eigenvector, i.e. the contribution of course

n
material items to the PCs. The IPR of the eigenvector U¥is given by IPR* = Z (u{‘)4
1=1

where u¥ is a component of the eigenvector U¥. We focus on the value of 1/IPR* which
implies the number of eigenvector components significantly contributing to the PCs.
Eigenvector components can be investigated to observe the common trend in students’
behaviours as well as the difference in the behaviours between student cohorts.

3. Results and Discussion

From more than 2.5 million learning events logged in the system database, we extracted a
dataset that contains information of 263 students and 37 learning items used in the
programming module over the two academic years (2018 and 2019). The students are
classified into two cohorts based on their exam results, i.e., “Higher-performing” (141
students) and “Lower-performing” (122 students). Applying the analysis method discussed
above, we have an m x n data matrix D where m =263; n=37; 0 ="17.1; 1+=1.98; 1.= 0.38.
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3.1. Select the key information part in the dataset

Figure 1 illustrates the probability distribution of empirical eigenvalues extracted from the
dataset and the theoretical eigenvalues predicted by RMT. Overall, the majority of empirical
eigenvalues (91.9%) falls within the range [A- = 0.38, A+ = 1.98], which are distributed within
the black curve in Figure 1. This is in agreement with previous studies which have found that
a large proportion of empirical eigenvalues were predicted by RMT (Daly et al., 2008). This
finding indicates that there is a measure of randomness in the majority of the eigenvalues.
That is to say, these eigenvalues are merely following a random pattern. The remaining
eigenvalues, which are higher than the upper limit A+ = .98, are outside the noise area and
contain key information about the data. i.e. learning behaviours of the students. As the result,
the first three components, which correspond to the three largest eigenvalues (i.e., 1 = 10.66,
A2=4.79, 13=2.53), are selected.
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Figure 1. Distribution of empirical eigenvalues and Figure 2. Inverse Participation Ratio of the
theoretical eigenvalues predicted by RMT. empirical eigenvalues.

Figure 2 shows the IPR values for the eigenvalues of the correlation matrix C. Based on the
IPR values of the first three eigenvalues, it is possible to calculate the value 1/IPR for A1, A2
and A3. The number of eigenvector components which significantly contribute to the 1%, 2
and 3" component are 30, 23 and 23 out of 37, respectively. We note that each eigenvector
component refers to a course learning item (e.g., Labsheet 1, Lecture 2 etc.), indicating how
much the learning item contributes to the PC. With the high number of learning items
contributing to the principal components, the finding implies that the students appear to
access and use most of the course material items delivered during the course.

3.2. Principal Component Analysis

Regarding the first principal component (PC1), all component loading values are positive.
Such a positive value of a component indicates that the component is positively correlated
with the corresponding principal component scores. Furthermore, there is no statistical
difference between the PCI scores for the higher and lower-performing cohorts (¢-test p-
value = 0.97 > 0.05). The statistical testing illustrates the similarity in the learning behaviours
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of students in the class. It indicates that almost all students have similar interactions with the
course material items during most of the semester. They participated in learning activities
and followed the instructions and requirements given by the lecturers. This finding reflects
the fact that students were participating in a structured module, i.c., they mostly followed a
designated timetable and a similar learning pathway in the class.

To detect dissimilarity between the two cohorts, we created a biplot, a visualisation technique
displaying information on both samples and variables in the data matrix (Graffelman, 2014),
which represents the 2" and 3™ principal components (PC2 and PC3) in Figure 3. Each green
or red dot refers to a student in the dataset. The blue lines demonstrate the loadings of the
PC2 and PC3, where each loading line implies how much the corresponding learning item
contributes to the PC2 and PC3 scores.

pc2 loadings
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pc3 loadings
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Figure 3. The biplot of the PC2 and PC3 extracted from the dataset.

Both PC2 and PC3 comprise either positive or negative component loadings. It is clearly
noticeable from Figure 3 that there are clusters of student learning behaviours in the course
material items. The majority of the lecture note items are plotted in the top-right quadrant of
the graph. Conversely, the practical-related items delivered at the early stage of the study
(e.g., labsheets and practices of week 1 to 7) are mostly distributed in the bottom-left quadrant
while the remaining practical items which were delivered during the later phases of the course
(week 8—12) can be found in the top-left quadrant of the graph. Furthermore, the PC2 and
PC3 scores for all students are plotted separately from both sides of the two components,
bounded by the red and green circles. We understand this finding to indicate the underlying
difference in learning behaviours between the two cohorts. The data for the lower-performing
cohort (green dots) are plotted on the right side of the graph, which is similar to the loadings
of lecture items, indicating the positive correlation between them. Meanwhile, the higher-
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performing cohort (red dots) has been found to be correlated with the loadings of the practical
and labsheet items. We also notice a statistically significant difference between the two
groups in the mean values of the PC2 and PC3 scores, with t-test p-values = 0.00 and 0.007
< 0.05, respectively. This distinction between the two principal components scores (PC2 and
PC3) reflects the difference in the learning behaviours between the higher and lower-
performing cohorts.

Based on these observations from Figure 3, it can be noticed that higher-performing students
appear to pay more attention to the items related to practical activities such as navigating
labsheets and doing programming tasks during the learning progress. Practising has been
proved to be an effective way to improve programming skills (Ben-Ari, 2001) and higher-
performing students have been reported to spend twice as much time on doing programming
tasks as the students who failed the exam (H66k & Eckerdal, 2015). Meanwhile, lower-
performing students seem to be more active in reading lecture notes than high achieving
students. This finding has been in agreement with the conclusions from the previous studies
that students who failed the exam spent more time reading the course books than the higher-
grade students (Ho6k & Eckerdal, 2015). A possible reason is that, along with course books,
higher-performing students tend to use alternative references from external sources such as
consulting senior students and tutorials from the Internet to support their understanding
(Rahmat et al., 2012). It is possible to conclude that lower-performing students might face
difficulties in understanding new concepts. Therefore, they merely kept reading lecture notes
while becoming discouraged and unmotivated to study and practice, especially in the later
phase of the semester when the knowledge became more difficult to acquire effectively.

4. Conclusion

In this paper, we conduct an analysis of the learning behaviours of students in using course
material items in the context of programming education. The analysis is based on a range of
techniques. First, we collected data from a bespoke online learning system. Second, PCA and
RMT have been utilised to analyse the data. Using RMT helps to remove random factors and
keep the key information part of the dataset. Finally, we analyse principal components scores
to find the similarity and difference in students’ learning behaviours when they interact with
course material items in the course. Overall, students interacted similarly with all course
material items during the programming course. However, lower-performing students have
been shown to have more activities in reading lecture notes than the higher-performing
cohort. Additionally, regarding practical activities, the lower-performing students are found
to be more active in practical-related course items including reading lab sheets and solving
given programming tasks. Besides, while the higher-performing students consistently
practised during the semester, the less achieved students appeared to have lost their focus and
motivation in the later phase of the course in solving programming tasks.
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There are several possible additions to our approach and research, which will be implemented
in future work. The research is currently focusing on the number of interactions in material
items. However, other attributes may contain useful information such as time duration spent
on the items. Those attributes could enable more insightful analysis of learning processes.
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Abstract

In an effort to communicate major scientific breakthroughs to a vast audience,
the media tends to present brief accounts of the findings and the process
towards their discovery. While this may be sufficient for the layperson, it is
certainly not enough for an undergraduate student in a scientific discipline.
Moreover, the media will unlikely be able to judge the relevance of different
breakthroughs and more emphasis will be put in those discoveries with more
captivating titles. This is particularly worrying when it comes to actual
students as it utterly biases their decisions when aiming to pursue a research
career. The fact that syllabi tend to leave little to no room for introducing
concepts that go beyond the standard curriculum leaves this problem unsolved.
With the aim of tackling these issues, we have organized a workshop where
experts from various institutions delivered lectures and even performed
exhibitions of the phenomena being discussed. The initiative, named Recent
Advances in Condensed Matter Physics, was aimed at undergraduate Physics
students in their last two years at our University. In order to assess the
strategies of our learning methodology, the experiment was carried out for
three consecutive academic years and feedback from students was collected in
the form of homework and surveys. The results show that introducing recent
research discoveries in the curricula is a complex yet profitable strategy.
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1. Introduction

The term Condensed Matter Physics (CMP) was coined by Philip Warren Anderson (Nobel
Prize in Physics in 1977) and Volker Heine in 1967, when they were working at the
Cavendish Laboratory, Cambridge. This subject deals with condensed phases of matter,
namely, solids and liquids with many constituents (electrons and ions) under strong
interactions between them and possibly subjected to external electromagnetic fields.
According to the number of published papers, CMP is the most active sub-field of research
in Physics nowadays (Sinatra 2015). Since the year 2000, the Royal Swedish Academy of
Sciences has awarded the Nobel Prize in Physics six times to researchers working in areas
related to CMP, including the last one in 2016. Besides the interest in fundamental aspects
of Physics, CMP is a key area for the development of new technologies in a variety of niches
(quantum and information technologies, data storage, energy harvesting and tailored
materials for an endless series of applications, to name a few of them). A large number of
scientists trained in CMP work in industry and found the training they received in University
very rewarding.

The vast majority of undergraduate Physics degrees, if not all of them, offer subjects related
to CMP, from introductory levels (mostly referred to as Solid State Physics courses) to
advanced ones. However, these subjects’ syllabi are often exceedingly dense and broad, with
a large range of topics to be covered. As a result, there is usually very little time to present
recent scientific discoveries. Such discoveries are often briefly accounted for in the media
and sometimes may even go unnoticed for their not being sufficiently captivating. This
asynchrony between the content delivered in the standard curriculum and the discoveries at
the forefront of science leaves a considerable gap that students cannot overcome until
attending graduate courses. By that time, students have already chosen a path to follow in
their research without having had enough information about novel findings in different fields
of the physical sciences.

Throughout the years, we have been able to observe how students perceive the
aforementioned asynchrony between the concepts being taught in their lectures and the
current research in fields such as CMP. A great example is that of graphene, a material which,
since its experimental discovery in 2010, has led to a plethora of revolutionary discoveries.
In contrast, students in their undergraduate courses will learn that graphene is a crystalline
material with interesting properties but not much more. An excellent review on how to bridge
the gap between teaching and research-based teaching can be found in Fraser et al. (2014).
With this in mind, we decided to put the idea of drawing students closer to recent advances
in CMP to the test, by bringing together their knowledge from their standard lectures and the
most recent discoveries, as well as explaining how these have reshaped our modern world.
In this work, we will present the initiatives and activities that were carried out during the
academic years 2017/18, 2018/19 and 2019/20, along with the main results and conclusions.
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2. Methodology and work plan

2.1. Objectives

Our work revolves around the workshop Recent Advances in Condensed Matter Physics
(RACMP). All other activities and the data collection stem from the workshop. More
specifically, our goals when designing this project have been:

e To make students familiar with the most recent and leading research topics in the
area of CMP.

e To increase the interest in pursuing a research career and, in particular, to draw the
students’ attention to CMP.

e To statistically assess the students’ response by means of surveys. In particular, we
intended to find whether their being exposed to advances in CMP increased their
awareness on the importance of CMP-related subjects within their degree.

e To show the results and conclusions to the academic authorities of our Department
with the objective of introducing new methodologies inside the classroom.

2.2. Expected impact and indicators

The expected impact is very specific and easily quantifiable. On the one hand, there is a series
of activities which will be discussed in detail later in the paper. Thus, the organization of the
workshop, the seminars, the number of participants, the number of optional European Credit
Transfer and Accumulation System (ECTS) credits, the speakers, etc. already provide
indicators related to the statistical samples that have been used for the surveys. On the other
hand, we have the actual surveys, the answers to which are found in Section 3. Finally, a
White Book with specific proposals shown to the academic authorities in our Department is
included in Section 4. We expect the impact to be immediate since the updates in the syllabi
and the new methodologies are readily accessible for their introduction in the current
curriculum.

2.3. Organization

The workshop RACMP took place during the second semester of each academic course, from
February to May, during the academic courses 2017/18, 2018/19 and 2019/20. The students
in mind were third- and fourth-year undergraduate students in Physics. Each session was 90
minutes long and they took place once a week during 10 weeks. Finding the right timing for
the lectures was not straightforward since students in their last courses have a broad range of
optional subjects, which massively overlap. Each session was delivered by experts in CMP,
both from academia, research laboratories and scientific institutions (see Figure 1). The
invited researchers were delighted with the idea and promptly accepted the proposal. The
number of students who attended the workshop each academic year was above 60, much
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higher than those attending the optional subjects in CMP. Most students attended the
seminars regularly and received a certificate of participation and attendance. Students were
also given the possibility to hand in a summary no longer than 1000 words related to one of
the sessions of their own choosing. Those who did could apply for 1 optional ECTS credit.

[ ’/
Figure 1. Prof. Maria José Calderdn, from Instituto de Ciencia de Materiales de Madrid (Consejo Superior de

Investigaciones Cientificas), in a classroom demonstration of the amazing physics of high-temperature
superconductors.

2.4. Topics

The titles of the sessions in the academic year 2017/18 were the following

(1) Electronic correlation: From jellium to supercomputation.

(2) The quantum Hall effects.

(3) Topology at the service of condensed matter.

(4) Dirac materials based on graphene: CERN in miniature.

(5) Quantum dots: Manipulation and control of artificial atoms.

(6) Chiral molecules: Spintronics without magnets.

(7) Magnetic nanowires: A route towards new sensors.

(8) From Foucault’s pendulum to Hofstadter’s butterfly: creating synthetic gauges in
condensed matter.

(9) Magnetic tunnel effect: Versatility of complex oxides.

(10) Exotic fluids and granular matter: From fundamental physics to silos.

The titles of the sessions in the academic year 2018/19 were the following

(1) The quantum Hall effects.

(2) Irreversibility and dissipation in microscopic engines.
(3) Chiral molecules: Spintronics without magnets.

(4) Superconductivity.

(5) Optical properties of semiconducting nanowires.

(6) Graphene nanostructures.
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Emergent phenomena: interfaces.
Mechanical properties and friction at the nanoscale.
Correlated oxides interfaces’ based spintronics.

(10) Thermal transport at the nanoscale.

The titles of the sessions in the academic year 2019/20 were the following

(M
@
3)
4
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(6)

(M
®)
&)

Chiral molecules: Spintronics without magnets.

Topological insulators and topological semimetals.

The quantum Hall effects.

Twisted bilayer graphene: the magic of Moireé.

Optical properties of semiconducting nanowires.

Quantum dots: a versatile platform towards quantum computation and quantum
simulation.

Strengths and weaknesses of ab-initio calculations.

Nanowires: a route towards efficient thermoelectric devices.

Superconductivity.

(10) Thermal transport at the nanoscale.

Due to the Covid-19 crisis, the last five sessions of the course 2019/20 were delivered online.

3. Survey

3.1. Survey questions

At the end of the workshop, students were given anonymous surveys which contained the
following questions:

(M
@
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4
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Have you taken or are currently taking Condensed Matter Physics in your
undergraduate or graduate studies?

Did you know what Condensed Matter Physics was before attending the workshop?
After this workshop, has your interest in deepening your knowledge through other
courses, activities or optional subjects on topics related to Condensed Matter
Physics increased?

Would you like to pursue a career in Condensed Matter Physics?

If so, which aspects are you most interested in? Theoretical, experimental or both.
Do you think that the number of subjects offered in Condensed Matter Physics is
proportional to its relevance?

Do you think that the workshop format, with specific talks on current research
topics, is interesting and applicable to other subjects of your degree?

Are you considering applying for the optional credit?

If so, do you think the evaluation method to be appropriate?
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(10) Would you attend the workshop again next year if new topics are introduced?
(11) Would you recommend your classmates the assistance to the workshop?
(12) Which topics did you miss in this year’s workshop?

Data for the statistics: Male Female Other

3.2. Results

Table 1 presents a summary of the data retrieved from the survey.

Table 1. Statistics of answers to survey questions.

Question Yes No DK/NA
1 18,5% 81,5% 0
2 70,4% 29,6% 0
3 88,9% 11,1% 0
4 48,2 % 40,8 % 11,0%
6 40,7% 59,3% 0
7 92,6% 7,4% 0
8 18,5% 81,6% 0
9 100,0% 0 0
10 92,6% 7,4% 0
11 96,3% 0 3,7%

Question 5 was a follow-up question to question 4 which, in case of the latter being
affirmative, asked about the student’s interest in theoretical or experimental aspects in CMP.
The responses were the following

Table 2. Question 5.

Question Theory Experiment Both DK/NA

5 14,8% 33,3% 29,6% 22.3%

In response to question 12, students missed talks on plasmonics, social repercussions of CMP
and their applications, as well as visits to research laboratories.
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Figure 2. Gender of registered, attendees and ECTS requested to RACMP surveyed in 2018/19.

The data used for Figure 2 corresponds to the academic year 2018/19.

3.3. Analysis of results

From the results obtained in questions 1 and 2, regarding their knowing of CMP and their
having taken courses on CMP before the seminars, most students replied that they did know
of the existence of CMP although had not yet been enrolled in any subject related to it. This
is very likely due to the fact that most students know that the syllabus of Solid State Physics
encompasses topics that belong to the broader area of CMP. Question 3 shows that the
workshop has fulfilled our objective of raising the student’s interest on CMP since most
students feel an urge to continue deepening their knowledge on the topics. Moreover, half of
the attendees consider the possibility of pursuing a career in CMP (question 4), in a
proportion that is even higher than the proportion of Physicists actually working in CMP.
The interest in purely theoretical aspects is low, around a 15% (question 5) and, rather
remarkably, all interested participants were male. In contrast, all participants who marked an
interest in purely experimental aspects were female. It is interesting however to point out that
about a third of the participants would like to pursue a mixed career, neither purely theoretical
nor purely experimental. As question 6 shows, a large fraction of students, around 60%,
considers that CMP is underrepresented in the current curriculum of the Department of
Physics. The responses to question 7 show that most students believe this kind of activity to
be applicable to other subjects. Although not a large number of students were willing to apply
for the optional credit (question 8), all who did consider the evaluation method to be
appropriate (question 9). Finally, we would like to stress the large number of students (above
90%) who would attend the following year’s workshop and recommend it to their fellow
classmates (questions 10 and 11).

In the optional comments, the attendees stress their interest in the proposed activity since it
bring the researchers and their work closer to the students. Moreover, the low number of
ECTS requests, even if the students consider the evaluation method to be appropriate
(question 9), exhibits the genuine interest generated among the students by the CMP.

63



Exposing undergraduate students to research: A Condensed Matter Physics case study

Regarding the gender of the students, the data reflects the gender participation in our
University, with a proportion of 36% female (Nieto-Zayas 2013). On the other hand, the
speakers where exactly half of them male and half female, in mean value spanning the three
years of activity.

4. White book

From the results obtained in the surveys as well as from the experience gained by the
organizers, we made the following recommendations to our Department:

o In the first subjects of the Degree in Physics where students start being exposed to
the behaviour of solid matter, namely, Materials Physics and Solid State Physics, it
is convenient to emphasize that CMP represents a third of the current research in
modern Physics.

e Since true modifications of the syllabi can be rather complex, alternatives must be
put forward so as to show students the relevance of CMP. The RACMP workshop
proved to be an excellent platform to achieve this aim, although it is clearly not the
only alternative that exists.

e  Offering optional credits favours the participation, even if the student already had a
motivation to attend the activity.

e The workshop has allowed for the analysis, synthesis and evaluation of the contents
on CMP from the students’ viewpoint.

5. Conclusions

The surveys show that the RACMP constituted an interesting activity for students to get to
know research at the forefront of Physics and to increase their interest in the subject. The
results were included in a white book with specific purposes which were then shown to the
authorities in our Department. The expected result is that improvements will be included in
the teaching methodologies as well as in the syllabi. Finally, taking into account the students’
interest and the need for an enhancement of the role of CMP in the standard curriculum, a
fact that is not exclusive to our University, we believe that the results presented herein will
be of interest to other Universities.
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Abstract

Racial transformation is crucial for South African higher education institutions,
the accounting profession and the country as a whole. Consequently,
determinants of students’ academic success must be at the forefront of
accounting education research. Understanding these determinants will assist
universities to better assist students with their learning. This study focused on
self-efficacy in academic performance—a previously limited research area in
South African accounting education. The aim was to determine the relationship
between self-efficacy and academic performance amongst students registered in
a second-year undergraduate course for an accounting degree at a South
African university. It was found that self-efficacy was moderately positively
correlated with academic performance. The findings indicate that it is
worthwhile performing further empirical research on self-efficacy, especially
while controlling for other significant factors affecting students’ academic
performance.

Keywords: Self-efficacy; academic performance; accounting; South Africa;
student; success.
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1. Introduction

South African higher education institutions have made significant progress with regards to
transformation in recent years, including increased access, particularly for Black South
Africans. However, this has not translated into equitable graduation rates. The accounting
profession needs these students to succeed academically and start contributing to the economic
stability of the country, thereby promoting equality and rectifying the injustices of the past.

Therefore, it is paramount to understand the factors affecting students’ academic success to
identify who needs the support, how best to offer it and when to do so. While prior accounting
education research in South Africa has focused on demographic and academic factors affecting
academic performance, there are other potential determinants of success identified in the
literature of other disciplines as well as internationally. One of these determinants is self-
efficacy.

The present research is motivated by two studies. Joynt and de Villiers (2019) found an
association between self-efficacy and academic performance, while Shamsoodien and
Carpenter (2020) identified the need to investigate the impact of self-efficacy on student
academic performance while controlling for determinants of success.

Using Kendall’s tau-b correlation coefficient, this study determined the relationship between
self-efficacy and academic performance in students registered for a second-year undergraduate
course in an accounting degree at a South African university.

2. Literature Review

Recent accounting education research has focused on factors affecting either academic
performance or degree completion. However, this narrow approach of measuring student
outcomes has led to an expansion of the explanatory variables, which now include students’
personal development and integration into an institution’s environment such as locus of
control, student engagement, self-efficacy or institutional culture. It is paramount to first
identify determinants of academic success before developing targeted interventions to improve
graduation rates.

2.1. Biggs 3P Model

There are multiple factors affecting students’ academic success in higher education institutions.
The Biggs 3P model explains the three stages of student learning and the factors that could
affect students’ academic performance (Biggs, 1987). First, the presage stage includes
personal factors (e.g. intelligence, background or demographics) and situational factors (e.g.
subject content or course structure). Second, the process stage relates to the way in which the
student goes about learning. Third, the product stage relates to student performance and
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includes either cognitive factors (high-level informational or detail-oriented structures) or
affective factors (how the student experiences learning) (Biggs, 1987).

The model has been used extensively in many fields, including accounting education
(Davidson, 2002; Papageorgiou, 2017). While Biggs (1987) focused on students’ learning
approaches, it was acknowledged that presage factors assisted in developing the learning
approach. Therefore, factors such as prior academic results, age, gender, race, language and
potentially self-efficacy, determine students’ learning approach, which subsequently affects
their academic performance.

2.2. Academic and demographic factors affecting determinants of success

The single best predictor of academic performance at all levels for accounting students in South
Africa is academic performance in the immediately preceding year of study, whether in
undergraduate studies (Jansen & De Villiers, 2016; Papageorgiou & Halabi, 2014; Swart &
Becker, 2014), postgraduate courses (Pullen et al., 2015; Steenkamp, 2014; Swart & Becker,
2014) or professional exams (van Wyk, 2011). This is likely due to the hierarchical knowledge
structure of accounting studies (Myers, 2017).

Numerous South African studies report that students who took accounting as a subject in Grade
12 outperformed those who did not (Bokana & Tewari, 2014; Papageorgiou, 2017,
Papageorgiou & Carpenter, 2019). However, any advantage gained is not sustained beyond the
first year of undergraduate study (Jansen & De Villiers, 2016; Papageorgiou & Halabi, 2014).
Overall, performance in Grade 12 is strongly correlated with academic success at all levels of
tertiary education (Bokana & Tewari, 2014; Jansen & De Villiers, 2016; Pullen et al., 2015).

South African literature largely concludes that younger students outperform older students,
whether at the undergraduate level (Bokana & Tewari, 2014; Jansen & De Villiers, 2016),
postgraduate level (Steenkamp, 2014; Ungerer et al., 2013) or in professional exams (Roos,
2009; van Wyk, 2011). However, there is some research indicating the contrary, especially at
the start of an undergraduate degree (Papageorgiou, 2017).

Due to contradictory findings in South Africa, there is inconclusive evidence on the impact of
gender on accounting academic performance. Some studies indicate outperformance by males
in undergraduate studies (Jansen & De Villiers, 2016), while others report females
outperforming males in both undergraduate studies (Carpenter & Kunaka, 2018; Coetzee et al.,
2016) and professional exams (Roos, 2009). Yet other studies have found no correlation
between gender and academic performance in undergraduate studies (Bokana & Tewari, 2014;
Papageorgiou, 2017; Papageorgiou & Halabi, 2014; Steenkamp, 2014) or in professional
exams (van Wyk, 2011).

South Africa has a history of institutionalised racial disparities in education and therefore it is
to be expected that there would be significant differences between the academic performance
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of White students and that of other racial groups (Bokana & Tewari, 2014; Papageorgiou, 2017,
Sartorius & Sartorius, 2013; Ungerer ef al., 2013). The literature is clear that White students
outperform all other race groups, Black students are less likely to pass and Black African
students fare the most poorly. While access to tertiary education and funding has widened,
student attrition rates remain high, and will likely only change substantially once deficiencies
in the secondary schooling system are addressed, and there are employment opportunities for
graduates (Kaburise, 2014). Graduation rates and time-to-completion are also affected by
funding and financial aid (Carpenter & Roos, 2020).

The impact of race on academic performance is linked to home language and the language of
instruction. South Africa has 11 official languages; however, only two of them—English and
Afrikaans—are offered as the language of instruction in tertiary institutions. The literature
notes a strong positive correlation between academic success and assessment in one’s first
language (Bokana & Tewari, 2014; Papageorgiou, 2017; Steenkamp, 2014; Swart & Becker,
2014; Ungerer et al., 2013; van Wyk, 2011). In contrast, other research suggests that Grade 12
language marks are not correlated with academic success at university (Aboo, 2017; Jansen &
de Villiers, 2016; van Rooy & Coetzee-van Rooy, 2015) and that multilinguism may contribute
to academic success (Martirosyan et al., 2015; Papageorgiou, 2017).

2.3. Self-efficacy as a factor affecting determinants of success

Perceived self-efficacy is a person’s belief in their capabilities to produce designated levels of
performance. In academic performance literature, self-efficacy relates to the belief that one will
achieve good marks in a particular subject. Most literature confirms that self-efficacy is
positively correlated with academic performance. That said, there is limited research on self-
efficacy in the field of accounting higher education in South Africa, and therefore international
literature should first be investigated.

International studies on accounting students provide contradictory results. Some find evidence
of an inverse relationship between pessimism and academic performance (Christensen et al.,
2002; Mooi, 2006). However, there seems to be more literature indicating a positive
relationship between self-efficacy and academic performance (Beatson ef al., 2020; Byrne et
al.,2014; Gul & Fong, 1993). In particular, Beatson et al. (2020) note that self-efficacy trumps
high school experience as the most powerful predictor of academic success.

In a South Africa, Joynt and de Villiers (2019) investigated the impact of a preparatory course
on students’ academic performance in a first-year Accounting course. They report a positive
association between academic performance and self-efficacy. However, as there is scant
research on this topic in South Africa, it is uncertain whether this finding is pervasive or
whether the impact of self-efficacy on academic performance follows the contradictory
international evidence in this field.
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Therefore, it is worthwhile first exploring if there is a relationship between self-efficacy and
academic performance in accounting studies in South Africa, and thereafter to investigate the
extent and depth of that relationship.

3. Method

The objective of this study was to identify whether a relationship exists between self-efficacy
and accounting students’ academic performance. The students investigated were registered for
Corporate Governance I, a second-year undergraduate course in an accounting degree at a
South African university.

Self-efficacy was assessed by measuring students’ responses to the survey statement, “I feel
confident in my ability to achieve a grade that is above average” (McKenzie & Schweitzer,
2001) and responses were rated using a five-point Likert scale ranging from 1 = not confident
at all to 5=completely confident. Ethical clearance was obtained prior to the survey
distribution. The use of a single statement to measure participants’ self-efficacy is consistent
with prior literature (McKenzie & Schweitzer, 2001). Academic performance was verified
through students’ final marks in the course, obtained from institutional student records.

The final number of students who completed the survey and for whom a full set of records was
available amounted to 401, yielding an overall response rate of 70%. From a comparison of the
sample to the population, there was representation and consequently, non-response bias was
not expected (Nishimura et al., 2016).

The data comprised the ordinal variable related to self-efficacy and the continuous variable
related to final marks. Therefore, a Kendall’s tau-b (t) correlation coefficient—a
nonparametric measure of the strength and direction of association between self-efficacy and
final marks—was calculated using IBM SPSS Statistics version 27.

4. Results and conclusion

Figure 1 shows the distribution of final marks for the self-efficacy scale. Graphically, it can be
observed that students who selected ‘completed confident’ (i.e. scored 5 on the Likert scale) in
their ability to achieve a grade that was above average performed well in the course, while
students who scored 2 or 3 on the Likert scale did not necessarily perform better than their less
confident peers.

A Kendall’s tau-b (tv) correlation was run to determine the relationship between self-efficacy
and academic performance amongst the 401 participants. There was a moderate positive
correlation between self-efficacy and final marks, which was statistically significant
(t =.208, p =.000).
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Figure 1. Final mark vs self-efficacy.

Therefore, given that self-efficacy is moderately positively correlated to academic
performance, programmes should be developed to assist in fostering an environment where
students are confident in their ability to perform well in a course.

It stands to reason that the next step should be to consider whether self-efficacy is significantly
associated when controlling for factors identified in the literature. Further research could
include a regression analysis, incorporating Grade 12 results, prior academic performance, age,
gender, race and language. Another avenue would be to consider the impact of these variables
in private tertiary education (Carpenter & Kraus, 2020).

It is important to understand all factors affecting accounting students’ academic success in
tertiary education. Cognisance of these factors will assist universities to help students develop
effective learning approaches, which should then improve their academic performance (Biggs,
1987). The research on the impact of self-efficacy in accounting students in South Africa is
still in its infancy. However, investigating it in conjunction with other factors that may affect
academic performance may help universities provide innovative support programmes and
additional directed assistance (financial and otherwise) that will assist students’ academic
success.
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Abstract

The present article discusses the experience of redesigning the pedagogy and
learning tools of a pillar course at the School of Design of Politecnico di
Milano, the Metadesign studio course. Metadesign is a design methodology
that leads to the concept definition of a new product or service through a
research process that synthesizes design goals, technological and productive
constraints, market context, and consumption trends for a consumers’ group
of reference. It represents a unique methodological approach characterizing a
design education as it provides a consolidated research practice able to
support the design process. The course structure foresees the reconstruction
in phases and the development of all the contextual elements—product, space,
service, communication artifact, etc.—that come into relation with the to-be-
designed object and influence its characteristics. This process enables creating
the "abacus" of components to use in a design activity. Considering the ever-
increasing need to reshape the whole education system because of the
paradigmatic change pushed by digital transformation and the urgency for on-
distance courses posed by the COVID-19 emergency, the article presents a
renewed "reversed"” course structure. It highlights strengths and opportunities
for further improvements representing a solid base for innovating a fashion
design education.
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1. Introduction to Metadesign for Fashion: Pedagogical Principles and
Approaches

Metadesign (Van Onck, 1964) is a methodological approach that aims to provide students
with preliminary design skills to lead the concept definition of a new product or service
considering a system of socio-cultural, production and market opportunities, and constraints.
This methodology represents the core of design education at Politecnico di Milano. In the
2nd year of all the bachelor's degree programs at the Design School of Politecnico di Milano,
a design studio focuses on it.

The Metadesign studio encompasses the entire design process, from research methods and
tools for understanding the product system to the interpretative reading of the design context,
up to the envision of a use scenario. Specifically, in the Fashion Design Program, Metadesign
Studio aims to trace the entire design process that leads to the conceptualization of an apparel
collection, covering the different phases, from research and analysis to concept generation,
design, and presentation, towards methods and tools representative of the discipline.

The faculty team composition is interdisciplinary in terms of competencies, roles, and
responsibilities. It includes both scholars, experts in managing the Metadesign process
applied to the fashion design domain, and professionals skilled in all the phases concerning
the development of an apparel collection, from research to design and production. This
interdisciplinary composition guarantees the integration of an Academy-Industry perspective
(Colombi & Vacca, 2016) by offering students, grouped in working teams, the opportunity
to develop their own design skills through the experimentation of a real case study (Bertola
etal., 2017).

The studio-based didactic experience is structured in two subsequent levels. The first one has
a theoretical-analytical focus, and it is organized in theoretical lectures, instrumental lectures,
and seminars with guest speakers. It mainly involves a creative and critical thinking approach
(Crane, 1983; Anderson, 1990), encouraging learners to develop systemic and logical
reasoning, frame market context, examine technological and productive constraints, and
understand consumption trends linked to the very fashion product. The second one presents
a conceptual focus on a reflection-in-action approach (Stewart & Colombi, 2015)
characterized by two crucial pedagogical methods.

On the one hand, the learning-by-doing approach, where students' participation in practical
activities, complemented by a critical and strategic thinking method, is preferred (Shon,
1983). On the other hand, the participatory learning approach, where learners are encouraged
to actively participate within the working team and in constant dialogue and reflection with
faculty, favoring a learning process based on sharing knowledge in the process and practice
(Orr & Shreve, 2017). This second level provides for a team assignment throughout the
semester. The assignment is divided into intermediate working phases and is partially
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developed by students during the working hours in class and partially during at-home
working hours. Therefore, the objective of this approach is to constantly monitor and train
the different teams in the simulation of the professional activity of an actual design
department.

2. Reverse Metadesign: Redesigning the Fashion Design Process

Until the 2019-2020 academic year, the Metadesign studio was almost entirely held in
person. The in-person format included instrumental lectures taught by the faculty and
seminars with guest experts in the field to offer detailed and timely contents for specific
phases of the team assignment.

In line with the ever-increasing need to reshape the whole fashion education system through
the paradigms of digital transformation and, more in general, to innovate the design
education acquiring new pedagogical tools, already for the 2018-2019 academic year, the
theoretical lectures related to the Metadesign theory were transferred into an ad-hoc designed
Massive Online Open Course (MOOC), entitled “Introducing Metadesign.” The MOOC
provides fundamental definitions and references for the topic. It presents all the design
phases/processes and activities, teaching students to shift from a basic problem solving to a
problem setting and problem finding attitude to structure the pre-project research.

The proposed blended methodology introduced innovative teaching and learning approaches
that were expanded on the following course components. According to a reflection-in-action
path (Stewart & Colombi, 2015), a consistent number of hours of the in-person format were
allocated to in-class activities to favor learners' understanding towards a participative
approach and inductive exploration. In-class activities were meant to support teams in the
concept development of a Spring-Summer womenswear collection for a Ready-to-Wear
brand selected and assigned to each team by the faculty. For this purpose, the six months
long assignment was divided into three different phases (Bertola et al., 2017).

The first one, Scenario Design, was grounded in between observation and reflection on the
actual context. It dealt with a preliminary analysis of the assigned brand's values and stylistic
identity to abstract in-depth iconographic research into three different perceptual scenarios
(moodboards)—which define colors, shades, touches, and atmospheres—, and outlining the
ideal consumer and her lifestyle.

The second one, Product and Concept Design, concerned the synthesis of the brand's
distinctive stylistic into new and original design solutions thanks to the definition of the main
features of the collection, such as cuts, constructions, volumes, lengths, fittings, details, etc.

In this phase, key-outfits designs, fabric customizations, graphic motifs development,
embellishments experimentations were the core activities of the Metadesign studio required
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and developed by students. The third and last phase, Merchandise Planning, covered the
process of systematization, reflection, and abstraction on the outcomes of the previous steps,
activating the second loop of a deeper understanding of the experienced process.

This phase materialized the ideal structure of a collection organized into three main
occasions of use (work, leisure, special occasion) to complete an ideal wardrobe. The
merchandising plan was then achieved, starting from developing key ideas and key items
representing the three scenarios/lines defined in the first two phases. Students designed
alternative or complementary typologies of items, complemented by color-fabric options, to
offer a balanced mix of essential, fashionable, and carry-over items.

The learning process, structured as described above, adopted a methodological approach
based on inductive practices, which, starting from a direct experience of the design practice,
allow the student to reflect on the performed and then observed activities. This approach
aims to abstract practices, and therefore to codify methodologies, leading to the acquisition
of new knowledge. Due to the COVID-19 pandemic, the structure of the Metadesign studio
needed a significant redesign by moving from in-person to on-distance learning.

The previous efforts of transferring theoretical contents into a MOOC format were not
sufficient to guarantee a sustainable learning model for a design studio. The learning-by-
doing approach needs to be experienced to learn a design methodology.

Therefore, it was necessary to reverse the methodological process of the team assignment,
rethinking not only the structure and phases of the studio but completely redesigning the
contents learning path. The “Reverse Metadesign” format proposed for the 2020-2021
academic year is based on a deductive process based on the assumption that the analysis and
subsequent breakdown of a virtuous process already carried out would allow the students to
understand and codify the design processes and then to replicate them.

The initial project phase, Introducing the Brand, focused both on analyzing an assigned
RTW brand—aimed at investigating brand strategy, market position, and permanent stylistic
codes—and on the reading and decoding of a specific apparel collection.

Through a process of deductive reflection of the actual product, this phase had the main
objective of (i) recognizing the stories/lines of inspiration developed by the design team of
the brand, recognizing the main visual elements, and translating them into moodboards; (ii)
pinpointing the seasonal stylistic codes, such as colors, textures, shapes, finishes; and (iii)
finally identifying the Stock Keeping Units (SKUs) of collection, organizing them by
typologies.

The subsequent two phases of the project concerned the decoding of the brand identity and
the design strategies activated by the very brand. Firstly, students, also in this case organized
in teams, were asked to develop a critical analysis of the plan of the collection architecture
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(Reverse Merchandising phase) based on the brand identity, values, positioning, ideal
customer, etc. Secondly, they were asked to propose a product development strategy
(Product Design phase) to complement the collection coherently with the brand’s one.
Students had to use and redesign colors, fabrics, and embellishments consistently with the
brand identity, the product mix of the analyzed collection, and the lifestyles of the ideal
consumer.

3. Interaction and Engagement in Distance Learning

An essential part of the learning happens in allowing interaction and engagement intended
as “the amount of physical and psychological energy that the student devotes to the academic
experience” (Astin, 1984) among student-teacher, student-student, and student-content to
ensure a connected student experience (Moore 1989). While some studies have not found a
clear relationship between engagement and learning outcomes (Axelson & Flick, 2010: 42),
many researchers have argued that there are unequivocal links between engagement and
students’ learning and achievements (Kahn, 2014; Sinatra, Heddy, & Lombardi, 2015).

Engagement is much more important in on-distance, and online learning, where high
students drop out, could be critical. The intellectual interaction with contents should be
enhanced by student-teacher (e.g., stimulating, counseling, encouraging, coaching students)
and student-student engagement (e.g., allowing interaction between peers, in pair or group,
with or without the presence of the instructor).

Focusing on the iterative reciprocal interaction between cognitive, behavioral, and
environmental aspects, the social learning pedagogical model by Albert Bandura (1997)
emphasizes the importance of exploiting peer-to-peer learning to reach educational goals and
to grow independence and higher personalized learning experiences (Bowen et al., 2014).

4. Creativity Management in Distance Learning

As part of the innovation processes and activities, creativity derives both from intra-
individual components (e.g.task motivation, domain-relevant skills, and creative strategies)
and also from the social environment components (e.g., collaboration activities and the
communication pattern characteristics) (Amabile, 1996). With online education, digital
environments should support students’ creative design processes, particularly in the
conceptual phase of design, to boost knowledge gathering, sharing, and integration toward
the generation of creative ideas (Greene, 2002).

In this paper, we focus on digital environments enhancing social creativity related to social
interaction allowed by collaborative digital tools that support brainstorming processes (e.g.,
accessing information and pieces of knowledge and sharing experiences, ideas, resources, or
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responsibilities). In this regard, research states (Hulsheger et al., 2009) that creativity
increases when there is a higher level of communication among the team members to support
fruitful collaborative synchronous and asynchronous sessions for idea generation.
Furthermore, these digital spaces allow users/groups to exchange contents and share
materials via visual supports communication (e.g., mapping, images, diagrams) (Wang et al.
2010).

5. Virtual Learning Environments (VLEs) and Digital Tools

A combination of VLEs and digital tools supported the three levels of interaction and
engagement toward creativity in the course. Digital tools were organized to handle a subset
of learning management goals such as students’ participation, interaction, and creative
brainstorming to design digital fashion moodboards. For the sake of simplicity, we divided
the tools (e.g., course space repository, digital e-classrooms, and group e-rooms and
collaboration tools for student teamwork.) into distinct ones by presenting their affordances
and limitations as separated. However, we acknowledge that their use will be not linear but
mixed to help the digital learning experience positively.

5.1. Course space repository

Several VLEs allow lectures repository, archival, and fruition from students in remote digital
modality. They also enable course management and are helpful to handle the logistical
aspects of planning, scheduling, calendaring, and delivering content in a password-protected
web environment. Besides, they support the traditional and prescriptive unidirectional
communication between teacher and student through direct advisement, lecture, assignment
sharing, and evaluation feedback communication.

5.2. Digital E-classrooms and groups e-rooms

These digital learning environments allow remote connection and synchronous interaction
where both teaching and coaching can occur (teacher-student interaction) but student-
centered interactive discussions (e.g., Microsoft Teams, Zoom, Cisco Webex). In addition to
the plenary e-classroom, digital free spaces allow students to meet and work in groups
autonomously and collaboratively. In these two virtual environments, the facilitation and
management of effective communication among team members and faculty are ensured
through virtual meetings, instant messaging, screen sharing, and voice/video conferencing.

A speed dating exercise was organized to allow the students to present their ID charts sharing
personality traits (e.g., strengths and weaknesses), study and cultural interests, working
habits, and teamwork preferences. Students introduced themselves in a one-minute pitch in
front of their peers to show their expertise and build their team autonomously through those
virtual platforms.
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5.3. Collaboration tools for student teamwork

Collaboration tools aim to allow a collective space for students to co-create a shared and
meaningful body of knowledge, to interact for brainstorming, and to creatively co-design a
product/service/system (e.g., Miro, Mural, Conceptboard, Ziteboard, Stormboard). V

isual digital whiteboards are successfully used as project management tools to control the
workflow of activities, as ideation tools to map and visualize ideas in early creative stages,
and as co-design tools to allow groups to modify output and edit in real-time or
asynchronously and to facilitate consensus building.

They are also management tools for resources, allowing archive project files that all group
members can access. In place of online software for moodboards design (e.g., Pinterest,
Moodzeer, Adobe Spark, Canva, GoMoodboard, Niice), groups of students used Miro as a
white canvas to collaborate for brainstorming and visual storming toward the creation of the
moodboards for each thematic line of the fashion brand they were assigned.

This co-generative process of moodboard making allows students to reflect on fashion-
related thematic lines through the cultural, material, and chromatic aspects. They first reflect
on abstract values, adjectives, themes, cultural references, and symbols to build a shared
visual mental map of keywords. Later they choose iconographic materials (e.g., photographs,
patterns, materials, objects, colors, textures) to be preparatory for designing digital fashion
moodboards.

6. Conclusions

Although the Reverse Metadesign process succeeded from a formal point of view in
transferring the students the methodological processes behind the development of a clothing
collection, the on-distance learning certainly limited some aspects of knowledge better
explored in the traditional pedagogical model. First and foremost, the process of fabric and
its embellishment knowledge.

Despite the increasing application of digital technology in the haptic perception of fabrics,
the visual and tactile perception was completely missing. At the same time, it remains
fundamental to learning the matter potentiality in terms of comfort, functionality, and
expressive content. Secondly, on-distance learning has restricted the design participation of
students in the whole Metadesign studio activities, limiting the exchange between different
teams and inevitably reducing the interaction with the faculty in favor of virtual participation
that is not always fully integrated and stimulated.

However, as the comprehension of pre-project activities was successful, the new pedagogical
structure tested and here discussed represents a good starting point to build other didactic
experiences with three objectives: i) developing solutions to introduce a more direct
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experience of fabrics, not only through haptic technological solutions but also with basic
design exercises that stimulate perceptual understanding; ii) improving the structure of the
product Development Phase to accompany the students’ design activity better; iii) expanding
further interactive and flipped activities for a more dynamic learning environment.
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Abstract

With the aim of enhancing human capital by bringing out talents, this paper
offers a theoretical model for innovating teaching/learning methodological
approaches. The Humor Talent Resilience (HTR) Model for Well-Being in
Educating Community recognizes Humor as a pedagogical device that jointly
feeds both Talent and Resilience. This nourishment triggers a dynamic process
between Talent and Resilience of reciprocal and constant interdependence,
while developing a mutual positive contamination in continuous evolution.
This process is itself a “generator of Well-Being” but it will be able to fully
convey its educational effectiveness only if it is supported by an Educating
Community. While acknowledging the enhancement of all human potentials,
including the high or very high potentials, the pedagogy of Well-Being must
assume the educational responsibility of offering teaching/learning contexts
that allow all students to reach their highest level of development. Three open
reflections are presented: the concepts of justice and equity of educational
policies and practices aimed at respecting and enhancing all human
potentials; the virtual educating (or dis-educating) community; the need for
specific training for teachers and more opportunities for international
discussion in the field of gifted and talented education.
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The HTR Model for Well-Being in Educating Community

1. Introduction

According to the Goal 4 of 2030 Agenda for Sustainable Development (“Ensure inclusive
and equitable quality education and promote lifelong learning opportunities for all”) it is
necessary to offer equitable and inclusive educational opportunities to all individuals, both
children and young people in a “lack” situation (emotional, cognitive, linguistic, social,
economic) but also to those defined as “gifted and talented”, who have a greater potential for
development, different from the others, following atypical evolutionary trajectories, at times
decidedly deviant or dysfunctional. These characteristics often correspond to invisible,
unrecognized needs and rights. The shared European objectives are also those of promoting
employment and employability within the European Union and, in a context of economic
crisis, enhance the development of talents as reported in the Opinion of the European
Economic and Social Committee on “Unleashing the potential of children and young people
with high intellectual abilities in the European Union” (Official Journal of the European
Union 2013).

2. The HTR Model for Well-Being in Educating Community

With the aim of enhancing human capital by bringing out talents, this article offers a
theoretical model for innovating teaching/learning processes. The Humor Talent Resilience
(HTR) Model for Well-Being in the Educating Community presents Talent and Resilience in
their relationship with Humor. Humor constitutes an effective “pedagogical device” (Bateson
1969), understood as a theoretical and operational interpretative category (Foucault 1997)
which orients the pedagogical action for the education of human potential (Vygotskij 1987;
Montessori 2007). Talent and Resilience are described by highlighting their multifactorial
construct and their mutual influence (Cozolino 2008) which, within a systemic-ecological-
social context (Bateson 1972; Bronfenbrenner 1979) founded on freedom of choices,
contribute to generating Well-Being (Sen 1979) by promoting the values of justice and
equity, improving the quality of life (Nussbaum 2007).

The HTR Model for Well-Being in Educating Community represented in Figure 1,
recognizes Humor as a pedagogical device that jointly feeds both Talent and Resilience. This
nourishment triggers a dynamic process between Talent and Resilience, of reciprocal and
constant interdependence, of mutual positive contamination and in continuous evolution.
This process is itself a “generator of Well-Being” but it will be able to fully convey its
educational effectiveness only if it is supported by an Educating Community.
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Specifically, the present theoretical model describes the constitutive characteristics of the
pedagogical device of Humor and of the binomial Talent Resilience in their inter-poly-
transdisciplinary dimensions (Morin 1999), in their generative potential for Well-Being and
in their social connotations.

WELL BEING

Educating Community

TALENT HUMOR RESILIENCE

Educating Community

WELL BEING

Figure 1. The HTR Model for Well-Being in Educating Community

Humor performs various social and pedagogical functions. Authors Ziv and Gadish (1990)
investigated Humor among gifted adolescents and listed all the advantages that teachers can
benefit from by using Humor as a teaching tool: reducing the psychological distance between
teachers and students; creating a pleasant atmosphere in the classroom with the consequent
lowering of psychological tension and conflict; promoting concentration and learning;
strengthening the bonds of the group. By avoiding some expressions that offend and hurt
(sarcasm and excessively ridiculous behavior), the pedagogical value of the humorous device
in teaching/learning processes is easily understood due to its strategic function of enriching
human potential, especially of gifted and talented students.

Nowadays, the Talent is described in its quantitative and qualitative connotation as a social
product (cognitive, motor, psychological, anthropological), with some universal basic
characteristics (biological, neurological and physiological endowment) but highly dependent
on culture and experiential learning. In general, gifted and talented students show clearly
superior performances to those of their peers already at an early age of development
(Sternberg 2004) with strong asynchrony characterized by early and extensive language
development, a high ability in abstract reasoning and problem solving, good and sustained
attention span, broad interests and high levels of curiosity and intrinsic motivation to learn,
intense reactions to frustration, high sensitivity and empathy, frequent use of fantasy and
imagination and, in particular, a high sense of Humor.

Several studies (Pinderhughes, Zigler 1985) have confirmed that cognitive intelligence is
related to a “sense of Humor”. Thus, gifted and talented students have a high sense of Humor,
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understand and appreciate jokes and other more complex forms of humorous stimuli, are able
to make very advanced puns, witty ironic remarks and are able to use divergent thinking by
capturing humorous aspects in critical and uncomfortable situations. This ability to interpret
everyday experiences in a different way must be considered a resource, especially in the
educational field, in order to use Humor as a valuable tool for the development of intellectual
and creative potential. In this regard, Renzulli’s theory of the three rings (2011) confirms the
role of three central factors that foster talent: above-average cognitive abilities, creativity and
the motivational characteristics of personalities that support commitment. The context plays
an essential role in this theory as it is a background that supports, integrates and nourishes
any expression of human potential.

Furthermore, the “sense of Humor” was identified by Pourtois ef al. (2012) as one of the
psychosocial needs among the major indicators of a resilient attitude. In fact, irony is
primarily an attitude of the mind, a mode of consciousness, a highly evolved intellectual
behavior. While the lack of an openness to irony is a characteristic of many
psychopathological conditions as it denotes rigidity, lack of the versatility, restricted
mentality and the inability of the subject to grasp the facets of the meanings and distance
from itself, highlighting an excess of schematism and a propensity for dogmatism.

A concept of the psychology of emergency (Moran 2006) argues that it is not so much the
things themselves that make us feel bad, but the way we perceive them. Therefore Humor, in
its relationship with Resilience, offers itself as an effective resource for resizing the event
that occurred and reacting more appropriately, since it allows to give alternative meanings to
the stressful stimuli. In fact, the wittiest people are more able to enjoy the pleasant aspects of
life and feel a sense of less suffering in the face of adversity. Like Talent, Resilience is also
a complex construct, based on the interaction of biological, neurological, evolutionary,
environmental and cultural factors. According to Rutter (2006) Resilience can be defined as
a phenomenon manifested by subjects who carry out a good evolutionary path despite having
experienced various forms of trauma, discomfort or stress that could have entailed a serious
risk of negative consequences. In order to critically analyze Resilience in its educational
forms, it is important to acquire a deconstructive pedagogical sight (Mariani 2008), through
hermeneutic procedures of clarification, disambiguation, interpretation of that pedagogical
value which, if correctly exercised, can contribute to enriching educational contexts.

In this regard, some authors (Cyrulnik, Malaguti 2005) have identified family and social
protection factors (for example the possibility of having a “development tutor” with whom
to establish a supportive relationship, a rich social network, a adequate school environment)
which, by positively opposing to risk factors, play a decisive role in countering the negative
effects of traumatic or stressful events. Furthermore, they identified some individual
protection factors (for example, good intelligence, problem-solving-oriented coping, self-
esteem, empathy). Among these factors, a fundamental one is knowing how to appreciate and

88



Elena Falaschi

use the humorous approach in behavior, communication, relationships, situations. A good-
humor base leads resilient people to appreciate and produce Humor, for the pleasure and
Well-Being that it brings and for its power as a “social glue”.

The relationship between Humor and Well-Being is very complex (Dijkstra ef al. 2011) since
Humor is a multidimensional phenomenon consisting of different aspects, uses and functions.
Martin and his colleagues (2003) identified four styles of Humor. Two of these styles favor
psychosocial Well-Being (affiliative and self-sustaining Humor), while the other two are
dangerous and potentially deleterious (aggressive Humor and self-defeating Humor).
Individuals who use affiliative and self-sustaining Humor reflect a generally positive outlook
on life, a tendency to often be amused by life’s inconsistencies and to maintain a humorous
perspective even in spite of stress or adversity.

This type of Humor that generates Well-Being is expressed through the transmission “by
contagion” of actions, emotions, moods. Some authors (Cozolino 2008) have shown that
emotional states are transferred from one individual to another thanks to mirror neurons,
involved in the perceptions of the emotions of others. Happy people naturally tend to be the
center of their relational cluster, and this would confirm the role of evolution: since we are
social animals, we put those who can bring us Well-Being at the center of our network. The
conclusions are socially and pedagogically important, because they state that a key factor of
our happiness is the happiness of those around us. Neuroscience, through the images obtained
with new brain imaging techniques, has made it known that the structure of our brain makes
it sociable, inevitably subject to a deep brain-brain bond every time we come into contact
with another person. It follows that relationship’s shape not only experience, but also
biological functions, at the level of circuits and brain centers. It is clear that Well-Being arises
from the result of the integration between the biological, psychic and social systems.
Therefore, the pedagogy of talents (Falaschi 2019) invites us to focus on the Well-Being of
the subject, in its entirety and in its relational networks, involving all the different social
spheres in which it is inserted (Falaschi 2017).

Thus, the condition for the HTR Model for Well-Being to demonstrate its educational
effectiveness is that it can be operated within an Educating Community, understood as a
relational context that integrates and supports all the processes described by the Model. This
social condition is necessary because gifted and talented students often report feelings of
“high difference” arguing that the recognition of being gifted and talented interfered with full
social acceptance implying that this situation can represent a social handicap. Some
individuals have also stated that they hide or minimize their visibility as gifted students to
others. In line with the true meaning of education, in order to provide equitable educational
responses to diversity, it is necessary to provide all students with several and good
opportunities on a cognitive, emotional and social plane, so that they can reach the maximum
development of their potential.
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The great Polish sociologist Bauman (2000) explores our current need of community,
understood as an almost instinctual desire to recognize oneself and to belong to a community,
to compensate for the underlying insecurity that is the paradigm of the globalized world. He
argues that community membership is based on a mutually binding sentiment, the true and
real strength that allows the citizens of the community to remain united despite the many
factors of disintegration. Bauman recalls the concept of “hot circle” to identify the
community in a sort of confident immersion in a world made of compactness and human
solidarity, of pragmatic bonds of loyalty and fidelity that make “warm” the community circle.

In this direction and in the context of studies dedicated to situated learning and the
enhancement of communities of practice (Lave, Wenger 1998), the concept of “resilient
community” (Vanistendael, Lecomte 2000) can be interpreted as an educating and supporting
community (which is recognized in the sense of belonging to the community, in the sharing
of values and beliefs, in internal ties, in the construction of a collective identity, in social
support) that constitutes an indispensable protective factor since it activates all the creative
potentials and resources present in it. From an ecological perspective (Bronfenbrenner 1979),
the assessment of the social resilience of a community must maintain a multidimensional and
multi-professional approach (Milani, Tus 2010) and always place itself in different multi-
perspective disciplinary levels (pedagogy, psychology, sociology, medicine).

3. Conclusions and discussion: three open reflections

The arguments presented to describe the HTR Model for Well-Being start from the
assumption that a high sense of Humor is a “nourishing” characteristic of both Talent and
Resilience and those are based on the demonstration that this combination is a “generator of
Well-Being” that feeds itself. There are many contexts (and people) that represent the
application of the HTR Model for Well-Being. Some examples: in the work (the charismatic
founder of Apple, Steve Jobs), in the disability (the mathematician, physicist and
cosmologist, Stephen Hawkins), in the children’s literature (the swedish girl, Pippi
Léngstrump), in the animated films (the family members in The Incredibles - A “normal”
family of superheroes). Humor (curiosity, optimism, smile) and Resilience (tenacity,
flexibility, risk-taking) characterized these gifted and talented people, who have been able to
express their high potential thanks to a state of Well-Being generated within their Educating
Community. In compliance with the enhancement of all human potentials, the HTR Model
for Well-Being suggests that teachers take the educational responsibility to offer
teaching/learning contexts, understood as Educating Community within which the
“humorous device” allows gifted and talented students to achieve their highest level of
development.
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However, three open questions remain. The first concerns the educational justice, the concept
of equity of educational policies and practices aimed at respecting and enhancing all human
potential, especially gifted and talented students’one. It is necessary to overcome a distorted
conception of the term “equality” since it is not synonymous with “equity”: the term equality
(or inequality) simply describes a quantitative comparison, while the term equity (or inequity)
refers to moral issues, the presence or absence of justice (Nussbaum 2007). Gifted and
talented are generally denied educational justice if they fail to receive an education that
adequately challenges them (Merry 2008). The core of the second reflection is addressed to
the virtual educating (or dis-educating) community. An interesting research (Freeman 2016)
examines the positive and negative implications, highlighting some possible effects of
electronic social media on the intelligence and emotional development of gifted and talented.
In particular, it emerges that social media have positive effects on the defense of talent, on
the teaching/learning opportunities for exploration and research, but, at the same time, they
imply the risk of encouraging superficial thinking and influencing negatively the personal
relationships. Finally, the third reflection underlines the need for specific training for teachers
and more opportunities for international discussion in the field of gifted and talented
education. The question of “who should teach the gifted and talented” is still at the center of
the pedagogical debate. Various studies (David 2011) investigate students’ preferences for
teachers behaviors. The qualities of teachers appreciated and considered effective by gifted
students certainly refer to cognitive and intellectual traits (ability to successfully plan and
implement differentiated lessons, apply critical thinking to problem solving) but pose much
more importance to personal and social attributes (passionately loving teaching, being an
interesting, enthusiastic, self-confident, friendly person, having a sense of humor).
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Abstract

Pathophysiology at NOVA Medical School adopted the concept mapping
methodology to promote the visual display of pathophysiological reasoning
and learning, based on clinical vignettes. The objective of this project is to
identify and label the linking words, in order to study their role in the structure
and organization of the concept maps constructed by the students. We used an
adopted classification of linking words, categorized in 5 groups: dynamic,
static, illustrative, definition and clinical case information. At the end of the
semester the concept maps related to the respiratory (mid-semester) and
endocrine systems (end of semester) were analyzed and compared. We found
linking words not included in any of the five categories, thus a group named
“other” has been created. Statistically significant differences were found in
dynamic and “other” categories (p=0,049 and p=0,011, respectively,
Wilcoxon signed-rank test). The dynamic words were the most commonly used,
probably reflecting students’ need to better describe pathophysiological
mechanisms, and the difference found was probably due an improvement in
the learning process and concept maps building technic. It would be
interesting next year to conduct a more detailed analysis, increasing the
sample and ensuring a more robust dataset.
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1. Introduction

Pathophysiology teaching at NOVA Medical School (NMS) adopted the concept mapping
methodology in 2002 (Rendas et al, 2006), to be used during the tutorial sessions, in order to
promote the visual display of pathophysiological reasoning and learning, based on clinical
vignettes. A concept map (CM) consists of nodes (conceptual words/phrases), connected by
linking lines which are unidirectional arrows, with a linking word/phrase describing the
semantic relationship between the nodes (Novak & Caiias, 2008). The use of linking words
is one of the most important features of creating a concept map, since whatever linking words
the student uses will change the relationship between the concepts and therefore the meaning
portrayed on the map (Daley et al, 2016). In our case, the purpose is that these semantic
relationships aim to reflect the understanding of mechanisms of disease, the pathophysiology,
and their scientific fundamentals.

The objective of this project is to identify, and label, the linking words/phrases in order to
study their role in the structure and organization of the CM. This approach was used for the
first time in our curricula and started with developing a classification of the words/phrases in
five groups, as will be described below, and analyzing their distribution and coherence in the
maps.

This preliminary approach is part of our larger project aiming to develop a score methodology
to assess concept maps in medical education, presented last year at HEAd’20 (Fonseca et al,
2020), wich did not address specifically the role of the linking words. In this context, we
considered the use of appropriate linking words as an important scaffold to the display of the
learning process and this facet was not considered in our initial classification. To reach this
goal we opted to standardize the linking words and adopted the classification proposed by
O’Donnell (O’Donnell et al, 2002), based on the main categories used by McCagg and
Dansereau (McCagg & Dansereau, 1991). Furthermore, we added three new groups because
of the context of medical education using clinical vignettes: illustrative/examples, definitions
and clinical case information. This approach reflects our progressive awareness of the
importance of using standardized steps inserted in the original methodology of concept
mapping as proposed by Novak (Novak & Caiias, 2008) and Daley (Daley et al, 2016).

The purpose of this project is to analyze how linking word/phrases are applied during the
construction of concept maps in the specific context of pathophysiology teaching and
learning at NMS.

96



2. Material and Methods

2.1. General Information

Marta Fonseca et al.

The pathophysiology tutorial sessions are based on an organ/body system approach, covering

five systems: digestion, respiration, circulation, renal and body fluids and endocrine (Fonseca
et al, 2020), and lasts one semester of the second year of the curriculum. For each system,

students received a clinical vignette (patient case) and eight mini-maps were constructed
based on eight core concepts leading to the creation of a final CM (Figure 1). This report only

addresses the analysis of two of the final CMs.

In the 2020-2021 academic year, the class was composed of 233 newly enrolled students,

divided into 18 tutorial groups. Each tutorial group was attributed to one of the 14
pathophysiology tutors.
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Figure 1. Organization of the pathophysiology tutorial sessions based on an organ/body system approach. For
each system, students were asked to construct eight mini-maps, based on the identified core concepts, and a final
concept map reflecting the clinical vignette. In this project we considered the respiratory and endocrine final

concept maps. Source: the authors.
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2.2. Concept maps’ linking words in the 2020-2021 academic year

In the beginning of the current academic year, students were instructed to use a standardized
group of linking words in the construction of their concept maps as stated in the introduction.

Our classification of the linking words (Table 1) was adopted from the work of O’Donnell
(O’Donnell et al, 2002) as:

(i) dynamic: a link word/phrase, that represents a causal, a temporal, a quantified changing
relation between nodes;

(ii) static, a link word/phrase, that represents a complementary or supplementary or clarifying
relation between nodes with no direct cause-effect;

(iii) illustrative, a link word/phrase, that represents a single label connecting nodes;

(iv) definition, a link word/phrase, represents a consensual label, based on scientific
knowledge connecting nodes;

(V) clinical case information, a word/phrase, that represents the information, displayed in the
map which is provided in the clinical vignette.

Table 1. Classification and list of concept maps’ linking words within each group.

Linking Words
. . . .. Vignette
Dynamic Static Hlustrative Definitions | vrgnetx
information
by ::lzre]: of unhibits typifies
. leads to includes
compromises . .
. promotes characterizes analogies
constrains . . . ..
. results in charecterized namely . in the clinical
culminates is defined as
. sequences by example case
determines . .
p stimulates manifests dor example
avors .
though itself
follow triggers resent
infuences &8 P

At the end of the curricular unit, junior students from the third year of NMS, who had acted
as mentors to assist the pathophysiology students in the construction of the maps, analyzed
the final respiratory (mid-semester) and endocrine system CM (end of semester), by
quantifying the linking words based on the above-mentioned classification. Their analysis
was supervised by a senior student (final year), with a significant experience in scoring
concept maps.

The prerequisites were as follows: only final CMs were analyzed, and students, juniors and
senior, did not analyze the CMs they helped to construct.
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2.3. Statistical analysis

An exploratory analysis of the linking words was carried out. The Wilcoxon signed-rank test
was used to compare the number of linking words between final respiratory and endocrine
system CMs constructed during the tutorial sessions, in each class. The level of significance
considered was a = 0.05. Data analysis was performed using STATA (StataCorp LP, Stata
Statistical Software: Release 15; Texas, U.S.A.).

2.4. Pedagogical Council

These activities were approved by the Pedagogical Council of NMS, which is the board
legally responsible for regulating all of the academic procedures. It also includes
representatives of medical students.

3. Results

From the eighteen classes in the course, seventeen final CMs per body system were analyzed
(one CM from a tutorial group was missed). Of these seventeen CMs per system, eight final
respiratory and eight final endocrine systems CMs, belonging to the same tutorial groups,
were analyzed. Table 2 presents the number of linking words found on each of the CMs,
grouped into the five pre-specified categories (Table 1). In some CMs we found linking
words that could not be included in any of the 5 categories, thus a group “other” has been
created which should always be lower than the sum of the words from the five categories.
Statistically significant differences were found in dynamic words and other categories
(p=0,049 and p= 0,011, respectively; Wilcoxon signed-rank test).

The most commonly used words in both respiratory and endocrine system’s CMs were
dynamic words, with a median number of 60.5 (47.5; 79) and 77 (60; 94) words per CM,
respectively. These were followed by static words (median 16 (12.5; 24.5) and 20 (10; 45)),
illustrative words (median 6 (2; 8.5) and 4 (2.5; 12)) and definitions (median 2.5 (0.5; 6) and
2.5(1;6.5)).

4. Discussion and Conclusions

This work reflects the first analysis of our group performed on the CM’s linking words. At
the beginning of the semester, instructions were given to tutors and students with the list of
linking words to use, as detailed in the body of this article. We found that, despite this
preparation, a significant number of different words were used in all the CMs analyzed. This
finding points to the need to further improve the initial list, reduce the heterogeneity of results
between the tutors, and also to the potential benefit of dedicating more time in addressing the
use of right terminology during the tutorial classes in the future academic years. This other
category encompassed all the words that were not included in the pre-specified categories. It
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is noteworthy that its use decreased from the respiratory to the endocrine system, which may
reflect the impact of students' learning process translated in to a more careful and appropriate
use of these words in the CMs.

Table 2. Number of linking words in the respiratory and endocrine final concept maps (per

category).
s 3 : e : £ . R z B
2 - 2 R i = £ S £ 5=
ST : EF F T< ° g
a 7 =
1 46 27 0 0 0 73 11 84
2 58 13 1 36 108 37 145
. 3 49 12 6 16 30 113 60 173
2 4 44 22 10 5 16 97 12 109
g 5 84 14 4 3 0 105 80 185
g 6 63 9 6 7 18 103 37 140
% 7 74 42 12 0 0 128 22 150
~ 8 89 18 7 2 116 81 197
Total 507 157 45 34 100 843 340 1183
1 78 44 2 8 12 144 2 146
2 52 11 1 1 3 68 32 100
3 98 20 13 15 18 164 34 198
§ 4 54 20 18 5 35 132 7 139
A 5 155 46 11 2 0 214 73 287
£ 6 66 9 5 1 26 107 17 124
< 7 76 47 1 0 127 15 142
- 8 90 7 3 12 115 74 189
Total 669 204 56 36 106 1071 254 1325

p value! 0.049 0.361 0.528 0.943 0.618 0.049 0.011 0.652

'p value from the Wilcoxon signed-rank test (STATA 15).
* corresponds to the total sum of the dynamic, static, illustrative, definitions, vignette information and other
linking words.

The selection of the eight final CMs per body system was made to avoid sample heterogeneity
since, in the non-selected maps, the number of words in the other category exceeded the sum
of the words used across the 5 pre-specified categories. This, once again, may reflect the need
for further training of tutors to reduce their own heterogenous use of linking words, and for
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increased attention to the correct use of pre-specified categories’ words at the beginning of
the curricular unit and during the whole semester.

Although the sample used was small, it was interesting to see that most of the words used are
dynamic, and that their use has numerically increased (p = 0.049) from the respiratory map
to the endocrine map (43% of the total overall in the respiratory and 51% in the endocrine).
This fact may reflect students’ need to use more of these words to better describe
pathophysiological mechanisms, improving over the course of the semester due to the
learning process for content and CM’s building technic. The fact that these CMs are based
on different pathologies (COPD and hypopituitarism, Figure 1), may also contribute for this
difference. A numerical difference in the number of linking words used in both pathologies’
CMs has been observed, althout it was not statistically significant (respiratory total = 1183,
endocrine total = 1325; p = 0.652).

The difference found in the group other was statistically significant (p = 0.011), with a
decrease in the use of these linking words from the respiratory to the endocrine system from
29% to 19%, respectively. This data may reflect more precision in its use, and a preference
to use words from the pre-specified categories. Nevertheless, no detailed analysis was
performed regarding the labelling of these other words according to our proposed
classification. The linking words included in statics, illustrations, definitions and vignette
categories were the least used and there were no significant differences in their use. Although
less used, these words still were considered as being a structural part of the CM. Although
there seems to be some preference in the use of dynamic words, all word’s categories must
be present in an CM. Their number and proportion still need to be further studied and
evaluated in order to also be used as a potential parameter for a future scoring of CMs, a topic
that our group has been actively working on.

It would be interesting next year, following more investment in training of tutors and students
regarding the use of linking words, to conduct a more detailed analysis of all the CMs
constructed by the students, increasing the sample and ensuring a more robust dataset.
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Abstract
The aim of this document is to present a new teaching model in higher
education focus on the student. The model develops an iterative and
incremental learning system based on the fundamentals of agility and the
organization of agile work, improving learning performance and the benefit of
students.

This model develops a system based on the Scrum methodology that allows
continuous deliveries of value from the student to the teacher, adapted to the
learning goals of the educational programs, approaching a cultural,
organizational and structural change through the application of methods,
Agile practices and dynamics within a framework that encourages innovation
and continuous improvement of students.
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1. Introduction and Background

The digital transformation and the increasing complexity of today's environments demand
greater flexibility from all organizations that will adapt to an uncertain and increasingly
volatile future. The relative effectiveness of current educational management and the demand
for new competences for both students and teachers are the engine that must serve as the
impetus for the transformation of teaching (Lembo and Vacca, 2012).

The University, due to its researcher character, is a source of novelty and, applying the basis
of Agility to education implies formulating a new teaching model which puts the student in
the center of the learning process, being quality the main axis thereof, from the beginning to
the end of the training.

The objective of the model is a more efficient and effective learning, thus the design of the
subjects by the teaching staff has been defined based on the organization of the Scrum work,
so that the students develop teamwork skills, the motivation to learn and achieve better
academic results (Lopez-Alcarria et al., 2019).

The change means transforming the teacher-focused, individualistic and hierarchical
education model through the master class, into a system with a more horizontal structure that
allows continuous value delivery in an iterative and incremental way and in which teachers
and students form a committed and cohesive team that shares common goals and values
(Cathcart, et al., 2014). The team, following the Scrum'’s style, become a project manager in
which the objective of the final product is the learning of the students.

The theoretical foundations of the teaching-learning model take as reference the works of
Salza et al., (2019), Stewart et al., (2009); Krehbiel et al., (2017) regarding the application
of agile principles related to teamwork, transparency and communication, generating a
change in the way that students acquire knowledge. In this way, a new work model is
generated in which teachers actively collaborate with students sharing their knowledge, so
that they develop certain valuable deliverables that reflect their learning in continuous cycles.

One of the supports of the model is the management of people as a source of agility. It is
important to empower and involve students in their learning process to generate a motivating
environment that encourages commitment, responsibility, collaboration and confidence, and
that reveals the curiosity and creativity that will lead to improved results in the subjects.

The course is developed through a collaborative and cohesive team of students and teachers
in a Scrum style, which can become a project manager and in which the objective of the final
product is student learning. Student teams are structured and empowered so that they can
self-manage their own work. They plan and determine their own activities and track progress.
The teacher acquires a role of facilitator determining the assignments of activities, training
and advising so that the students can achieve the objectives and overcome the subject.
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Inspection, adaptation and transparency are key tools to achieve continuous improvement.
Inspection manifests itself in mechanisms to examine the work that students are doing and
especially how they are doing it. And adaptation is what will allow the student team to make
decisions and take actions that improve results. There must be a clear communication that
ensures that all the changes that are made are transparent, visible, understandable by the team
and useful, in such a way that the quality of the results increases.

An incremental approach makes the students' knowledge build from its foundations,
progressively, and in detail. The iterative approach means that in the short cycles the students
deliver activities or completed tasks, to which already acquired knowledge is added.

2. Model Design and Methodology

To implement the model in the classrooms, a Scrum-based model is applied that allows
adaptability, flexibility and innovation in any subject, it is even adaptable to adverse
situations that require drastic changes in the way the subject is taught. This model is
especially important not only in current situations such as pandemic, but in all situations that
imply changes in methodologies, forms and tools of work.

The teaching model based on Scrum was implemented in the subjects of Project Management
of the degrees in Science, Management and Service Engineering: Business Administration in
the Digital Environment as well as in the degree of Architecture of the Rey Juan Carlos
University.

The application of the model requires the definition of different roles, being the main ones:

e The Developers are teams of students who must create a plan for the Sprint. This
will be developed through practices or tasks that the teacher can establish or leave
to the free choice of the teams so that they can adapt their plan orienting it to the
objective of the Sprint in a creative way. Student teams are self-managing, that is,
they decide internally who does what, when and how. They are responsible for
creating a valuable and useful Increment in each Sprint.

e The Scrum Master as teacher is responsible for establishing Scrum by helping
students understand the theory and practice of both Scrum and the contents of the
subject. The method used was the recording of training pills of the contents of the
syllabus and associated deliverables according to the requirements in terms of skills
and competencies to be acquired. The teacher should help student teams to focus on
creating high-value Increments that meet the definition of Done (that is, the team
deliverable demonstrates that knowledge has actually been acquired). The teacher
must eliminate the impediments to the progress of the students, guiding and training
the students, solving doubts and clearly explaining the objectives so that the students
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understand how far they have to go to achieve a Finished Increment. For this, weekly
remote work sessions were carried out through Blackboard Colaborate and Mural
with the developers

On the other hand, the events are presented. The main ones are:
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The Sprint, of fixed duration and established by the teacher, determined by the
teaching time for each of the lessons. In them the student teams develop certain tasks
that comply the Sprint Objective. If Sprints are short, more learning cycles are
generated, and the risk of misguided effort is limited to a shorter period of time.
Each Sprint is considered a short project that teams have to carry out in collaboration
with the teacher. In each of the sprints, a deliverable is finished that allows to place
value on new skills and competences regarding the previous sprint.

The Sprint Planning establishes the work to be done in the Sprint, and is created by
the Developers. The teacher explains to the students how the activities or
deliverables that finish in the Sprint have to be worthwhile and useful to the Sprint
learning goal. Developers plan the work required to create an Increment that meets
the Definition of Done. How to do it is at the sole discretion of the student teams.
No one else tells them how to convert Product Backlog items into Value Increments,
as the teacher is only there to guide. In the sprint planning the develpers will add
their own user stories to those of the teacher and stakeholders in order to create the
increment. In addition, the teams are given the planning poket cards and they are
instructed in the use and analysis of the progress graphs.

The Daily Scrum is a short meeting that is held between student teams to inspect
progress toward the Sprint Goal and adapt the Sprint Backlog as needed. The Scrum
Master can attend at any of these meetings if is actively working with student teams
or have doubts about the Sprint Goal.

The Sprint Review has the purpose of inspecting or evaluating the result of the
Sprint. The student team present the results of their work to the teacher and the
progress towards the final goal of the subject is discussed. What has been achieved
by the students is reviewed and together with the teacher it is determined what to do
or how to move forward next. During the implementation in the classroom, the
teacher has met with all the teams in each of the sprint reviews.

In the Sprint Retrospective the student team inspects how their last Sprint was with
respect to people, interactions, processes, tools, and their Definition of Done. The
assumptions that led them astray are identified and their origins explored.
Developers must identify the most useful changes to improve their efficiency toward
achieving the next Sprint Goal. Templates were provided to the teams to guide the
process and structure continuous improvement in the process to instruct the effective
use of retrospectives.
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Moreover, the model describes some Scrum artifacts such as:

e The Product Backlog, where student teams must acquire, develop and demonstrate
specific iterative knowledge, which at the end of the course will make up in a single
document that will contain all the learnings from each Sprint. In this way the Product
Backlog is an arranged list of what students need to learn to complete the course.
The product backlog at least is defined by the set of competencies and skills
necessary to pass the subject defined in the official memory of the degree.

e The Sprint Backlog is formed by the Sprint Objective (why) communicated by the
teacher, the Product Backlog elements selected for the Sprint (what) also established
by the teacher, and an action plan to deliver, the Increment (how) which is developed
by student teams.

e The Increment is a concrete advance towards the total learning that students must
have gained at the end of the subject. Each Increment is added to the previous
deliverable as continuous evaluation. In this way, little by little, the final project that
will demonstrate what the student teams have learned is built.

3. Result and Conclusions

3.1. Result

To measure the effect of the implementation of the teaching model based on Scrum, we have
proceeded to analyze both the results in terms of qualifications and the evaluation rubrics of
the teaching staff. First, we address student outcomes. An analysis of the qualifications
indicates better results of the students in learning in terms of qualification since in the
academic year 2020/2021 in a pandemic situation and with the methodological change, no
students abandoned the course or failed compared to the 2019/2020 academic year in which
0.08% abandoned and 0.04% suspended. On the other hand, regarding those who obtained
“Pass” and “Good” marks, while in the academic year 2019/2020 were 43.47% and 43.47%
respectively, in the 2020/2021 only 19.63% passed the subject, being an 84.37% those who
obtained a qualification of “Good”.

Second, we undertake a comparative analysis of the students' responses to the teachers'
evaluations in the last two years for the subjects being implemented. It is necessary to indicate
that the evaluation of the students is from 0 to 5 points for each of the items surveyed.
Specifically, regarding the evaluation of the students according to the rubics of the evaluation
of the University teaching staff in the last two and that are shown in table 1, it is necessary
to state that the professor 1 teaches in online degrees and the professor 2 in in-site degrees,
being all the subjects of the first semester. The current pandemic situation and the lockdowns
in Spain began in March, so the teaching of the year 2019/2020 was developed according to
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the original modality and the teaching in the academic year 2020/2021 for the classroom
subjects were developed in a model hybrid (on-site/online).

Table 1. Student Assessment.

Professor 1 Professor 2 A

Academic Course 20121 1920 2021 19/20 Medio

Planning and Organizing the subject
Know the syllabus, competencies and skills 4.4 3,4 49 3,5 1,2
Reporting evaluation criteria 4,1 32 4,9 3,7 1,05

Compliance with formal obligations

Communication and tutorship 42 3,4 49 42 1,5
Teacher availability 43 3,2 4.8 42 0,85
Adjust teaching activities to specific goals, 4,3 33 4,8 3,8 1,0
content and methodologies

Adjusted assessment 4,3 33 4,9 3,8 1,05

Teaching methodology

Clears up doubts adequately about the proposed 42 3,1 47 42 0,8
activities

Use material that makes learning easier 4 32 4,9 4,2 0,75
The development of the subject allows a proper 4,1 2,9 4,9 3,8 1,15

follow-up and learning

OVERALL RATING 42 3,1 4,8 4,0 0,95

Source: own elaboration

The results of the comparative analysis indicate an incremental improvement in all the items
around one point, being in the case of the in-site modality (reflected in teacher 2) even greater.
These results not only indicate the adequacy of the methodology to student learning, but also
value its implementation in the current pandemic situation. The methodological change
developed by innovation of the teaching team also allows us to affirm that the change in the
teaching approach for an adaptation of the teaching has had greater effects in the in-site
modality than in the online modality.

3.2. Conclusions

In conclusion, we can establish that once the model is implemented in the educational service,
students get involved in real projects that provide them new social, professional and personal
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skills. In this way, student teams practice active listening, respect, sincerity, analytical,
critical and communication skills. Orienting teams of students to a specific goal through a
quality final project, activates their motivation to learn and move forward with the syllabus
in order to apply the knowledges in each Sprint developing high-value Increments. Besides
to acquiring learnings in a dynamic and practical way, they do it more quickly and efficiently,
therefore, the academic results are better.

In a nutshell, the teaching model based on business agility for the development of products
and services is applicable to the educational context, enabling the necessary change and
transformation driven by the current era of pandemic in which we have had to reinvent
teaching to new contexts and collaborative and remote work methodologies.

The results obtained allow us to conclude that the application of Scrum in the non-software
educational field is adequate, substantially increasing the learning results of the students and
the assessment of teaching both online and in-site, but having a greater effect in the case of
adapting teaching to the hybrid model in a pandemic situation.
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Abstract

The aim of this paper is to investigate the development of autonomy in learning
Italian as a second language (L2).

The analysis is based on the experience of the language advisor of the “Centro
per l'Autoapprendimento” (CAP) of the Universita Cattolica del Sacro Cuore
(Milan) with sixteen foreign students.

In the introduction, the usefulness of university self-access centres (SAC) is
briefly introduced, and the CAP is presented. The second part of the article
concerns one of the case studies on sixteen foreign university students who
participated in a didactic project on the development of the oral production
skill that introduced them to the CAP, the language advisor, and the concept
of autonomy in learning Italian.

The project ended with a final self-assessment questionnaire that allowed the
learners to understand their strengths and weaknesses, and enabled the
language advisor to verify the effectiveness of the activity.
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1. Introduction

Autonomy in language learning is a widely studied concept and today represents one of the
most discussed topics regarding new teaching methodologies (Benson, 2006). There is a
growing trend that aims to promote the development of autonomy in school and university
language courses (Hobbs & Dofs, 2017); this trend is evident from the fact that the learning
to learn competence is one of the eight key competences of the European Reference
Framework of Key Competences for Lifelong Learningl. Consequently, many universities,
in Italy and abroad have already set up self-access centres (SAC) to promote autonomy in
language study programmes2, and others are in the process of doing so (Choi, 2017). In the
SACs, not only students can learn the most appropriate strategies to acquire or improve their
language skills, but they can also take advantage of support activities for language courses,
which consider the needs, rhythms and times of each student. It could be said that SACs have
the function of integrating language learning with autonomous learning, allowing those who
use them to improve both language and autonomy skills, providing adequate resources and
ensuring the necessary support for learning (Reinders & Lazaro, 2007).

In the Italian context, among the potential users of university SACs there is a growing number
of international students, to whom the attention of this paper is directed. As is common
knowledge, there are more and more students involved in international mobility programmes,
for example foreign students enrolled in undergraduate and master’s degree courses or
doctoral schools, or foreign students enrolled in double degree courses or participants in
projects such as Marco Polo or Erasmus. This article deals with a case study carried out at
the SAC of the Universita Cattolica del Sacro Cuore (Milan), the Centro per
I’Autoapprendimento (CAP), which involved sixteen foreign students.

The premise from which to start is that the development of autonomy in learning is useful for
the growth of the person and for the development of multilingual competence, and this
presupposes a high degree of maturity, awareness and responsibility in students—qualities
that the University has to promote as an educational institution.

In this article, which is actually part of a broader study, a didactic project is described which
involved an introductory path for the development of autonomy in learning Italian. In
particular, the above-mentioned sixteen foreign students were offered an activity consisting
of a cycle of meetings with the language advisor of Italian for foreigners of the CAP, aimed
at preparing an oral presentation in Italian on a topic inherent to their specific academic

"For more information about the Eight Competences visit:  https:/eur-lex.europa.eu/legal-
content/EN/TXT/?uri=uriserv:0J.C_.2018.189.01.0001.01 . ENG&toc=0J:C:2018:189:TOC  (Last  accessed:
21/02/2021).

’For further information and ongoing projects about university SACs visit: ALMS — Autonomous Language
Learning Modules at the University of Helsinki (Last accessed: 11/05/2021).
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training. With this activity, the advisor aimed to introduce international learners to the CAP
and encourage autonomous learning and, at the same time, to promote the development of
their oral production skills in Italian. The activity proposed to non-Italian-speaking learners
is commented on through the analysis of the data collected through self-assessment
questionnaires.

The final reflection includes a comment on the effectiveness of the project carried out, the
effective role that the CAP has for international users, the results produced by the activities
conceived by the language advisor and how it can still be improved in order to propose good
practices useful for the development of autonomy in learning Italian as L2 in a university
context.

2. Methodology

The methodology used in this research paper is the case study. In fact, it started with the
observation of international learners of Italian L2 at the CAP, during the first semester of the
academic year 2018/19, with the collection of data through questionnaires. In total, sixteen
learners were involved, none of whom had any previous experience in the field of autonomy
in language learning, and the language used was exclusively Italian. These were students
attending two master’s degree courses (Master in International Marketing Management and
Master in Luxury goods Management) with extremely heterogeneous levels of knowledge of
the Italian language (from Al to B2 of the Common European Framework of Reference for
Languages — CEFR). The master’s degree courses are taught exclusively in English and,
consequently, international students never have the opportunity to interact in Italian during
the lessons. The only opportunity these students have to practice the Italian language at the
University is provided by the Italian course’.

The objective of this study was therefore on the one hand to promote the development of
autonomy in learning Italian L2 by encouraging the students to attend the CAP, stimulating
them to linguistic and metacognitive reflection, and on the other hand to help the students to
be able to express themselves in Italian without fear of being judged.

We tried to find answers to the following questions:
1. How can international students approach the development of autonomy in language
learning?
2. Can a path that provides the gradual approach of students to language advising be
effective?

3All the students attended an Italian course with a teacher who proved to be very willing to contribute to the success
of the didactic project described in this article.
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3. What are the major difficulties that an international learner can identify in exercising
his oral skills?
In order to try to answer these questions, the language advisor organized some meetings at
the CAP in which, with her support, the learners participated and prepared an oral
presentation in Italian to be presented to their classmates and the Italian teacher at the end of
the learning stage.

We used one tool to evaluate the work done. It was a self-assessment form prepared by the
language advisor so that the students’ opinions about their presentations would be as
objective as possible. It was decided to record the students’ presentations and thus give them
the opportunity to listen to themselves again and to self-evaluate: the purpose was to enable
the students to reflect on their mistakes in order to stimulate the critical spirit and awareness
of the level of preparation achieved, consequently encouraging also the development of
autonomy. Needless to say, the self-assessment phase is absolutely essential for the ultimate
pedagogical purpose that is autonomy in learning. The self-assessment form contained eleven
sentences (for example: [ presented exactly the contents I had prepared; The grammatical
structures were correct,; The vocabulary was rich and appropriate; I am satisfied with my
explanation in all respects) to be evaluated on a scale that went from “not at all” to “a lot”.
It also allowed a reflection on the activity (Did I like the activity? What kind of criticalities
did I encounter?), on the language learning path (Was the activity useful for learning the
Italian language? In which aspects of the language have I improved? And in which aspects
would 1 still like to improve?) and on the relationship with the language advisor (Do 1
consider the activity carried out with the language advisor useful?). The questionnaires were
useful tools for evaluating the work carried out, and thanks to them it was possible to identify
the strengths of the didactic project, define the task of the language advisor and highlight the
critical issues and the greatest and most frequent difficulties encountered by the users, and
suggest some ways to resolve them.

3. Data collection and analysis

The topics chosen by the students for the Italian presentations varied according to the fields
of study and the level of knowledge of the language. Clearly, for students whose level was
very low (A1-A2 of the CEFR), an easy topic was chosen, in agreement with the language
advisor.

A very important aspect is that the activity was optional, not mandatory. Having established
the themes and dates of the language advice sessions at the CAP, we specified that these were
not mandatory either.

During the first session, the CAP was presented with its materials and digital resources; the
didactic project was explained again, and examples of sources considered “authoritative” and
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valid to be used for research at university level were shown. In addition to the presentation
of the sources, a reflection was started on the linguistic weaknesses of each learner. From the
first session, all the students managed to prepare a presentation schedule, despite the
difficulties (“it is difficult, but it is useful ”y—which were certainly due to the fact that they
were not used to speaking in Italian. Some students found the activity “moderately difficult”,
some for the terminology, others for the oral interaction: “Medium difficulty. The complexity
is finding the right words in Italian”.

As we have already mentioned, the didactic project was designed precisely to stimulate
learners not only to use the CAP materials and to discover the development of autonomy in
learning, but also to allow students to practice their oral skills. The fact that many had
reported great difficulty in expressing themselves in Italian (at least initially) led the advisor
to reflect and, above all, prompted further dialogue with the students and among the students
themselves to help them find solutions.

During the following advising session, the learners searched for videos in Italian on the
chosen topic, to give them greater confidence with the subject and to learn new terms in
Italian. Finally, during the last session, the students were asked to work in pairs to repeat their
own presentations and listen to those of their classmates with the aim of developing both
comprehension and speaking skills. The comparison activity between students seems to have
been useful:

“It was difficult, but it is a useful activity because I learned lot of Italian words and I met
new people”.

“It is a bit difficult, but I found the whole project very useful. There are many useful materials
for my study. It was useful to talk about the project with Emma because now I am less afraid
of making mistakes”.

The goal was to reassure students about the work done and to encourage them with regard to
the presentation. On the day of the presentation, only 13 out of 16 students wanted to present
their work to the class, although all of them had attended the advising sessions at the CAP.
The presentations were recorded, and the students were asked to listen to themselves so that
they could assess their own presentations.

Table 1 shows the data relating to student self-assessments. The main problem is related to
nervousness: only 14% of the students felt “quite” or “very” relaxed during the presentation.
Another issue to be noted concerns the correctness of grammatical structures: only 15% of
students declared they were “very” satisfied after listening to their own recording.
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Table 1. Students’ self-assessments

NO NOT

ITE ERY
ANSWER AT ALL LITTLE Qu v

I presented exactly the contents I had

d 0% 7% 15% 53% 23%
prepare

I remembered everything I wanted to 0% 7% 38% 38% 15%
say

I was relaxed 0% 38% 46% 7% 7%
My postu're was cF)rrect fora 7% 0% 79, 69% 15%
presentation of this type

My. explanation was developed with a 0% 0% 15% 31% 539,
logical and coherent sequence

I expressed the concepts clearly 0% 7% 31% 46% 15%
The grammatical structures were correct 0% 15% 46% 23% 15%
My pronunciation was good 7% 0% 46% 38% 15%
The lexicon was rich and appropriate 0% 15% 23% 53% 7%
];/(;}el (;;1;6: was calm and the volume was 0% 7% 15% 53 3%
I am satisfied with my account in all 79, 7% 23% 61% 0%

respects

Table 1 demonstrates that the future work of the language advisor should aim to make
students feel comfortable and confident in their abilities both at the CAP and in the classroom.
Despite the difficulties due to the impact with the audience, formed by classmates and the
teacher, the activity was appreciated by all students, in particular the opportunities to “/earn
something new from the presentations of classmates” and “learn to overcome the fear of
speaking Italian in front of other people”. One student admitted that she had worked on
“emotion control” and had learned how to manage her emotions for presentation. Another
student appreciated the work of the language advisor at the CAP as “we found the best
teaching approach for the group”. The main difficulty was remembering the new terms they
had learned and concentrating on the grammatical structures while speaking; one student
highlighted the “transition from written text to oral text” among the difficulties; however,
those difficulties were the aspects of the language in which all students felt they had improved
thanks to the project.
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The contribution of the language advisor to the activity was defined as useful for helping in
the organization of the presentation, correcting grammatical errors and finding suitable
sources. Two students reported that the activity was not profitable for the purpose of learning
Italian and three did not consider the activity with the language advisor to have been useful.
Among the aspects of the language to be improved, oral skills are still significant, followed

EL T3

by “grammar (verbs and connectives)”, “vocabulary” and “sentence structure”.

Overall, the project proved to be effective both for learning Italian and for introducing the
functions of the CAP and discovering the figure of the language advisor. The students who
had identified weaknesses in oral production during the first session at the CAP have—
through practice—learned to overcome their fear of presenting in Italian, thanks to this
language advising activity.

4. Conclusion

This article aimed to demonstrate how a group of international students could be helped to
be more autonomous learners of Italian L2 through a didactic project, the purpose of which
was the development of oral skills through the discovery of the figure of the language advisor,
the CAP and its materials.

Reflecting on the real effectiveness of the advising sessions, it appears that, during the
meetings at the CAP, numerous learning strategies were developed through talking to the
advisor and peers regarding the search for sources, the passage from written to oral text and
the organization of the speech. The project therefore brought various benefits to the learners:
firstly, by improving lexical and specialist vocabulary skills in L2 and developing oral skills,
and secondly, it encouraged students to reflect on their knowledge of Italian and on what they
would still like to improve, trying to find the tools suited to their needs, independently or
with the help of the language advisor. At the CAP, the learners felt free to express their
concerns without fear of being judged. Working with the language advisor, the students
learned to ask questions, seize opportunities to clarify doubts, practice the language, manage
their time more effectively and consult resources they did not know existed. Thanks to the
self-assessment questionnaires, the need to investigate aspects of the language emerged
which, in some cases, were subsequently taken up in the classroom by the Italian teacher.

Clearly, also critical issues emerged from such a project. The greatest was undoubtedly the
difficulty encountered by learners with level A1-A2 of the CEFR; for these students, such an
activity turned out to be very difficult. With regard to any further projects, it would be
advisable not only to simplify the topics chosen for the presentation, but also to organize
advising sessions and didactic activities exclusively for these students. That said, the greatest
difficulty for all levels was practising the ability to speak, as seen from the analysis of the
questionnaires; however, despite this difficulty, the activities of the project were appreciated
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as, albeit not mandatory, all students participated in the meetings organized at the CAP and
81% presented the work to the rest of the class and to the Italian L2 teacher.

New proposals could be made to improve the language learning advising service at the
university; for example, preliminary advising sessions could be organised to introduce the
theme of the development of autonomy: raising awareness among students about the
importance of becoming autonomous learners could be the first step towards more effective
and lifelong learning.

A final consideration concerns the moment of uncertainty and change that we are
experiencing; it will certainly be necessary to continue the research in the field of autonomy,
in the light of the new educational needs, such as rethinking ways to make language advising
effective for online learning.
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Abstract

To better prepare a new generation of practitioners and thought leaders to
meet the complex challenges highlighted in the sustainable development goals
(SDGs), innovation is needed in the design and delivery of degree
programmes. Gender inclusion and diversity are increasingly recognised as
key tenets of Education for Sustainable Development. Energy access education
in Africa provides an excellent context in which to explore ways of delivering
gender inclusive Masters programmes and the curriculum transformations
needed to address the dual challenges of SDG7 (energy access) and SDG 5
(gender equality). This paper explores the evolving context of gender
mainstreaming in energy access education at Institutions of Higher Learning
(IHLs) in Africa, drawing on a desktop study and interviews with 8 African
Universities in the Transforming Energy Access Learning Partnership (TEA-
LP). The paper calls for the adoption of a more holistic approach to
mainstreaming gender in energy access education at IHLs, encompassing
curriculum content, teaching methods, learning environments and the broader
institutional enabling environment.
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1. Introduction

In response to the 2030 Agenda for Sustainable Development, Education for Sustainable
development (ESD) has gained traction in the international development arena as a way of
advancing the sustainable development goals (SDGs). ESD seeks to provide ‘the knowledge,
skills, attitudes and values’ needed to achieve the SDGs (Leicht et al., 2018: 35). Institutions
of Higher Learning (IHLs) have a key role in driving EDS in teaching and learning, research
and development and within university governance and operations (Nhamo & Mjimba,
2019). Gender equality and the empowerment of women and girls (SDG 5) is needed to
effectively respond to the challenges underlying the SDGs. Concurrently, there is an impetus
to mainstream gender in IHLs, to advance ESD through equality in the learning environment
and excellence in education regardless of gender, social status or ethnicity (Kahamba et al.,
2017). The confluence of these interlinked global imperatives provides an opportunity to
critically re-think models of higher education to prepare graduates with the skills,
competencies and values needed to drive societal change (Michelsen & Wells, 2017).

Education for SDG 7 (universal access to energy) provides an excellent context for exploring
the transformations needed to address the energy access challenges on the African continent.
Sub-Saharan Africa has the lowest energy access rates, and gender inequality in energy
access and higher education is stifling progress towards achieving the SDGs. Masters
programmes in renewable energy and energy access specialisations can instill in graduates
critical skills and competencies required to transform energy access in their countries and
beyond (Golba et al., 2015). Furthermore, access to these programmes is critical for
improving women’s engagement in the energy sector (IRENA, 2019). Gender inclusion and
diversity thus underlies comprehensive energy access education because (i) women and men
require equal access to education and training in energy; and (ii) curricula need to reflect
gender needs of this dynamic sector in content and teaching methods (Pailman et al., 2020).
The practice of achieving this remains largely unaddressed. Utilising a case study of the eight
African universities that comprise the Transforming Energy Access Learning Partnership
(TEA-LP), this study sought to answer the following research questions: /. How is (energy)
academia gendered in Africa? and 2. What transformations are needed to become more
responsive to sector needs? Identifying urgent changes required in cultures of teaching and
learning, curriculum content and pedagogy, and institutional enabling environments, this
paper proposes a holistic approach for achieving gender equal ESD for SDG7.

2. Methods

This paper draws on a desktop study and empirical data from 16 semi-structured interviews
with course convenors and lecturers (11males, 8 females) from eight African universities in
the TEA-LP, conducted during a workshop in February 2020 in Addis Ababa. The TEA-LP
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provides support to universities in Kenya, Ethiopia, Nigeria, Lesotho, Malawi, Uganda and
Cameroon (with a Pan-African footprint) to develop energy access courses for Master’s
degree programmes (See: https://tea-Ip.org). The interviews, which serve as a baseline and
snapshot of individual university contexts, were transcribed, coded and thematically analysed
in NVivo 12. Using both inductive and deductive coding techniques, themes explored
include: championing gender awareness at a departmental level, gender and course
enrolment, gender in the curriculum and pedagogy, gender roles in society and perceptions
about energy professions.

3. Findings

While there are many factors that shape energy access education, this paper identifies three
key interlinked dimensions to consider in the design and delivery of gender inclusive and
responsive Masters programmes. These are: (i) cultures of teaching and learning, (ii) societal
perceptions, norms and roles and (iii) curriculum content and pedagogy. Cultures of teaching
learning are influenced by broader societal norms and values, which informs curriculum
content and the learning experience (Figure 1). Universities are indeed microcosms of
society, reflecting societal values, whilst shaping their own institutional identities (Kahamba
et al., 2017). These dimensions are discussed below.

Culture of
teaching and
learning

Societal ‘

perceptions, Cumculun&
By content an

roles pedagogy

Figure 1: dimensions of energy access education

3.1. Cultures of teaching and learning — a need for multi-disciplinarity and diversity

In energy access education, ‘cultures’ of teaching and learning can serve as a departure point
to explore the factors that shape the gendered experiences of students and staff in university
departments. Energy-related Masters programmes are often housed within engineering
departments, and students and staff are affected by the prevailing departmental culture.

Despite progress towards gender inclusive education, a ‘technical’ engineering culture
remains prevalent in engineering education, which is often male dominated and lacking
diversity (Carberry & Baker, 2017; Ihsen, 2005). This influences notions of ‘who engineers
are’, ‘what engineers do’ and ‘whose knowledge counts’ (Godfrey, 2003), which impacts
identity, belonging and ability to connect with the degree programmes (Ihsen 2005; Carberry
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& Baker, 2017). In response, Thsen (2005) calls for diversity (e.g. gender, cultural, and socio-
economic) and the inclusion of non-technical competencies in engineering education.
Crucially, more women pursue engineering specialisations that have a clear social and
environmental benefit (Du & Kolmos, 2009), which provides an important entry point into
energy access programmes.

While technical competencies remain essential to the design and development of energy
technologies and systems, a purely ‘technical culture’ in departments does not produce the
full range of competencies required by energy professionals to respond to SDG 7 (Golba et
al., 2015). Energy Masters programmes need to incorporate, amongst other, social,
environmental and economic perspectives as well as soft skills (Perdue, 2020). All
interviewees emphasised the role of multi-disciplinarity and systems thinking for their degree
programmes and advancing energy access. This can also attract students from disciplines
outside engineering.

One of the challenges that we repeatedly face is a lack of a systems thinking
approach, people are looking at problems from one dimension, but it has
multiple dimensions, and if you able to look at it from multiple dimensions you
are able to generate a solution that is relevant and sustainable (SS1, female).

Furthermore, interviewees felt that technology needs to be connected to its broader purpose:

Energy access and sustainability is basically talking to the consumer and our
multi-disciplinary programmes, for example, entrepreneurship and business
model(s), project management and finance, we also have community
mobilisation, these courses give life to the technical competencies and the
ultimate focus is commercialisation, that is what will enhance access and
sustainability (BM1, male).

Thus, a joint focus on changing teaching and learning cultures within departments, as well as
adopting a systems approach in education that has a clear societal and environmental benefit,
can alleviate gender inequality.

3.2. Societal perceptions, norms and roles — navigating gendered expectations of female
graduates and accommodating women in IHLs

In addition to the cultures of teaching and learning at departmental level that affect gender
equality in energy access education, prevalent societal norms and beliefs about women and
men in engineering and energy professions were strongly expressed in the interviews:

There are lot of people who would be telling you, that's a male career (SSI,
female).
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There is a perception that engineering is meant for mainly the male because
they deal with machines and heavy equipment...we don't really stress activity
women have done in the engineering (RU2, male).

Furthermore, perceptions about domestic roles and expectations affect women in IHLs.
Female academic staff and post-graduate students play multiple roles as academics, students
and caregivers. While some universities have measures in place to cater for female staff and
post-graduate students with young children, university structures often do not fully cater for
their practical needs. Several interviewees concurred:

The ladies who joined the Engineering school are very brilliant in terms of
skill..., (they) topped our class and later go on to very brilliant careers...It’s
not that in terms of ability they are unable, it’s just that the societal demands
that later come up either when they get married, or as they get into more
responsibilities, tend to take them away from the STEM issues. Also, the big
demands in terms of travel, fieldwork also take a toll (JS2,male).

There must be something that is hindering women, maybe from the social
perspective.., for instance after undergraduate (studies) women go into many
other roles including starting up a family and when you start up a family there
are certain things you will not do as a woman, because when the children are
there you are expected to give up your career for the family, (more) than the
man would be expected (CG1, female).

An urgent change in attitude is needed that recognises the place and contributions women in
the energy access sector, as engineers and energy professionals, and is cognizant of women’s
professional and reproductive burden. Rather women should be fully supported to navigate
professional and personal domains and identities during and after their studies. At a practical
level, gender-appropriate support is needed to attract female students and enable them to
complete their studies. This could include childcare facilities for post-graduate students with
young children or suitable accommodation to students with young families, and consideration
of their needs in fieldwork and travel commitments.

3.3.Gender mainstreaming in the curriculum and classroom

The curriculum itself is an essential dimension of energy access education, and requires a
holistic approach that integrates gender in learning outcomes, content, teaching methods and
style, learning environment and assessments (Roberts & Moxham, 1995). Curriculum
development must cater for male and female students, interactions between genders, the
gendered motivations and experiences of students in their understanding of technology and
the ultimate societal impact the curriculum sets to achieve (Ihsen, 2005).
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Furthermore curricula need to be revised for gender-biased messages. As Grunberg (2011: 7)
argues, curricula are not neutral, but ‘always serve as a means of social control, legitimating
existing social relations, representing somebody’s version of what constitutes important
knowledge’. A curriculum can thus either entrench existing gender stereotypes, biases or
norms or be used as a tool for transformation. This study found that this gender bias remains
prevalent in engineering materials, and one interviewee noted:

Looking at ...the examples you might have, it’s very masculine. You have to
now develop ...your examples with this at the back of your mind. Saying there
is a gender aspect involved, how do I show that...it has to be very well thought
out in terms of how it’s delivered even if it’s a male person delivering
(JS2, male).

An inclusive curriculum incorporates gender diverse perspectives, which will benefit all
students, and users of energy technologies (Mills & Gill, 2009). This could have a greater
impact for delivering energy access in an equitable way. Interviewees identified a need for
the representation of women and men in the curriculum itself to create sufficient depth of
knowledge of energy access challenges:

They have to be aware of the societies they are going to be engaged with.
Engineering is not only a technical aspect, it impacts on society, so whatever
society's needs are, those are things that can feed into your curriculum
(JS2, male).

The curriculum should bring out...the gender role in energy access... Those
roles should come out clearly in the curriculum (CG1, female).

In addition to curriculum content, it is important to consider the approaches used in the
classroom, as teaching methods and representative examples can have a significant impact
on gender inclusion and equality within a degree programme. Group activities and problem-
based learning (PBL) create interactive learning environments that are connected to context
(Mitchell et al., 2019; Perdue, 2020). PBL scenarios need to be representative and incorporate
technical and non-technical perspectives (e.g. end-user dimensions of energy technologies).
Interviewees stressed that students engaged in PBL need tools to work effectively in diverse
teams, as gender diverse teams do not automatically lead to gender inclusion.

The girls are more silent than the boys in answering, but that comes from the
cultural issues that we have been talking about, but nowadays, as I told you it's
changing so everybody is just answering. Now in my class I point out...
anybody that I want to answer (MM2, male).
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Learning to work in groups and allowing all students to participate in lectures can result in
more well-rounded energy access solutions in the classroom and within real life applications
(RU2,male). Another interviewee noted:

People need to be able to communicate and then in that way work together to
develop solutions. ..I think part of that systems thinking, different people think
differently, so just allowing people to speak up in class in class or creating an
environment for them to speak up (SS1, female).

Thus, in addition to gender inclusive content, teaching methods must engage all students in
class discussions, also recognising cultural factors that may hinder female students from
actively engaging in predominantly male classrooms.

4. Championing gender inclusive energy access education - where to start?

Where does transformation of energy access education begin? Based on the findings
discussed above, this paper proposes transformations: i) in the classroom, ii) at a
departmental level and iii) within the energy sector and external programmes.

The classroom itself is an ideal setting for transformations to take root, and lecturers can
embrace new and creative ways of engaging students of different genders, learning styles and
preferences. Furthermore, interviewees emphasised the need for greater gender awareness in
their departments:

Lecturers... need to appreciate the basics of gender discourse because you
cannot force them to recognise gender inequalities unless they themselves
appreciate that gender inequality exists (MN1, female).

Finally, the energy sector itself, professional bodies and external programmes have a key
function in driving transformation, as interviewees commented. Notably, industry bodies
have been instrumental in professional development of female students and graduates (SS1,
female). Individual and collaborative efforts that begin in the classroom and are supported
by faculty staff, industry and broader programmes are thus invaluable for championing the
transformations needed for gender inclusive ESD.

5. Conclusion

This paper challenged the technical engineering culture and societal perceptions about
women and men in ‘traditional’ engineering, energy professions and higher education, and
has shown how it impacts the teaching and learning environment of energy access education.
To respond to SDG 7 effectively, transformations are needed towards an educational model
that promotes systems thinking, multi-disciplinarity and diversity, and gender considerations
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in all aspects of the curriculum. Masters programmes in energy access, therefore, need to
transcend the existing ‘technical culture’ to provide comprehensive and holistic education,
and to appeal to diverse student interests, needs and intrinsic motivations. A more holistic
approach to mainstreaming gender in energy access education, within learning environments,
curriculum content, and the institutional enabling environment, would contribute to address
the gender gap at IHLs and transform how energy access education is designed and delivered.
Furthermore, this offers a tangible entry point to deliver programmes for ESD that, in our
example, addresses the dual challenge of achieving SDG7 and SDGS.
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Abstract

Shulman (1987) introduced pedagogical reasoning in his model of
pedagogical reasoning and action, refers to the phases of activities involving
comprehension, transformation, instruction, evaluation, and reflection. The
present study aims at a critical review on the tools for investigating the phases
of pedagogical reasoning and action for mathematics teachers. Based on a
focused search in the database Scopus, 13 articles were reviewed. Findings
showed three categories included mathematical tasks, teaching materials and
videos. We further classified each category and connected it with Shulman’s
phases of pedagogical reasoning. Mathematical tasks are classified as pure
mathematical tasks and mathematical pedagogical tasks which can be
connected to comprehension and transformation phases. Teaching materials
are classified into three sub-categories, including materials in planning
session, in implementation session, and after implementation which can be
connected to comprehension and transformation, instruction, and evaluation
and reflection phases, respectively. Lastly, videos are classified into three
subcategories including video of self-teaching, others teaching, and movie
which connected to evaluation and reflection phases. Two findings are
highlighted including (1) the correspondence between the tools for
pedagogical reasoning and Shulman’s phases of pedagogical reasoning and
(2) the features of each sub-category of the tools related to pedagogical
reasoning.
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1. Introduction

The term of Pedagogical Reasoning was introduced by Shulman (1987) in his model of
pedagogical reasoning and action, refers as a process of transforming knowledge, such as
transforming the subject content knowledge into teachable content by considering students'
diversity of ability and needs. Pedagogical reasoning becomes one of notable aspects of
teachers’ teaching and learning process that it influences teachers in making decision either
in planning, implementation or after implementation sessions. In some conditions, teachers’
pedagogical reasoning might be accessible through teacher professional development, such
as practice-based and collaboration (Pella, 2015). According to model of activity by
Engestrom (1999), professional development consists of some components including tools,
subject, and object. Herein, the tools for investigating or improving teachers’ pedagogical
reasoning are critical in the transformation process since they are the key components of the
cyclic process of pedagogical reasoning (i.e. Shulman’s model). These various tools have
their own characteristics in how and when they would be used in teacher education program,
which is also discussed in this present study. Therefore, this review paper aims to examine
what and how the tools could be employed to enhance teachers’ pedagogical reasoning by
answering the following questions: (1) What are the tools that investigated and used in these
studies related to pedagogical reasoning? And how they connect to Shulman’s model of
pedagogical reasoning? And (2) What are the features of the tools used for pedagogical
reasoning?

2. Pedagogical Reasoning

Pedagogical reasoning is defined as the process of developing pedagogical content
knowledge, such as starting with initial understanding and shifting with a new understanding
of pedagogical content knowledge which influence teachers in making decision. Several
actions are involved in pedagogical reasoning, including comprehension, transformation,
instruction, evaluation and reflection (Shulman, 1987).

2.1 Phases of pedagogical reasoning

Comprehension — “To teach is first to understand” (Shulman, 1987, p.14). It is crucial for a
teacher to understand the teaching content themselves and to comprehend a set of ideas in
their discipline and how those ideas interrelated and connected within and with other
discipline (Nilsson, 2009). Transformation - Transforming the subject knowledge into a
teachable content is the most influential process in pedagogical reasoning and action
(Starkey, 2010). As the paramount aspect, transformation involves combination of some
activities, they are: (1) preparation (2) representation of the ideas (3) instructional selections
(4) adaptation of these representations to the general characteristics and (5) tailoring the
adaptations to individual student needs (Shulman, 1987). Instruction - The observable
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performances of teacher during teaching moment are comprised in this action (Shulman,
1987). Most of pedagogical aspects of teacher could be seen in this process in how teacher
conforms the transformed content in the actual classroom condition, included managing the
classroom, delivering clear content, facilitating the discussion/activities, and interacting
effectively with pupils through question and answer, compliment, comment or motivation as
well. Evaluation - Evaluation follows instruction and that includes checking for students’
understanding and misunderstanding during the instruction and testing students in formal or
informal way after instruction (Shulman, 1987). Furthermore, it is not only concerning about
students, but also evaluating for teacher’s instruction such as the gap between teacher and
students, teacher and teaching content, and as well as gap between students and teaching
material. Reflection - In this action, teacher begins a retrospect of teaching and learning
process that has occurred. “The teacher reflected on the lesson in three ways, included
pedagogical decision making, how the students engaged in the lesson and the effectiveness
of the lesson” (Starkey, 2010, p. 239). Finally, the process of pedagogical reasoning cycles
back to gain a new comprehension, which is a new understanding as a result of the learning
through the pedagogical actions.

2.2. The tools used for pedagogical reasoning

Based on model of activity theory (figure 1) by Engestrom (1999, p.30), the tools play a role
to mediate the subjects (i.e. teachers) and objects (i.e. teachers’ interpretation or knowledge)
that produce the outcomes. Herein, the tools for pedagogical reasoning refer to the materials
that are observed by participants and require their pedagogical reasoning. Teachers’
pedagogical reasoning about the materials may base on their pedagogical content knowledge
and then produce teaching and learning. Several examples of the tools for pedagogical
reasoning are lesson plan (Nilsson, 2009) for before implementation session, textbook or
activity sheets for implementation session (McDuffie & Mather, 2009), and students’ work
(Baldinger, 2020) for after implementation. The tools of pedagogical reasoning are useful for
teachers if they are employed effectively in teacher education program.

Tools

/N ==

Subjects > Objects

Figure 1. Model of activity, according to Engestrom, Y.

3. Method

The literatures were identified by exploring Scopus database with keywords “pedagogical
reasoning” or “curricular reasoning” or “instructional reasoning” or “practical reasoning” or
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“reflective reasoning” or “reasoning * teaching” or “reasoning * learning” or reasoning *
student” AND “mathematics” or “mathematical” AND “teacher”. The total of 30 articles
were located, through the selection process, the 13 articles (Andrews-Larson, Wilson, &
Larbi-Cherif, 2017; Arani, 2017; Aydogan Yenmez, Erbas, Cakiroglu, Cetinkaya, & Alacaci,
2018; Baldinger, 2020; Chen, Marshall, & Horn, 2020; Choy, 2016; Dyer & Sherin, 2016;
Horn, 2010; Kim, Metzger, & Heaton, 2019; Lesseig et al., 2017; McDuffie & Mather, 2009;
Niess & Gillow-Wiles, 2017; Von Minden, Walls, & Nardi, 1998) were included in this
review study.

4. Results

4.1. The tools for pedagogical reasoning Shulman’s phases of pedagogical reasoning

Based on table 1, we can see the correspondence between the tools of pedagogical reasoning
and Shulman’s model of pedagogical reasoning.
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Table 1. The connection between tools for and phases of pedagogical reasoning.

= =
=] =]
17 E=} = = =
Shulman’s Phases s g £ = S
= = g < °
! e = = &
Tools & z 2 g S
g = g =) =
Q =
Pure
mathematical #4, #13 - - - -
Mathematical tasks
task )
Mathematlcal 46 46, #13 ) i i
pedagogical task
In Planning #1, #3, #8,
sessions (i.e. #12 #9, #11, - - -
lesson plan) #12
In implementation
Teaching (i.e. textbook) . ) #3, #11, #12 )
Materials
After
implementation ) ) ) #3, #4, #8,
(i.e. students’ M HL#IZ 1 4
work)
Self-teaching - - - #7,#12 #7,#12
Videos Others teaching - - - #2,#10, #12 #2,#10, #12
Movie - - - - #5

N= ID number of the articles

For the tools of pedagogical reasoning, findings showed the categories of materials included
mathematical tasks, teaching materials and videos. We further classified each material into
sub-categories and connected it with Shulman’s phases of pedagogical reasoning. Firstly,
mathematical tasks are classified as pure mathematical tasks (for teachers) and mathematical
pedagogical tasks (for students). Specifically, the pure mathematical tasks can reveal teachers’
mathematical reasoning while mathematical pedagogical tasks provide teachers need to
reason about the representation of content. Thus, the two sub-categories can be connected to
comprehension and transformation phases. Secondly, feaching materials are classified into
three sub-categories, including materials in planning session (i.e., lesson plan), in
implementation session (i.e., textbooks), and after implementation (i.e., students’ work). In
planning session, we see teachers’ reasoning to engage with the content while teachers’
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instructional reasoning is showed in implementation session. Then, teachers’ reasoning is
expressed when they evaluate the results of the lesson. These three sub-categories can be
connected to comprehension and transformation, instruction, and evaluation and reflection
phases, respectively. Lastly, videos are classified into three sub-categories including video of
self-teaching, video of others teaching, and film. The videos are included in evaluation and
reflection phase, where we could investigate teachers’ reflective reasoning about self-
teaching and teachers’ noticing skills when they watch the video of others teaching.

4.2. The features of the tools for pedagogical reasoning

The three tools related to pedagogical reasoning (mathematical tasks, teaching materials, and
videos) have some characteristics in the how (the way they used) and when (i.e. before
implementation, implementation, and after implementation) they are used in the studies.
Firstly, mathematical task is used specifically on session before the implementation. To be
confident in delivering the materials to students, teachers would practice with some
mathematical tasks before they teach them to their students, especially for novice teachers.
For further anticipation, before implementation, teachers are required to transform their
mathematical knowledge into teachable content so students can understand the material
easily. Secondly, teaching materials can be used before implementation, in implementation,
and after implementation. Teaching materials are varied including lesson plan, textbook,
teaching tools/apparatus, activity sheets, students’ work, etc. the most popular teaching
materials that used in the studies is lesson plan. Lesson plan is a concrete evidence to
investigate what teachers know and how teachers teach, especially to observe teachers’
decision-making and noticing skills. Lastly, the videos are used after implementation process.
Usually, video is employed as an object in teachers collaboration time (Arani, 2017; Chen et
al., 2020; Dyer & Sherin, 2016; Lesseig et al., 2017), which offer opportunities for teachers
to discuss, reflect and evaluate the teaching and learning process on the videos.

5. Conclusion

The results showed three categories of the tools included mathematical tasks (pure
mathematical tasks and mathematical pedagogical tasks), teaching materials (planning
session, implementation session, and after implementation) and videos (self-teaching, others
teaching, and movie). We also further classified each category and connected it with
Shulman’s phases (i.e. comprehension, transformation, instruction, evaluation and reflection)
of pedagogical reasoning. According to the review, two findings are highlighted, including
(1) the correspondence between the tools for pedagogical reasoning and Shulman’s phases
of pedagogical reasoning and (2) the features of each sub-category of the tools of pedagogical
reasoning. The former findings could be used by teacher educators as reference to design
their materials for investigating and improving teachers’ pedagogical reasoning and action.

134



Kai-Lin Yang, Siska Nopa Br Tambunan

Regards the features of sub-categories, it is suggested to further investigate and compare the
process of pedagogical reasoning as teachers interact with different category of materials in
order to find a more efficient approach to teacher education.
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Abstract

One of the biggest challenges of online teaching is student evaluation. With the
students not being physically present, assessing their level of knowledge on a
subject presents different challenges than those traditionally encountered in
face-to-face teaching. In this paper we present an overview of different
evaluation systems and reflect about its advantages and disadvantages when
applying them in online environments.

The most common evaluation systems: multiple-choice quizzes, open question
exams, essays, projects and oral exams, are ranked depending on several
criteria. Criteria include items that any professor should take into
consideration such as easiness of design and preparation or difficulty of
student cheating. The advantages and downsides of each evaluation system are
presented and several mechanisms to mitigate the disadvantages of each
method are proposed.

This paper is helpful to professors and teachers, particularly in the current
situation where the Covid-19 pandemic has moved most high-education
teaching online.

Keywords: Online; evaluation systems; exams; cheating, individual
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1. Introduction

The Covid-19 pandemic has forced schools, universities, business schools and all type of
education institutions to either cancel courses or move to online teaching (Garcia-Pefalvo et
al., 2021). Moving online presents many challenges, from choosing the appropriate online
platform to adapting materials and teaching styles (Barra et al., 2020). Within all these
challenges, one of the most important ones is individual student evaluation.

Education institutions are required to guarantee that remote assessment is secure, reliable and
fair, in particular, protecting against academic misconduct while also safeguarding a fair
provision and treatment of students (Guangul et al., 2020). There is a wide array of evaluation
systems that have traditionally been used in physical settings. Some professors chose to
evaluate students through individual written exams, where students are gathered in a room
and work on their own answers while an invigilator controls their behavior. Other professors
propose some in-class activities while they go around the class solving doubts and gathering
information on the attitude and knowledge of each of the students. None of these two
examples of evaluation systems could be transferred to an online setting without losing much
of its essence. The same is valid for many other evaluation methods.

Which evaluation systems are more adequate for online settings? What are their associated
advantages and disadvantages? In this paper we aim to provide a clear overview of different
evaluation systems that could be applied in online environments and rank them according to
a set of diverse criteria. The criteria chosen capture the most relevant concerns of professors
when designing an evaluation system: from easiness of grading to exam duration, including
also difficulty of student cheating or objectivity in grading. Since no evaluation system is
perfect, we discuss potential methods, called mitigation levers, that can help minimize the
drawbacks of each evaluation system.

We believe our paper contributes to the current literature on higher education and particularly
on evaluation systems by providing a general view of the evaluation methods available for
online settings. Our overview is particularly relevant for professors. Although we
acknowledge that each education level, subject and professor will differ on their preferences
and needs, our framework is flexible enough to provide an answer to each professor who,
depending on the relative weight he/she gives to each criteria, can find the most adequate
evaluation tool to fulfill his/her purposes.

2. Literature review

Despite assessment practices in higher education institutions have been largely discussed in
the literature, designing an appropriate assessment strategy is a continual challenge for
instructors (Akimov & Malin, 2020). This situation is even more difficult in remote and
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hybrid training modalities, where there is a lack of harmonized approaches of assessment
(Kearns, 2012). Although online courses existed before the coronavirus spread, universities
have been forced to readapt the way they are assessing students’ performance and started
using online assessment tools such as quizzes (either multiple-choice or in an open-question
format), oral exams, evaluation through projects or written essays (Guangul et al., 2020).

This variety of approaches opens up many interrogates questioning which examination
methods, particularly at the individual level, are the most appropriate ones (Barra et al., 2020)
as distance modes of course delivery have brought new challenges.

In choosing the type of assessment, several considerations need to be taken into account
(Hsiao & Watering, 2020). One of the critical issues is the validity and reliability of the
assessment and if the method of delivery meets the intended purpose (Tuah & Naing, 2021).
The assessment must be consistent, fairly applied, and must allow students to demonstrate
the extent to which intended learning outcomes have been achieved (Shraim, 2019). The
design of online exams must follow pedagogical principles, rather than merely embodying
innovative technology, and the whole process must be carefully planned (Whitelock, 2006).

Another key concern that has risen with the transition to online examinations is whether this
will make cheating easier (Chirumamilla et al., 2020). The impossibility of sharing the
physical space with students during examination situations and have them face-to-face has
led to a number of cheating practices (e.g., impersonation, forbidden aids, peeking, peer
collaboration, non-allowed outside assistance). Depending on the type of examining
technique, different countermeasures can be implemented (e.g., proctors, biometry,
randomizing questions, broadcasting, use of antiplagiarism software, etc.), yet, online
assessments are still vulnerable to academic dishonesty.

The type of assessment practice chosen will have a major impact on students’ learning and
academic achievement. Therefore, when discussing which evaluation methods work best, it
is necessary to self-reflect about the rationale behind the assessment.

3. Methodology

In order to investigate which assessment methods are more suitable to different situations,
the study was organized in three stages. First, we conducted a review of the literature aimed
at identifying the most commonly used online assessment methods in higher education and
the pros and cons of each method. The search was conducted in Web of Science and Google
Scholar. We retained articles in academic journals but also reports published by independent
organizations (e.g., European Commission). Also discussions on public forums as a result of
the Covid-19 outbreak and its impact in evaluation processes were considered. The keywords
used in the searches combined relevant terms such as “online”, “assessment” and
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“evaluation”. In addition to the above searching terms, we filtered papers by year of
publication, selecting only papers published after 2005, when we believe online education
started to take off. Main journals in which the selected papers were published include Higher
Education, Studies in Higher Education, Assessment & Evaluation in Higher Education.
After analyzing the documents, a list of five online assessment methods was obtained. These
methods can be defined as follows:

Multiple-choice quiz (MCQ). Online quiz that contains closed-answer type questions which
allow assessing essential knowledge. Questions might include text, pictures, sound or other
media and weight individual answers. In a quiz the grading is automatized and questions can
be randomized. This assessment method requires a learning platform.

Open question exam. This is the conventional assessment method in which students are posed
with open-answer type questions. It presents different questions (e.g. testing memory, testing
knowledge about concepts, testing application of the key learnings, etc.) and usually requires
an answer of a couple of paragraphs long (up to one page).

Essay. Students are challenged to come up with the key concepts and theories covered during
the course and put them in their own words to interpret or discuss a given topic. This method
allows evaluating students’ aptitudes to recall, organize and integrate different theories and
viewpoints in the form of a written work.

Project. Students are asked to think beyond the boundaries of the classroom and are
challenged to apply what they have learned to an in-depth exploration of a topic. The project
can be evaluated by means of an oral presentation or with the written report. If the former,
the assessment is based on a presentation prepared by the student and followed by a dialogue
with the instructor on this piece of work. In the case of a written report, there is no face-to-
face conversation between the student and the instructor and therefore, the evaluation occurs
asynchronously.

Oral exam. Oral exams (also called vivas) test students’ ability to verbally communicate
theories, ideas and key concepts covered in a course. The lecturer poses questions to the
student in spoken form and the student has to respond to them. Depending on the answers,
the lecturer has the opportunity to ask follow-up questions, and thus, make this evaluation
tailored to the individual student.

In addition, we also distinguish between closed-/open- book assessment situations
(applicable to MCQ and open question exams). In a closed-book assessment students are
confronted with the exam by solely relying on their own memory. On the contrary, in open-
book exams they are allowed to refer to any material they want to consult while carrying out
the exam. This later form of examination tests for more than just rote-learning.
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Another outcome was the identification of the main aspects lecturers look at when choosing
an assessment method: the workload required (easiness of design and preparation, and
easiness of grading), the type of knowledge to evaluate (covering a module/the entire course,
and deepness of the learning), the extent to which the assessment method prevents students
from dishonesty (cheating with peers, and access to other sources of information), the
reliability of the instrument (grading objectivity) and its feasibility (duration of the exam),
and whether it is possible to maintain visual contact with student.

Next, in a second stage we organized two focus groups with professors aimed at discussing
the challenges and effective practices in online assessment. Professors were selected from
different disciplines and met the requirement of being actively involved in teaching
innovation practices. Two focus groups of 8 professors each were performed, one with
professors whose main teaching experience is with undergraduate students and another one
with professors whose main experience is with graduate students. The professors came from
different programs, schools and universities including medical school, architecture,
management, journalism and engineering. The participants were also diverse in gender, age
and career level, including lecturers, assistant professors, associate and full professors. The
focus groups allowed the researchers to contrast the findings from the literature review, make
sure that no relevant evaluation methodology was left out and that all the critical
characteristics that an evaluation method should possess were taken into account.

Finally, in the third stage, we created a survey targeted to students in order to capture their
opinions and preferences about the different forms of assessment. Although students are not
the most adequate to estimate the difficulty of design and preparation of a certain type of
evaluation method, they are probably the most competent to appraise the easiness of cheating.
With that in mind, we designed a questionnaire where the different assessment methods were
listed. Opinions were asked about difficulty of cheating, either interacting with other peers
or accessing not-allowed information and about deepness of the learning that the evaluation
method was able to test. General questions about evaluation method preferences as well as
open questions about what type of online assessment methods have they experienced were
also included. We collected responses from a variety of students enrolled in different
disciplines (e.g., engineering, management, law, economics, nursing, journalism). Students
represented different nationalities (Spanish, Italian, English, French, Netherlands, USA) and
were diverse in gender and age (from 18 to 30 years old). Survey responses were in line to
what had previously been observed in the literature and confirmed in the professors’ focus
group, reassuring that we did not forget any relevant point.

With the information gathered (i.e., relevant literature, and professors and students’ points of
view) we developed the double entry matrix presented in the following section. The cells in
the matrix were filled out separately by two researchers. Later, the matrices were compared.
In case of disagreement a third researcher was consulted to reach an agreement.
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4. Results and discussion

Our results are summarized in Table 1. Assessment methods are displayed in columns while
the selection criteria appear in rows. A green cell means that a certain evaluation system
perfectly fulfills a particular criterion, while yellow should be interpreted as a partial
fulfillment and red as a poor performance. In some instances a criteria is not applicable. The
bottom part of the table presents the mitigation levers (Stack et al., 2020) that have been
identified and that, if applied properly, can help overcome some of the shortfalls of each
evaluation method.

Table 1. Evaluation systems overview.

Multlple' choice  Open question Essay Project Oral
quiz exam exam
Open Closed Open  Closed

Written  Oral

Criteria book book book book
Easiness of design
and preparation

Easiness of grading

Prevents interaction
with peers

Prevents access to
other information

N/A

Course coverage

Deepness of
learning

Grading objectivity

Exam duration

Visual contact with
student

Mitigation levers

Synchronous . .

Rubric . . o
Question parameters . .

Code of honor . . . . .
Camera on . . .
Strict time limitation D . .
Plagiarism detection D . . o .
Browser lockdown D .

Source: Authors. Note: N/A means Not Applicable.
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Multiple choice quizzes, either open-book or closed-book (columns 2 and 3 of Table 1), are
a popular online evaluation system. They offer some great advantages like the easiness and
objectivity of grading, sometimes even done by a computer, limited exam duration and, if
well designed, can cover much of the course content. In contrast, designing them properly is
not easy as questions should be mutually exclusive and present no ambiguity. In addition,
especially if the software used does not allow for permanent visual contact with the students,
this type of evaluation method makes cheating, either by interacting with peers of by
accessing forbidden information, relatively easy. To avoid these shortfalls, some mitigation
mechanisms can be put in place. We suggest that the exam is done in a synchronous manner,
so that all students are doing the quiz at the same time and with a computer software that
permits seeing student faces. Additionally, putting some effort in changing question
parameters such as randomizing the order of the questions and answers or not allowing the
student to go back and review a question already answered, are usually good practices to
avoid student dishonesty. Finally, there are software applications such as Respondus!© that
have a browser lockdown system that only permits students to have open the exam window
during all the exam duration.

Open question exams (columns 4 and 5 of table 1) are easier to prepare than multiple-choice
quizzes but are usually more time consuming to grade and allow for a higher degree of
subjectivity. By giving students the opportunity to express themselves with more freedom, it
is easier to assess the deepness of the knowledge acquired. Cheating by interacting with peers
or accessing information is less straightforward than in quizzes but can potentially still be an
issue. In addition to the mitigation strategies already discussed for quizzes, the use of anti-
plagiarism systems can be adequate in this setting.

Essays and projects (column 6, 7 and 8 of Table 1) are by nature asynchronous and require
the student to think deeper. Plagiarism is one of the biggest risks in this context that can be
mitigated by using a plagiarism detection system. Grading is lengthier and more subjective
but this drawback can be softened by using a rubric that clearly establishes the grading criteria
and to which students must have adhered on.

Finally, oral exams (column 9 of Table 1) allow a one to one interaction between the professor
and the student. This evaluation system has many advantages. As soon as the exam is
finished, the professor has a clear idea of the knowledge of the student on the subject and can
grade accordingly. In addition, since it is synchronous and individualized, cheating becomes
difficult. In contrast, being impossible to run several oral exams in parallel, doing an oral
exam is very time consuming for the professor, something that can only be minimized by
having a strict time control.

!https://web.respondus.com/he/
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5. Conclusion

Our study is a practical compendium on the advantages and disadvantages of online
individual evaluation methods. By reviewing the literature and gathering the point of view of
professors and students, we have developed a framework that professors can use to assess
which evaluation method is more adequate in their context, taking into account the subject,
the technology and the time available.
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Abstract

The asynchronous online discussion can enrich learning experience in many
ways, even in classroom or blended learning scenarios. It is quite challenging
to design an effective online discussion. The presented study draws on the
action research strategy. After observing and analyzing students’ learning
problems in introductory programming courses, we came up with intervention
of the online collaborative activity to guide students during their individual
studying at home in a more regulative manner. The main goal was to involve
students in active learning and strengthen the feel of being a friendly
community member. Students were producing sample test questions/tasks for
others, and then using products of their classmates for their own learning. The
intervention was evaluated deeply using both, qualitative and quantitative
methods. This reflection implied that the activity’s design was appropriate and
the impact on students’ learning process was positive. We found the
constructivist features of the activity essential as for its effectiveness. The
learning scenario described in this paper provides a verified framework for
designing similar collaborative activities suitable mainly for problem-oriented
areas of study, e. g. in science or engineering education.
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1. Introduction

An asynchronous online discussion can enrich learning experience in many ways, even in
classroom or blended learning scenarios. Besides the community building aspect, the online
environment gives students more time to think about the topic; motivates students to interact
with others (to learn from others); enables students to use their own, less formal language;
makes it easier for introvert or slower students to present themselves as active and valuable
members of the group.

It is quite challenging to design an effective online discussion. In (Schellens & Valcke, 2005),
the researchers investigated question, whether working in asynchronous discussion forums
fosters knowledge construction. Garrison (2007) explored the issues emerging from research
on social, cognitive, and teaching presence in an online community of inquiry. Shaw (2013)
examined the relationships among group size, participation, and learning performance factors
when learning a programming language in a computer-supported collaborative learning
context. In (Abawajy & Kim, 2001), a taxonomy of online forums was suggested. The authors
distinct 3 types of online forums:

The auxiliary forums represent optional, open, self-directed, unstructured discussion in which
the learner-to-learner interaction prevails. The teacher responds to students’ posts from time
to time, in order to keep discussion threads alive and relevant or to support students with
learning difficulties. In programming courses, our students are active in online forums
dedicated to homework assignments. These forums are appreciated especially by novice
programmers, who seek for help from their more advanced colleagues.

The hybrid forums are used to enhance or mediate collaborative learning activities. The
participation is often compulsory and assessed. Topics and deadlines are set by the lecturer.
In programming courses, we use such online forums quite frequently: for short warmups
(during lab sessions), team competitions, projects presentations or peer assessment of
solutions. In (Lovazsova & Palmarova, 2012), an activity based on competitive online
collaboration suitable for courses on computer programming was described. Students were
posting their solutions of problems (programs) in an online forum. Various behavioral
patterns of participants were recognized after analyzing students’ visible and invisible
presence within the online environment. In (Michali¢kova & Lovaszova, 2014), students
were creating a glossary of new terms and programming statements and sharing essays on
programming topics with classmates. Both activities were intended to foster students’ higher
order thinking skills. In this paper, we present a constructivist and collaborative learning
activity realized through online forum. It was designed in order to facilitate student’s learning
when studying for the final exam.

The embedded forums are typical for distance courses, including MOOCs. In general, online
forums are considered a primary means of interaction among learners and instructors.
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Though, Onah et al. (2017) doubted that forums are effective means of promoting
engagement and learning. They compared two delivery modes of forum participation. Results
indicated that forum use overall is low and that tutor-moderation may close down
participants’ discussion, while peer-support forums fail to offer adequate support.

2. Collaborative learning through an asynchronous online forum

2.1. Research strategy

The presented study draws on the action research strategy. Action research was introduced
by Kurt Lewin in the 1940s and later adopted and applied by many other educational
researchers, also in programming courses (Talib et al., 2017). The theory and practice of
action research comprise one or more iterations (cycles) with consecutive phases of planning,
acting, observing, and reflecting. As pointed out in (Cohen et al., 2007), the action research
can be cast into two simple stages: a diagnostic stage in which problems are analyzed, and
hypotheses developed; and a therapeutic stage in which the hypotheses are tested by a
consciously directed intervention or experiment in situ. The action research works on and
tries to solve real problems of everyday practice. It is often collaborative, seeks causes and
tries to work on those causes. The solutions (interventions) are planned, implemented, and
evaluated by the practitioners themselves.

2.2. The background context

The suggested collaborative activity was designed and examined within an introductory
programming course taught to in-service teachers studying informatics in order to extend
their qualification. There were 19 students enrolled in this course (13 women and 6 men), all
of them were novices to programming. The course is focused on fundamental concepts and
structures in Python (input and output, variables, data types, conditional statements, cycles,
random numbers, tkinter for drawing purposes) and takes one semester. As in many other
introductory programming courses, students find the subject difficult, mainly because of its
abstract, dynamic, and creative nature. During face-to-face lectures and laboratory exercises,
we prefer constructivist and inquiry-based learning activities. Students solve lots of problems
on their own (or guided by a teacher) and are encouraged to perform experiments or discuss
in groups. We use LMS Moodle (Moodle.org, 2021) for all e-learning activities. The final
exam is realized using the Moodle’s Test module.

2.3. The diagnostic stage

Our research was launched by noticing (also in other courses on programming taught at our
university), that many students are afraid of their final exams and feel rather isolated and
stressed while studying at home individually. Although students, who were successful in
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hands-on programming assignments during the whole semester, express the lack of
confidence after seeing a sample test for the first time. While analyzing data logged by the
Moodle system during previous years, we found out, that most students use textual materials
for reviewing the course’s content and almost all of them try to solve the sample tests. Even
multiple attempts are common, though the correct answers are provided immediately after
the very first attempt is finished. We always evaluate the exam results with each student
separately in order to identify causes of the errors made and explain the correct solutions. It
turned out repeatedly, that many students tend to memorize sample questions and correct
answers. While solving the exam test, such students have difficulties to recognize analogies,
do not apply their knowledge effectively and are more likely to fail.

2.4. The therapeutic stage

To help students to overcome the reported learning problems, we planned and implemented
two interventions, one after another. During the first cycle preceding the actual study (with
other 13 students attending the same course at that time), we focused on taking a sample test
together with students in order to demonstrate an expert’s way of thinking as well as some
problem-solving strategies potentially useful for the upcoming exam test. Though students
appreciated the activity a lot, the informal post-exam interviews as well the test results’
analysis showed that most students may need some additional distance guidance to achieve
better results.

2.4.1. Planning an intervention

During the second cycle, we tried to supplement the previous intervention with such an online
activity that would guide students during their individual studying at home in a more
regulative manner. The main goal was to involve students in active learning and strengthen
the feel of being a friendly community member. Students were instructed to produce sample
test questions/tasks for others, and then use products of their classmates for their own
learning. We believed that such a social constructivist approach would be effective. To
provide some extrinsic motivation for students’ participation, best questions published by
students were promised to be included into the bank of test questions and so could be used
also during the real exam.

2.4.2. Implementing the intervention

Students were familiar with online forums, as we use them quite frequently. The settings
were made in the Forum module to avoid students from copying ideas of others (in Moodle,
the Questions and Answers discussion forum allows one to read the discussions’ content only
after contributing himself/herself first). After the very last lesson, the online forum was
opened for contributing over the period of 2,5 weeks (18 days). There were 5 topics chosen
for students and sample contributions were provided. The topics were selected so students
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could contribute in a creative way. After finishing the online activity, students took their final
exam. The timeline in Figure 1 shows the collaborative activity’s progress:

last lesson 18 days 7 days
y « Variables and
« 10 questions/tasks assignments « try to answer/solve e
« demonstrating an « Graphics contributed
expert's way of fundamentals questions/tasks X
thinking « Cycles {for) . verify solutions by a
« instructions for the « vl hil running programs
successive online A e.s _(W ile) incuded in m
phase « Conditional contributions
statements
face-to-face online online

Figure 1. Three phases of the collaborative learning activity.

2.4.3. Evaluating the intervention

The 17 out of 19 students participated in the online forum actively, 2 students did not access
the forum at all (due to personal reasons, the activity was not compulsory). Every participant
contributed to every topic and published 5 questions/tasks. The final collection included 85
students’ contributions and 15 contributions added by their teacher (as samples and to cover
two other topics from the course’s content).

Table 1. The quality of students’ contributions.

Average Average

. Number of .
Topic L. quality exam
contributions

score score
Variables and assignments 17 1.82 2.65
Graphics fundamentals 17 1.88 1.94
Cycles (for) 17 1.41 2.82
Cycles (while) 17 1.41 2.82
Conditional statements 17 1.35 3.00

In Table 1, results of the products’ analysis are summarized (but not to present any
correlations). The quality of contributions was judged and coded with integers (0 = sample
was misunderstood, so the related contribution was inappropriate, 1 = contribution provided
an analogy of the sample, 2 = contribution modified the sample in a more creative way).
During exam, students were rather successful in answering all types of questions as their
average scores were mostly over 2.6 (out of the maximum 3 points per question). The first
topic provided students opportunity to use various operators and multiple variables of
different types. In graphics-oriented questions, students tried to surprise their colleagues with
funny and nice graphical outputs. The contributions concerned with remaining topics on
cycles and conditions were adhering to a common template in most cases. In general, quality
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of students’ products was satisfactory to be included in a shared collection and used as a
study material.

Within the post-exam short interviews, we asked every student to reflect her/his home study
activities pursued over the previous weeks. All 17 students (active participants) considered
the collaborative learning activity based on using the online forum beneficial. The logs’
analysis revealed some details about students’ online behavior. The Moodle system monitors
all interactions of students within an online forum. For our purposes, only discussion views
and post creations were needed to count. Figure 2 depicts the number of logs on individual
days during the contributing period (days 1-18) as well as the following study period (days
19-25).

100

NUMBER OF LOGS
38

20

Figure 2. Students’ online behavior throughout the online phases.

The activity of students accelerated in both phases during the very last days (11 participants
contributed to all topics during one session on a single day, 5 participants needed 2 days,
1 participant published his contributions during a 3-day period). To confirm students’ interest
in contributions of others, we also checked their returns to forums’ topics after completing
their contributing phase. On average, 8.29 additional sessions were identified, which implies
that students did use the material for study purposes. Students were also asked to describe
the process of creating and using the common product verbally. Their responses confirmed
our hypothesis. While preparing a contribution, one had to think of a problem, consider the
proper notation and verify the intended result using the Python’s interpreter (most students
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were running their pieces of code repeatedly before publishing the final version). While
studying contributions of others, students were verifying solutions the same way.

The overall results of the exam test were satisfactory (slightly but not significantly better than
in previous years or in other courses), the average score reached 22.47 out of 30. As the main
goal of the suggested intervention was to provide students with assistance and foster
motivation, we found the intervention effective. To support this conclusion, we state some of
the participants’ reflections expressed during the post-exam interviews:

e Sl1: “The collection of questions we created was great, I will archive it and use later
with my own students. I was checking the forum almost every day.”

e  S3:“I spent much time with preparing the question on graphics. But some questions
were simple for me, I did not need to solve everything.”

e S5: “The topics on cycles were most important for me. I have finally learned how
to trace the variables’ values on paper.”

e S6: “Seeing others’ activity was motivation for me to participate actively. My
contributions were rather minimalistic, but without publishing, I would not see
contents of the collection.”

e S12:“Some questions were alike, so I skipped them. I solved all of the problems on
variables and cycles though.”

e S13: “The sample contributions were helpful. First, I thought I would just change
the numbers, but it was quite challenging to prepare something original.”

e S16: “This was a very good idea. I felt like I am doing something meaningful.”

e S17: “Topics were ok, but some contributions were not formatted well, so I had to
copy the notation to my Python editor first to understand what is going on.”

3. Conclusion

After observing students’ learning problems, we came up with intervention of the online
collaborative activity. The intervention was evaluated deeply using both, qualitative and
quantitative methods. The main criterion for concluding the intervention’s effectiveness was
whether there would be a positive shift in students’ learning process while studying at home.
Students found the activity as being beneficial for them. The analysis of logs and
contributions of students documented their real involvement well. To create and solve new
instances of test questions/tasks, the application of higher-order thinking skills was needed.

The learning scenario described in this paper provides a verified framework for designing
similar collaborative activities. It is applicable mainly in problem-oriented areas of study
(e. g. in natural sciences or engineering education). In our study, the group of collaborating
students was small. Number of students is critical as the huge number of questions or tasks
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could be overwhelming. Some students underestimated the formal aspect of their work and
did not refine contributions’ format after pasting their source code into the forum’s embedded
editor. We recommend teachers to train the “rules of posting” with students practically before
starting the contributing phase, so they could realize the differences better. The collection of
questions/tasks prepared by students was used also later, in a course on didactics, where
students discussed the quality of contributions in order to cultivate their critical thinking.

This research was supported by project KEGA 018UMB-4/2020.
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Abstract

Kinaesthetic learning is expressed when physical actions are used to connect
concept development to reality, for example through model building, trial and
error practice, or role-play interactions. Learning through a kinaesthetic
modality is highly effective and complementary to other learning modalities.
Recent advances in gamification for education have increased access to
science simulations and learning online. However, the transfer of offline
kinaesthetic techniques to online learning remains under-researched and
poorly implemented on affordable, scalable platforms. Here we describe an
accessible approach for educators on how to incorporate online kinaesthetic
aspects into lessons through use of a scalable and affordable framework
developed called the ‘Kinaesthetic Learning System’ (KLS). This framework
should be of particular use for learning complex molecular life science topics
but can be adapted and modified independently by the educator to address
different knowledge levels and for expansion to other disciplines.

Keywords:  Kinaesthetic;,  e-learning;,  education;  online-learning;
biochemistry; life science.

This work is licensed under a Creative Commons License CC BY-NC-ND 4.0
Editorial Universitat Politécnica de Valéncia 153



Development and Evaluation of Online Approaches for Improved Kinaesthetic Learning in Science

1. Introduction

The human brain is an extraordinarily complex organ that employs multiple cortical
structures to process, store and integrate information, through multiple sensory systems (Kolb
& Whishaw, 1996). When multiple areas of the brain are engaged by a task, learning is
significantly increased by comparison with learning through one sensory modality such as
reading alone or listening alone (Mayer, 2003). Digital technology potentially offers
significant advantages over traditional learning approaches as it has the capability to provide
increased opportunities for better engagement of multiple cognitive centres of the brain.
However, the majority of third level education (University level) content on digital platforms
is based on visual and auditory delivery but typically neglects kinaesthetic aspects. The latter
offers an approach to engage additional sensory neural elements and thus enhances the
efficacy of learning.

Kinaesthetic learning (KL) or tactile learning occurs when a person uses physical actions to
connect concept development to reality, such as through the medium of model building, trial
and error practice or role-play interactions. As such, it is easier to recognise kinaesthetic
learning rather than define it, but an apt definition is provided by Balasubramaniam and Indhu
(2016) which states that “Kinaesthetic (K) learners prefer to learn by connecting to reality
and they acquire information through experience and practice.” (p.16)

KL is significantly under-developed for third level online learning in comparison to other
learning modalities, namely reading/writing (RW), visual (V) and auditory (A). The major
advances in software, hardware and cloud computing systems in recent years has made the
prospect of developing online education material enhanced through the application of KL
increasingly feasible. The learning of molecular sciences at third level is particularly
challenging due to new concept density and the sub-microscopic nature of molecules which
makes visualisation very difficult. Consequently, the learning of molecular sciences stand to
gain significantly through kinaesthetic approaches.

2. The case for online kinaesthetic learning based on neuroscience

Studies on basic nervous systems have demonstrated how multiple parts of the neural system
are capable of learning (Kolb &Whishaw, 1996; Bedecarrats, Chen, Pearce, Cai, Glanzman,
2018). This infers that the different neural areas are capable of different neural memories.
The visual system, for example, can retain memory for colour, shape, and movement. Kolb
and Wishaw outline how neural areas can be further subdivided for memory and interlinked
with different regions of the brain to process incoming information from multiple stimuli.
With the brain’s capacity to collect information and store it in such a variety of memory
formats, it becomes apparent why learning increases when multiple regions of the brain are
engaged in a learning task.
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In systemic terms, information from the body and external environment is carried to the brain
along sensory axons emanating from sensory organs such as the ears, eyes, and skin. Motor
nerves controlling all bodily movement run from the motor cortex to the rest of the body in
the opposite direction of sensory axons (Kolb & Whishaw, 1996). From an evolutionary
standpoint, this integration of physical and cognitive neural structures, as activated during
KL, allows a more efficient means of processing information. For example, consider how
much easier it is to demonstrate how to undo a zip compared with having to write out a step-
by-step guide or give a detailed oral account of the action. A kinaesthetic approach to online
learning that mimics the physical act of demonstrating how something works, has the
potential to successfully integrate KL and digital technology for enhanced education.

A final factor to support KL is to understand the role of the cerebellum, one of the oldest
regions of the brain in evolutionary terms. The cerebellum is responsible for procedural
memory and motor control, and co-ordinates fine movements with learning (Crossman &
Neary, 1995). The cerebellum links learning and movement in a way that may be accessed
through KL approaches that are physical and practiced during a learning task and may
contribute to making learning more intuitive.

3. Designing a kinaesthetic approach to online learning

Research on kinaesthetic approaches to online learning is sparse and has been limited by the
lack of technological platforms. Digital technologies are now sufficiently advanced to
support kinaesthetic approaches. However, development and optimisation of KL is necessary
to validate and underpin its widespread adoption. Design of the individual elements suitable
for incorporation into KL approaches should draw from the well-established work of Mayer
and others who have identified and validated instructional guidelines for optimal online
learning. The key aspects of these guidelines are outlined in Table 1 below.
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Table 1. E-learning guidelines for the development of online lessons

Guidelines Authors
Spatial contiguity effect:
Position relevant text beside informative pictures (Clark & Mayer, 2003)
Multimedia effect: o (Mayer,2003; Sankey, Birch, Gardiner,
Present lessons in a multimedia format 2011)

Coherence effect:
Keep content specific with no extraneous details (Mayer, 2003)

Personalisation effect:

Use conversational language rather than formal (Mayer, 2003)

Perspective Principal:

View online lessons from 1st person perspective (Fiorella et al., 2017)

Segmenting Principal:
Facilitate paced learning & design navigational controls (Clark & Mayer, 2008)

Deliver audio with diagrams or animation but not with
both text and diagrams (Clark & Mayer, 2008)

Facilitate interactions with online learning content & teSt(Gegner Mackay, Mayer, 2009; Saadé
with difficult concepts Morin, Thomas, 2012)

Provide dual cues for recall e.g., visual with auditory (Xie, Mayer, Wang, Zhou, 2018)

3.1 Defining the framework

A methodical effort was applied toward developing an accessible kinaesthetic learning
system suitable for online platforms. A set of criteria was generated to guide development of
such a system and is outlined in Table 2.
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Table 2. Criteria for development of a Kinaesthetic Learning System (KLS) for online platforms

List of Criteria for a KLS

User friendly, affordable, adaptable, scalable, and expandable

Simple design that lends itself to reproduction in accessible formats

High engagement to maintain interest and attention

Facilitate assessment

Facilitate long-term learning

Present incremental challenges to the learner

Amenable to the application of scientific research methodology i.e., design, build, test, repeat
Be a true translation of traditional kinaesthetic learning approaches

Be amenable to measurable evaluation

There are many potential platforms that could support kinaesthetic approaches. Presentation
software programmes typically have many features that could support KL including mouse
or touchpad directed movement of objects, read/write, visual, audio and animation aspects.
PowerPoint is a well-developed and widely used programme in this category and is highly
accessible across education sectors. Thus, it can be considered a suitable platform for
exploring kinaesthetic based lesson development.

3.2. Exploring Kinaesthetic Learning using a Complex Topic in Molecular Science

The Lac Operon in E. coli is a paradigm for gene regulation and is a complex and well
elucidated genetic system and a typical core element of the molecular life sciences
curriculum. The Lac Operon lesson is a conceptually difficult and challenging science topic
and was chosen as a test case to explore development of approaches that meet the criteria
outlined (Table 2).

Narrative for the Lac Operon lesson was developed for KL and various layouts of text and
diagram elements were explored. The topic was initially broken down into stepwise segments
covering over 40 concepts and reconstructed into a stepwise narrative to facilitate KL. Over
30 illustrations were created, with each illustration representing an individual element of the
operon. Each element was imported into PowerPoint as icons that the students could move
about independently onscreen and within PowerPoint slides, through use of a mouse, tracker
pad or touchscreen. This facilitated the construction of different snapshots representing key
gene regulatory events in the operation of the Lac Operon. The generation of multiple,
independent icons also facilitated creation of a full animated version of the Lac Operon (link
to animation: https://youtu.be/Mti917fDKwc) and enabled the building of different scenario
diagrams for the operon that could be assembled and disassembled in a kinaesthetic manner.
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The independent icon aspect of the design facilitates numerous kinaesthetic approaches
compatible with PowerPoint. Two approaches that utilised a “guided assembly” and an
“unguided assembly” were selected for development with the lesson and several iterations of
these approaches were examined. The final iteration of the “guided assembly” approach
chosen involved providing a boxed set of icons in random order at the top of a PowerPoint
slide for a given Lac Operon scenario. A diagram outline of the scenario was provided in the
lower part of the slide with placeholder prompts for specific icons. This enabled
implementation of the kinaesthetic aspect by clicking and dragging the relevant icons from
the box into position over the correct placeholder.

The “unguided assembly” involved provision of a boxed set of icons for a Lac Operon
scenario enabling implementation of the kinaesthetic aspect by assembling a diagram of the
scenario in the space below the box but without the aid of placeholder prompts, according to
a set of instructions. Essentially, both conditions enable a student to work independently in
PowerPoint and to interact with the Lac Operon lesson by reassembling various scenarios at
their own pace. This design facilitated the building of multiple levels of difficulty by altering
the level of prompts/instructions provided and/or the range of icons deposited in the box.
This overall design is directly applicable to the numerous molecular and biochemical process
that are central to the molecular life sciences. Moreover, although not covered here, it can
also be easily adapted to offer an alternative to traditional forms of assessment.

Feasibility testing of this format with a cohort of 40 undergraduate medical students was
carried out using an early iteration of the KL PowerPoint lesson containing features as
outlined in Section 3.2, paragraph 2, but which did not include a video aspect. The layout of
the PowerPoint included introductory instruction slides on how to navigate and interact with
the lesson. Lesson notes appeared on the left of each slide with descriptive illustrations
matching the text on the right. The wordcount for the main text body of the lesson, excluding
introductory slides, headings and diagram labels was approximately 1,700 and was split
across 7 slides. This represents a complete one hour foundational third level science lesson
on the Lac Operon and as such, is more suitably realistic for developing and testing the KLS.

Each static lesson slide was followed by an interactive task slide (7 in total) containing
identical text and illustrations from the previous slide. Illustrations on the task slide were
moveable for guided assembly through use of a tracker pad, mouse, or touchscreen. It was
observed that students who used a mouse found the interaction easier than those who used a
tracker pad or touchscreen, but all students were able to complete the study and assembly
tasks within the allotted time frame of 25 minutes. Some students participated on their mobile
phones but most participated on laptops. Students using PCs reported less technical
difficulties in navigating PowerPoint than those using Mac devices. Key feedback
improvements taken on board from the student cohort led to the following improvements in
the KLS:
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e Provision of improved instructions for navigating the lesson

e Provision of detailed stepwise information on how to use PowerPoint (as
the level of PowerPoint knowledge varied)

e Reduction in the complexity of diagrams by reducing schematic content in
favour of illustrative

e Incorporation of a video made from animated lesson icons and lesson notes
to provide an overview of the lesson prior to study

4. Discussion and Conclusion

The molecular sciences are dense with theories and abstract concepts that cannot be readily
visualised. Consequently, learning of the molecular sciences is particularly challenging by
comparison with subjects which can be readily visualised. For example, anatomy contains
familiar concepts (e.g., digestion) which can be explained using relatable visuals and familiar
terminology (e.g., cells). Contrast this with the molecular life sciences replete with unfamiliar
concepts (e.g., ionotropic receptor activation), which are generally represented as schematic
visuals with basic shapes, intertwined with arrows and taught using alien terminology (e.g.,
cyclic adenosine monophosphate). Molecular science learning is hampered by the common
use of abstract language and visuals to explain abstract processes and accordingly, reduces
the relatability of the subject matter. KLS is a framework with the potential to address the
challenge of making molecular science more relatable and tangible for learning.

Students can use the visual and interactive aspect of KL assembly to engage in various lesson
scenarios, study them repeatedly if they so choose and at their own pace, in a manner that
supports intrinsic processing (Mayer RE, Hegarty M, Mayer S, Campbell J, 2005) while
minimising cognitive overload. This addresses one of the major advantages that static, paper-
based learning has retained over computer-based learning thus far. Students using the KL
assembly approach in PowerPoint do not require prior knowledge of the lesson content as
they can interact with onscreen content in a stepwise manner in tandem with learning as they
proceed through the slides. This enables a faster process of knowledge attainment for the
student and reduces the time an educator must spend introducing the background information
for a topic. A key aspect of the KL assembly design is that it facilitates the rapid assessment
of student engagement, as judged by the level of correctly assembled scenarios, prior to
examining students via traditional assessment formats.

Several successful translations of kinaesthetic approaches to online learning do exist in the
form of simulations for laboratory science (for example, the ‘Anatomage Table’
(https://www.anatomage.com/table/). However, the majority of these simulations do not meet
the KLS criteria outlined, particularly with respect to adaptability, affordability, simplicity in
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design and user directed expandability. The KLS outlined here offers a framework which
educators can use to develop, adapt, and build bespoke KL assembly approaches for
enhancing their lesson material and to customise these to match the level and ability of their
learner cohorts.

In conclusion, our work demonstrates how the format developed is feasible for integrating a
KL approach into complex molecular life sciences. Adopting, evolving, and evaluating these
approaches will enhance their efficacy going forward.
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Abstract

In the context of the global Covid-19 crisis, a practical introductory
Geosciences course was redesigned to aid student learning in a 100% virtual
format. New materials were created to i) improve disciplinary language range
and concept acquisition; ii) make classes more dynamic; iii) provide tools for
self-regulated learning and assessment and iv) maintain student motivation.
Usefulness of the new materials was evaluated using a voluntary online survey
that was answered by 40% of the students. Additional information was
obtained from the university's student evaluation survey.

All tools were well-rated, but self-assessment quizzes and class presentations
had the highest overall scores. Students commented on their usefulness in
terms of knowledge acquisition and self-assessment. Perhaps not surprisingly,
self-assessment quizzes were the one tool students felt kept them more
motivated. These were closely followed by class presentations and short in-
class quizzes. Students found the online access to all lesson materials very
useful for self-paced learning. According to a majority of students, the in-class
quizzes and student participation using the digital the whiteboard made classes
more dynamic.

Overall, the new strategies succeeded in improving students' learning and
independence, but more work is needed to make classes more dynamic, and
especially to improve student motivation. Intrinsic motivation is perhaps the
most difficult to improve because in a 100% virtual course, it is difficult to
promote student-student interactions and receive visual feedback from the
class. In view of the survey results, we introduce bonus activities in order to
improve extrinsic motivation.

Keywords: Online teaching; independent learning; intrinsic and extrinsic
motivation, self-assessment, self-paced learning.
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1. Introduction

Due to the Covid-19 global crisis, many undergraduate programs have had to undergo a
drastic shift from in-person classroom teaching to online synchronic lectures (e.g. Baber
2020). In view of the need to redesign the course for online teaching, we created new
materials to address several key issues for the learning process, namely language and concept
acquisition, dynamization, self-regulated learning and motivation. Not being able to
demonstrate concepts using hands-on group activities has made it very challenging to keep
the student population motivated. It is difficult to make online classes dynamic because of
the lack of direct participation and spontaneous interaction among students (Huguet et al.
2020) in large remote-learning groups. Moreover, the diversity of the student population
makes it difficult to tap into intrinsic motivation and address the differing levels of previous
knowledge in an integrated way. Other challenges, such as the fact that not all students have
consistent access to a computer or stable internet connection, became apparent at the end of
the first semester of 2020 during the strict Covid-19 nationwide lockdown, which in
Colombia lasted over 6 months. Therefore, the course redesign needed to include asynchronic
tools to promote autonomy and allow students to self-regulate their learning.

There are some arguments in favor of online learning, such as flexibility and autonomy of
the learning process (e.g. Baber, 2020). However, distance learning, especially in the current
lockdown context, can result in students feeling unmotivated and isolated, which lowers their
academic performance (Baber, 2020): these issues were identified by UNIANDES in several
surveys given to students throughout 2020. Science knowledge building must address both
intrinsic and extrinsic motivation, and students are more motivated, and learn better, by
interacting with classmates and teachers (e.g. Glyn et al., 2009; Bergmann & Sams, 2012).

In the online version of the course, we addressed extrinsic motivation by giving short, very
frequent activities that represented a small fraction of the course grade, and by reducing the
weight of single evaluations such as exams. This was done to lower anxiety (Glyn et al, 2009)
and to provide more opportunities for students to receive feedback and encourage a sustained
effort throughout the course. Intrinsic motivation was perhaps the most challenging part of
the course redesign, since we needed to create opportunities for interaction while in isolation,
and emphasize the relevance of the course for non-geoscience majors. Because the course is
still 100% virtual (and will likely continue to be until at least 2022), it was crucial to evaluate
the overall impact of the newly created materials. We wanted to see how the redesigned tools
had influenced new language and concept acquisition. We also evaluated which materials
were considered most useful for students to assess their progress during the course, make the
course more dynamic and keep learners motivated. Students were asked to participate in a
voluntary online survey, in addition to the institutional student surveys, to help us identify
areas of improvement.
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2. Methods

In the context of the covid-19 worldwide pandemic, an undergraduate geoscience course was
redesigned from an in-person hands-on course to a 100% online format starting in March
2020. Several new tools were created based on the existing literature, and courses provided
by pedagogy and technology experts at UNIANDES as well as online platforms. The surveys
were designed to assess the students' perception of the usefulness of the tools and whether
they had influenced their motivation.

2.1. New tools introduced

Class Presentations: Presentations were redesigned to include in each class a list of contents
and a glossary of the relevant geoscience terminology and main concepts. A list of ten
questions was given at the end, so students could assess their understanding of key concepts
when reviewing the material. Videos and short articles were also provided within each
presentation to complement and broaden professors' explanations.

In-class quizzes: Each class included a formative assessment, consisting of multiple choice
or true/false questions that were delivered during or at the end of the class by means of online
surveys that could be answered anonymously. The correct answers were discussed in class,
providing immediate feedback.

Post-class self-assessment quizzes: Each lesson had at least 10 questions online that were
available from the day of the class presentation onwards and could be done as many times as
required by the student. Those questions were designed to be more challenging than the ones
in class, calling for the application of novel concepts to specific cases, and in some cases for
a revision of the materials provided in class. Students saw only one question at a time and
had to complete the quiz in order to get feedback. Feedback was given in the form of correct
answers and the reasons why the other answers were incorrect.

2.2. Evaluation of tools

We designed an online survey using QualtricsXM (https://www.qualtrics.com/) to assess the
usefulness of each material in addressing our five aims. The survey was delivered at the end
of the course, and obtained 144 responses from a pool of 357 students. Since participation in
the survey was voluntary, and students are required to complete the general university survey
for each course as well, we were pleased that 40% of the students participated.
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3. Results and discussion

3.1. New language and concept acquisition

A remarkable decline in the vocabulary of university students has been reported, which is
even more pronounced for discipline-specific language (Caratozzolo et al, 2019; Twenge et
al., 2019). The acquisition of appropriate scientific-disciplinary language is key for
professional development and one of the skills regularly requested by employers
(Caratozzolo et al, 2019). Hence, one of our aims was to broaden students’ Geoscience
lexicon. While we expected the glossary at the end of each class to have a prominent role in
discipline-specific language acquisition, students found the tool to be only 74% effective
(Fig. 1a). Instead, the self-assessments and class presentations were rated as 80% and 85%
effective respectively, in improving geoscience language acquisition (Fig. 1a). We believe
this may be because students learn new language and concepts better within a context than
when given an explicit vocabulary list to learn. The way in which new vocabulary is delivered
is key, it has been shown that the timing (before, during or after) is not as important as the
manner in which a content area is delivered (Memory, 1990).

For new concept acquisition, students highlighted the relevance of the self-assessment
quizzes (84%) and class presentations (85%) (Fig. 1b). We believe that the class presentations
serve two complementary functions: the professor explains new concepts, and examples are
given in a context that helps student’s understanding. Both purposes fall within the first levels
of Bloom’s taxonomy (Bloom & Krathwohl, 1956), which are necessary but not sufficient.
This was then complemented by the the self-assessment quizzes, which were designed to
challenge the students to integrate and apply the newly acquired concepts. The self-
assessments therefore target the higher levels of Bloom’s pyramid (Bloom & Krathwohl,
1956), thus providing a full spectrum of learning opportunities for students.

3.2. Self-assessment of learning

Students’ self-assessment is fundamental for meaningful deep learning, self-regulated
learning and metacognitive skills development (Orsmond and Merry, 2013). Especially in
the current Covid-19 context, it is important to empower students to be independent and
evaluate their own knowledge acquisition (Orsmond and Merry, 2013). The opportunity to
evaluate understanding outside of the formal grading context helps reduce students' anxiety
when undertaking graded evaluations (e.g. Glyn et al, 2009).

Students rated the self-assessments as 87.8% effective at tracking their learning (Fig. 1c¢).
Learners especially valued being able to access self-assessment quizzes whenever they
needed, repeat them as many times as they wanted, and always obtain feedback on their
responses. They said it was very useful to prepare for exams, since it gave them a “safe”
exam-like environment to test their conceptual understanding. This tool was purely self-
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regulated and independent, so one downside was that teachers did not have access to
information on student performance, and could not take any action on that front.

In-class questions and quizzes for which instant feedback was provided were also highly
valued (73%; Fig. 1¢) in terms of self-assessment. Since they were completed within the
class, students could see if they needed to go over some concepts again, or proceed directly
to the more challenging post-class self-assessment quizzes. Some students also viewed these
short quizzes as a kind of summary of the key concepts seen during class, and that helped
them identify possible gaps in their knowledge acquisition. Questions and quizzes in class
also gave the teacher the opportunity to track students' understanding of the concepts, correct
misconceptions and emphasize key ideas covered in the lesson. In this case, the limitation
was that only students who attended the classes synchronically could take full advantage of
these tools. However, the questions and answers were also recorded, so some students
reported them to be useful when viewing the recorded classes asynchronically.

3.3. Making online classes more dynamic

Even though some students commented that online classes were tedious and repetitive,
several of the designed tools were useful to improve the flow and class dynamic (Fig. 1d).

In-class quizzes were again rated the highest for making the course more dynamic (74%)
closely followed by the list of questions at the end of the class presentations and the post-
class self-assessment quizzes (71%) (Fig. 1d). To our surprise, some students suggested
increasing the number of non-graded quizzes. This was unexpected, since one of the requests
from the university was to markedly reduce student load during the Covid-19 crisis.

Virtual classes were rated as 67% useful for making the course dynamic (Fig. 1d), which is
not a bad result considering that in-person classes include hands-on activities and materials
that could not be used in the virtual version of the course.

Although the virtual whiteboard was not included in the set of tools we designed, it was
mentioned several times in the comments of the university survey of student perceptions. The
opportunity to use the virtual whiteboard to answer questions posed by the teacher was
perceived to make the online classes more dynamic. We noted that during in-person classes
students were often reluctant to participate verbally or using the board, but the online version
provided anonymity, which increased students' willingness to participate and take the risk of
answering questions. This was an unexpected benefit of the virtual format.
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3.4. Motivation

Generally, motivation can be divided into intrinsic and extrinsic (Ryan & Deci, 2000).
Intrinsic motivation happens when the individual considers the information interesting,
relevant and enjoyable, whilst extrinsic motivation is related to a specific outcome (such as
grades) (Ryan & Deci, 2000). Science knowledge-building must address both intrinsic and
extrinsic motivation to be truly successful (Ryan & Deci, 2000), and students are more
motivated, and learn better, by interacting with classmates and teachers (e.g. Glyn et al. 2009;
Bergmann & Sams, 2012). As educators, we aim to engage students in learning in class in
order to motivate them to continue learning on their own (e.g. Van Der Hoeven Kraft et al.,
2011). We feel that increasing motivation was the goal we addressed less effectively:
students perceived most of the new tools as not particularly effective for increasing
motivation (Fig. 1e). Self-assessment quizzes (66.8 %) and class presentations (66%) got the
highest evaluation, compared to the other tools (Fig. 1¢) but where still in the lowest range.

Class presentations included numerous examples, images and videos that were designed to
capture the students' attention. Several students commented on the university survey that
being able to access recordings of the classes and review the contents of the presentations
motivated them to learn and work on their own. Some also mentioned that having additional
videos with in-depth explanations motivated students to learn more on the subject and to
explore other sources independently. Thus, it seems intrinsic motivation to learn was fostered
by this tool. Learning science for its own sake (intrinsic motivation) is not the general driver
in this course since most students will only take it because it is compulsory. Nonetheless,
some students commented that they felt the course content was engaging and relevant to their
everyday life, which helped keep them motivated. Many of the students are engineers, thus
including examples relevant to engineering, and “surprising facts” was found increase
intrinsic motivation.

4. Conclusions

Overall, the “forced” online version of the course was positively evaluated by the students,
with most of the newly-introduced tools considered successful in improving learning. Further
work is needed to make online classes more dynamic, interactive, and motivating.

The self-assessment quizzes received the highest overall rating, as they were useful not only
for keeping track of progress independently, but also for reducing assessment anxiety,
increasing motivation, making classes more dynamic and for learning new vocabulary and
concepts.

Class presentations were also very well rated especially for acquiring new knowledge and
keeping students engaged.
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In order to address some of these issues we are increasing the number of interactive activities
involving the digital whiteboard, as students seem more willing to interact with the teacher
and each other in an anonymous virtual setting. We also further reduced the weight of graded
individual homework assignments and exams, and included some optional activities that
contribute to an overall bonus mark. It has always been impossible to achieve a perfect score
(5) in this course, so we hope that a 5% bonus will contribute to extrinsic motivation.
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Abstract

In early 2020, the transition of large classes from the face-to-face to the online
context occurred overnight and at scale at a time when the crisis was being
faced at all levels of society, nationally and internationally.

This paper is based on research which examined the impact of this sudden
transition on large classes in Dublin City University with a view to
illuminating the experience to inform future practice (Authors., in press). A
rapid, systemised review of literature was carried out with the aim of
contextualising data gathered through surveys with staff and students in
relation to our experience of moving large classes online in the early stages of
the Covid-19 pandemic. While the study examined the impact from the
perspectives of teaching staff and students, this paper reports on the
perspectives of teaching staff only. Large class teachers found this experience
challenging, reporting a sense of isolation and worry. However, it would seem
that opportunity was seen in the face of adversity, whereby staff have identified
potential for better ways of doing things going forward as a result of their
experiences between March and May 2020
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1. Introduction

Technology-enhanced learning (TEL) and a greater flexibility in programme delivery are
highlighted as indicators of success/progress in Dublin City University’s (DCU) strategic
plan 2017-2022 (DCU, 2017). The swift pivot of face-to-face programmes to the online
environment as a result of Covid-19 created a situation whereby students and staff had to
engage with a teaching and learning context reliant on technology. The transition of classes
from the face-to-face to the online context occurred overnight and at scale at a time when the
crisis was being faced at all levels of society, nationally and internationally. Therefore,
online teaching and learning in this context could not be the same as planned online courses
because the former was reactive in nature at a time of crisis while the latter is usually
underpinned by evidence based best practices regarding online pedagogy (Eaton, 2020;
Hodges et al., 2020) . These practices include development of social, teacher and cognitive
presence through carefully designed engagement pathways and activities (Ni Shé et al.,
2019); embedding universal design for learning (UDL) to enhance inclusion of all learners
online (Kumar & Wideman, 2014); and the provision of appropriate professional
development for teachers embarking on the online teaching journey (Farrell et al., 2020) .

Teaching staff have, by default, learned new skills and been forced to (re)consider pedagogy.
At the ecarly stages of the pandemic, teaching staff were forced to fashion solutions quickly
and under pressure (Hodges et al., 2020); a unique situation which was swift, often under-
resourced and characterised by lack of planning (Smith & Hornsby, 2020). The acquisition
of online teaching skills was rapid and at scale as the majority of classes, programmes and
modules transitioned online simultaneously. For large class cohorts, the renewed focus on
pedagogical practice awakened by the pandemic is welcome, challenging assumptions and
providing an opportunity to reimagine the experience of teaching and learning for large
groups (Authors., in press). The problems with class size are not embedded in the scale per
se but rather in the pedagogical approaches chosen (Hornsby, 2020). Basic pedagogical
principles such as good planning, being systematic, developing authentic assessment
practices are important as much for teaching large classes (Exeter et al., 2010) as they are for
teaching online.

2. Methodology
The purpose of this research project was:

e To shed light on the sudden transition of DCU’s large classes (100+ students) from
the face-to-face teaching and learning setting to the online environment in March
2020 from the perspectives of staff and students.
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e To contextualise the findings arising from the examination of the transition referred
to above by reviewing relevant literature.

e To inform the work (a) of academics in DCU teaching large-class cohorts and (b) of
DCU’s academic developers and learning technologists, supporting them in this
endeavour, as large programmes and modules move online in the forthcoming
academic year.

The research approach was evaluative in nature, with the aim of illuminating the innovation
(Parlett & Hamilton, 1972) of moving large classes online from a range of perspectives in
the DCU context and in the wider, international context. Data were collected from three key
sources: (1) a rapid, systematised review of relevant literature; (2) surveys of DCU students
and staff who experienced the recent pivot of their large classes online; and (3) information
relating to the Teaching Enhancement Unit (TEU) teaching supports provided to staff during
the period March-June 2020. The scope of the project was determined by the tight timeline
for the project itself and by the urgency of providing guidance by September at the latest. so
that it could be used by DCU staff as they moved large-class modules online for the new
semester (January 2021).

2.1. Literature Review

From the outset, reviewing the literature was conceptualised as a data gathering process,
informing the research questions rather than an exercise in providing a rationale for the study
per se. To that end, the approach to reviewing the literature was systematic, although due to
time the constraints of (a) the project itself and (b) the phenomenon under investigation, it
was not possible to conduct a systematic review in its purest sense. The principles
underpinning the literature review were as follows:

e To gather together and examine what was already known, understood and
experienced by others (Gough et al., 2021) in relation to each element of the focus
of this study i.e. large classes, online teaching and learning and inclusion of all
learners.

e To gather a range of perspectives to gain an understanding of how the two key
pedagogical phenomena under investigation (large classes and the sudden pivot to
online learning) were experienced by others and how they approached the
challenges arising (Gough et al., 2021). This was particularly important in relation
to the sudden pivot online, hence we searched for material through the more
unconventional social media route, Twitter to ensure we were accessing a range of
perspectives.
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e To utilise a systematic approach to searching the literature which would minimise
bias while simultaneously providing clarity (Cornish, 2015), taking the tight time-
frame into account.

e To balance the more formulaic systematised searching approach with the
interpretive voice of the authors (Booth et al., 2021).

In terms of the swift pivot from face-to-face to online teaching and learning experienced
globally by the higher education community since March, it was deemed likely that there
would be little value in looking for ‘evidence’ of best practice in that circumstance but rather,
the value in reviewing the literature was to take account of the context and complexity of the
situation (Cornish, 2015).

The approach finally adopted can best be described as a combination of a rapid and a
systematised review; the completeness of the former determined by time constraints and the
latter characterised by a systematic process, stopping short of a systematic review (Grant &
Booth, 2009). This rapid, systemised review was conducted between 15 July and 30 August
2020, focusing on the following key areas:

e Large classes in higher education

e Inclusive approaches to designing learning

e Perspectives on the recent and sudden pivot from the face-to-face to online teaching
and learning context

e Existing key DCU research reports relevant to the focus of this study

2.2. Staff and student survey design

Staff were surveyed using a questionnaire comprising open and closed questions. The
research team decided to use questionnaires to maximise reach to the staff and student body
to ensure inclusion of as many perspectives as possible. Questionnaires for both staff and
students were developed between May and June. Both versions were piloted with two staff
and two students respectively; time did not allow for inclusion of more pilot participants.
Feedback from the pilot participants was used to amend and refine aspects of each
questionnaire. Google Forms was used as the platform for the questionnaire.

2.3. Teaching supports

Both the self-paced resources from our staff support page and the synchronous sessions
involve the use of electronic systems that capture data about those that engage with them. As
the TEU is responsible for the provision of these resources and offerings, these data were
explored to enhance the synthesis of the data arising from the surveys.

174 3



Mark Anthony Glynn, Ann Marie Farrell, Karen Buckley, Rob Lowney, Sean Smyth, Suzanne Stone

3. Findings & Discussion

Findings are reported from the perspectives of staff only for the purposes of this paper. Full
report on findings may be found in the research report (Farrell et al., in press).

Table 1. Class sizes of staff respondents.

‘What best describe the size Staff
of your large class(es)?
100-200 students 29

201-300 students

301-400 students

More than 400

Total 47

47 out of 350 staff that teach large classes responded to the survey. Only three of the 47 staff
respondents indicated that they had not used Moodle, the university VLE, before moving
online in March. Fifty-five per cent (n=26) staff respondents reported having prior experience
of teaching online; however, the depth and breadth of that experience was not explored in the
survey.

Using a Likert scale, staff were asked to indicate their comfort levels in terms of teaching
online with 73% (n=34) indicating higher levels of worry about teaching their large classes
online at the beginning of the emergency transition. Perhaps unsurprisingly, 70% (n=33)
indicated that they lacked confidence about teaching their large classes online, with at least
half of these identifying as being at the lower end of the scale. Interestingly, despite feeling
worried and unconfident, staff indicated that they did feel competent to teach their large
classes online with 40 staff respondents indicating feeling competent in their ability to carry
out their work in the new environment. However, they did indicate that they were more
worried about moving their large class cohorts online than they were about smaller groups
with 89% (n=42) indicating medium to high concerns.

When asked if using Zoom was a challenge, 74% (n=35) disagreed that it was, with 26 of
these respondents strongly disagreeing. This seems to indicate that the use of Zoom as the
‘classroom’ was not a key factor in contributing to the challenge experienced by staff in terms
of synchronous teaching. The perceived lack of challenge in using Zoom may possibly be
attributed to the support staff received in using the platform; 78% (n=37) disagreed that lack
of support was a challenge although 80% (n=38) indicated that finding the time to attend
training sessions was challenging. 85% of staff revealed a very strong feeling of disconnect
with the student cohort and it may be likely that this is a factor relating to the perception of
staff that they struggled with synchronous teaching. At least two-thirds of staff strongly
agreed that transferring tasks online was a key challenge.
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Staff views mirrored those of students in terms of their perception that the main advantages
of online learning were the provision of additional online resources (36%, n=17) and the
opportunity for students to engage with materials asynchronously (21%, n=10). Some staff
also reported that the chat function enabled greater participation with the large class cohort.

Staff were asked open questions regarding what elements of teaching they believed remained
the same and what changed when they moved their large classes online. Table 2 provides an
overview of the key themes emerging from the analysis of that qualitative data.

Table 2. Staff perceptions of changed and unchanged elements of teaching large classes online.

Unchanged elements of teaching Changed elements of teaching

large classes online large classes online

Content being covered 34 Less personal interaction 24

Presentation 13 Harder to adapt delivery to 2
students’ needs

Very few similarities 5 Student participation 21

Getting students engaged 4 Less student participation 9

Those staff members teaching large classes did not engage as much with Zoom LSSP
resources as staff teaching in other contexts. This is possibly due to the fact that there was
more asynchronous engagement planned for large class cohorts than for smaller groups.
Furthermore, very large classes (over 300) could not be hosted on Zoom Meetings so all
engagement was likely to have been asynchronous for those cohorts. Interestingly, the
highest ranked resource was that supporting Loop’s Gradebook, indicating perhaps that
assessment is a key area requiring staff support regardless of class size. Almost all staff
reported that the summative assessment for their large class groups had changed partly (49%,
n=23) or entirely (19%, n=9) as a result of the move online. With the future in mind staff and
students were asked to consider recommendations and suggestions for each of teaching,
learning, assessments and technical supports for the next semester. The reason was twofold:
acknowledging that Covid-19 would likely still impact in some way at least in the immediate
future but also to identify what are the elements of teaching online that can be continued
when we return to face to face teaching. Respondents identified a very wide range of areas
for improvement. The staff who responded to suggestions regarding learning going forward,
tended to make recommendations for their own pedagogical approaches as they had when
considering teaching rather than suggesting approaches students might make to enhance their
learning in the online space.

4. Conclusions

Emergency online teaching is distinctly different to planned online teaching. Despite this
research being conducted in relation to the emergency pivot online there is an opportunity
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for DCU to learn from the experiences of the crisis to inform pedagogy (Persky et al., 2020)
at institutional, faculty, school, programme and individual academic levels. The feedback
from staff and students during this pandemic can help inform both our teaching and our
academic staff development going forward.

Staff indicated a sense of disconnect i.e. cameras turned off during synchronous sessions;
lack of student engagement, lack of peer interaction generally and specifically in relation to
tasks; and lack of feedback on tasks. It would seem that the importance of teachers being
explicit in terms of their expectations of synchronous and asynchronous engagement cannot
be overemphasized.

Each of these issues can be addressed through application of the community of inquiry model
- teacher presence, social presence and cognitive presence (Garrison et al., 1999). The authors
would argue that teacher presence in face-to-face teaching of large classes is equally relevant
and its importance is often overlooked. However, creating a sense of community and
belonging in large classes can be difficult. Students can feel anonymous in large classes,
isolated and uncomfortable asking questions in front of their classmates. The major lesson
learnt from this research and the recommendation from this research is that the
implementation of the same variety of approaches to foster teacher presence in an online
environment should be used teaching large classes face to face. The VLE plays a crucial role
in implementing the community of inquiry model and as such the second recommendation is
that sufficient CPD and support is provided to staff teaching large classes to help optimise
the use of the VLE.

In conclusion it would seem that opportunity was seen in the face of adversity, whereby both
students and staff have identified potential for better ways of doing things as a result of their
experiences between March and May which may be useful going forward, regardless of face-
to-face or online contexts. As an institution we must equally see the opportunity and address
the concerns raised as part of this research through staff development thereby helping the
university meet goals of the university strategic plan.
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1. Introduction

Different studies explain why online journalism has been one of the main driving forces in
the renovation of study plans for Communication over the last decades (Tejedor, 2006;
Larrondo & Peia, 2018; etc.). By focussing on one specific case of teaching innovation, this
paper seeks to justify the suitability of subjects about online journalism for innovating the
university training of communicators via the so-called “affective turn” of the social sciences
(Ticineto and Halley, 2007). As far as emotional training is concerned, from a basic and
general viewpoint, this is a requisite that seems to be especially important in work
environments such as that of online journalists. Here, strategies of newsroom convergence
within the Communication Groups and the strategy of multi-channel content marks the need
to work in multidisciplinary groups, with diverse work profiles, in a constantly changing
environment where emotional tools are extremely useful — motivation, active listening, team
vision, etc.

This work is supported by a double premise. On the one hand, the idea that emotions are a
basic resource for working in online and converging newsrooms: the online journalist is a
mediator with a service function and emotional qualities that are difficult to substitute by
increasingly present journalistic robots. On the other hand, the idea that (online) journalism
is a tool capable of generating emotions and raising awareness about the main socio-
economic problems that influence society, from the perspective of global initiatives such as
Agenda 2030 and the Sustainable Development Goals (SDG).

2. Emotions and journalism: educational challenges

The interest in emotional discourses are dependent on current society in which the expression
of emotions is made easier by the use of connected technological devices. These are
considered “affective machines” and, in the specific case of social media, are even thought
of as “affective technologies” with a capacity to reconfigure current conceptions about liberal
democracies. There has also been talk of an “affective society” (Belli, Harré and Iiiguez,
2010).

Whilst it may be true that journalism should be supported by values such as objectivity and
impartiality, in some cases the expression “emotional journalism” has been linked to an
unethical kind of journalism, dictated by sentiment and prejudice, a kind of journalism that
is partial or not very objective. Literature, cinema and television have been responsible for
spreading clichés that have reinforced an image of the journalist who uses emotion
negatively, and so it is not surprising that society holds contradictory opinions about these
professionals. Be that as it may, in this work we refer to emotional journalism as an empathic,
feeling journalism along the lines of the recent contributions from authors like Skare (2020).
To mention just one example, in news concerning gender injustice an emotional journalism
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capable of moving the public has proved to be extremely useful. It is worth remembering also
that the relationship with sources via social media has made these relationships more and
more emotional, as highlighted in the research carried out by Sanchez & Mendes (2013).

To speak of emotional educational competences in journalism therefore implies working in
favour of the creation of an emotional awareness in students and future communicators. Some
authors also speak of encouraging abilities linked to journalists” Emotional Intelligence (EI).
As Paloma Sanchez explains (2012), EI contemplates various areas or components, among
which are highlighted: a) the capacity for group organisation and effort coordination among
people, personal connections, i.e. empathy for favouring contact with others; b) recognition
and respect of feelings and interests, which, in short, leads to a command of the art of
relationships; and c) the ability to detect and sense people’s feelings, motives and interests,
a knowledge that usually promotes the establishment and deepening of relationships with
others (Sanchez, 2012).

EI conditions and influences the abilities, capacities and skills necessary for the correct
practice of the journalist profession. Sanchez’s work reflects on the significant role that
emotional intelligence plays in the development of the interview genre on the part of the
journalist. From a more global perspective, Oscar Herrero’s book (2016) — La ventana
interior. Inteligencia emocional aplicada al periodismo (The internal mirror. Emotional
intelligence applied to journalism) — also examines the influence of emotional intelligence in
the development of this professional activity.Thus emotional intelligence becomes a
compliment to a purely theoretical and procedural or technical knowledge. For Herrero,
journalists’ emotional skills help them when it comes to elaborating and creating news.
According to this same author, while integrity helps journalists to be rigorous with data,
empathy helps them identify the concerns of others and deal with subjects that have real
social relevance.

These emotional skills are directly related to journalistic ethics and creativity, given that
emotional intelligence in journalists also implies the motivation and self-esteem to innovate
(Dueiias, 2002). Such emotional skills can be perceived, therefore, in many of the Transversal
Competences that many Faculties promote in their Communication study plans.

Emotional competences can have a more individual facet (personal skills) and another more
social one (social skills). For online journalists, individual competences are important to
function in the work environment in this professional field (confidence and an adequate
assessment of oneself, understanding and recognition of one’s own feelings, etc.), whilst
those of a more social nature would have a bigger impact on their function and role of service
to society, i.e. those which derive from an attitude of empathy towards others (a capacity to
anticipate society’s needs, a capacity to understand the interests and needs of the public, the
need to give a voice to the voiceless etc.).
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Applying the model of components that Goleman (1999) considers make up EI in the field
of journalism, it could be concluded that journalists that have a greater emotional intelligence
are also more capable of communicating better, of being team leaders and working
cooperatively, of influencing others and solving conflicts. Goleman’s model is interesting
because it applies emotional development not only to the personal, but also to the
organisational field. In this sense, the following statement by Goleman could also be applied
to the field of communication and journalism in a context in which the media companies tend
to converge into multimedia teams and in which there is more and more talk of the need to
recuperate journalistic values, such as the search for truth and an in-depth, reflexive
journalism which is above and beyond the consumption of fast journalism: “With their
emphasis on flexibility, teams and a strong leaning towards service, emotional competences
will be more and more decisive in obtaining excellence”(Goleman, 1999: 52). As Sanchez
states (2012: 124), “the development of emotional intelligence competences in the journalism
profession is necessary because all communicative processes are influenced by intrapersonal
intelligence”.

3. Analysis

3.1. Context: pedagogical innovation in (online) journalism via SDGs

Within this context of constant technological, communicative and pedagogic adaptation, the
University of the Basque Country introduced during the 2011/2012 academic year, the
subject “Online News Writing”, an obligatory subject in the second year of Degrees in
Audiovisual Communication, Journalism and Advertising and Public Relations. Since its
introduction, this subject has sought to strengthen those skills necessary for creating
messages adapted to the characteristics and possibilities of online news media, in real time,
and for working collaboratively to develop online journalistic projects with a multi-platform
and social perspective. Thus, this subject develops a didactic approach related with content
and genre (news, report, infographics, feature, interview...), narrative styles (multimedia,
transmedia...) and formats (text, video, audio, image, etc.). From a general theoretical point
of view, the subject aims to offer the necessary resources for “learning to learn” about web
culture and familiarise the student with the increasingly more complex media ecosystem of
the Internet. In fact, online journalism professionals are renowned for their creative capacity
and their innovation.

The subject of Online News Writing (UPV/EHU) has become a hotbed of pedagogic
innovation in the last decade and has been the object of four Educational Innovation Projects
(PIE), all developed by the KZ-Berri Gureiker Group (IT1112-16), of the University of the
Basque Country (UPV/EHU). This paper gives an account of the latest of these projects,
entitled “Teaching to communicate in and for a globalised world. Promotion of Transversal

182



Ainara Larrondo Ureta, Jesus A'ngel Pérez Dasilva, Koldobika Meso Ayerdi, Simon Peria Fernandez

Competences (TC) and Sustainable Development Goals (SDG) in learning based on
enterprising transmedia projects”.

3.2. Methodology

The aim of the project is to propose value-added methodological formulae to update the
university teaching of the Specific Competences (SC) of the subject, linked to multimedia
online journalistic formats and genres via the development of Transversal Competences (TC)
for the development of a more responsible, sensitized and critical vision of online journalists
in relation to current social problems connected to a global and digitalised public. More
specifically, the project has sought to implement six of the TCs indicated by the UPV/EHU
(2019): Innovation and Enterprise; Social Commitment; Ethics and Professional
Responsibility; News Management and a Digital Public; Critical Thought; and Teamwork.

As aresult, this subject began, in the 2020/2021 academic year, to take advantage of different
teaching methodologies to transmit the theoretical-practical content linked to the practice of
journalism in the new environment, and to train online journalists in values and emotions.
These methodologies included Project Based Learning (PBL), useful for simulating real
professional environments. It is not surprising that previous studies have made clear the need
to already begin practising teamwork at university with real projects (television programmes,
specific radio, reports...) that help students “to begin learning to work in this profession, so
as not to find themselves, as currently happens, without experience in team management
when they start their first job (Sanchez, 2012: 211).

Over the first four months of the 2020/2021 year, teaching staff who cover the subject in the
different groups (Spanish, Basque and English) have used PBL for the cooperative creation
of multimedia reports about subjects linked to SDGs. This kind of in-depth project entailed
individual and cooperative work strategies. The development of this type of project has
sought to instil in students professional values such as responsibility, teamwork, self-
sufficiency and empathy with readers in the online environment, with the aim of teaching
how to apply new creative approaches to the solving of current problems in the field of
communication. Among these problems it is worth highlighting mainly the tendency towards
rapid, instant news (fast journalism), lacking in depth and, in many cases with sensationalist
and commercial traits, as is shown by the expansion of phenomena such as clickbait. This is
centred on the diffusion of headlines that do not seek to inform but to capture the reader’s
attention like a fish to a hook, by generating an emotional reaction that leads him or her to
click on that information.

We are currently in times of many changes that involve intense
transformations. It is true that, perhaps, journalism has partly forgotten its
role of power guard dog, but this has coincided with a relaxation that can be
felt in the whole of society. Entertainment has eaten away at information and,
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when this finds a space, it is nearly always of rapid consumption. Evasion takes
precedence over reflection. In this context, it is not easy to provide quality news
that has been worked in depth. Even so, we must continue with a commitment
to providing content that isn’t consumed in 30 seconds and that is more than a
mere number of “clicks” (Herrero, 2017)

The UNESCO (2019) approach to Sustainable Development Goals and the media places
emphasis on the thematic agenda and the treatment of the news, but also on other directly
related issues, such as journalistic education. In this regard, the UNESCO refers to the
importance of generating “inclusive approaches aimed at strengthening journalism
throughout the world”. The UNESCO recognises the importance of promoting didactic
methodologies for university education, the aim of which is to develop future communicators
with a conscience and an appreciation of the treatment of subjects related to SDGs, such as
that of the aforementioned UPV/EHU project.

In order to carry out pedagogic innovation in the subject of Online News Writing, groups of
four students worked individually, collaboratively and cooperatively both inside and outside
the classroom to conceive, plan and produce news reports or websites whose aim was the in-
depth treatment of subjects linked to SDGs. Each work sub-group undertook the following
tasks, organised in phases:

1. Preparation phase/Hackathon (collective innovation). The sub-groups work to think
together and identify opportunities for innovation and the launching of public
interest reports with different approaches (thematic hyperspecialisation in SDG,
microtargetting, etc.).

2. Analysis and exploration phase. Each sub-group must assess the interest of the
report in relation to the market and the current media business, viability, etc.

3. Product development phase (report, docuweb, special web, etc.). Each in-depth
news product (website or special report) will be extended towards other media or
communicative fields (transmedia approach) via public presentations, classroom
debates, podcasts, etc. The initiative also considered the promotion of these
experiences via social media, together with management and application for the
development of different tools for the creation of news timelines, infographics and
interactive images, among others. Two illustrative examples of the developed
products are shown below.

3.3. Results and final reflections

During the 2020/2021 academic year, over fifty cooperative multimedia reports were
produced, either directly or transversally linked to SDGs. To assess the degree of interest in
the proposed methodology of pedagogic innovation, in the last few weeks of the Online News
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Writing subject (December 2020 — January 2021) a questionnaire consisting of fifteen open
and closed questions was given to all the students participating in the multimedia reports.
Opinions were also gathered from the teaching staff involved in the initiative. The 158
questionnaires completed in the project reflected the need for working on aspects linked to
the coordination of work groups on all levels, such as emotional training for future (online)
journalists, approaching and addressing the subject agenda or coverage from a social
commitment perspective. The results of the questionnaires show there is a great interest in
working with SDGs in the classroom in order to achieve greater student involvement in their
own training process, and in the generation of a specific identity as online journalists
committed to their service role in a complex, internationalised or global society.

IT IS EVERYONE'S ISSUE

SEASSUE

THIS IS WHAT IT LOOK(
LIKE ON THE OUT.

Figure 1. An example of the multimedia report created by the students.
(SDG fourteen: Conserve and sustainably use the oceans, seas and marine
resources for sustainable development) Source: https://seassue.wixsite.com/seassue

In view of the results obtained from the questionnaires and the majority percentages, it is
possible to summarise some main ideas. On the one hand, the aims of the use of report is
appropriate for working with SDGs, and the work and experience in the classroom has served
to increase the students’ level of empathy and awareness. This advance is especially notable
in the case of problems linked to gender inequality and poverty (fifth SDG). At the same
time, they have recognised that working with the SDGs has allowed them to promote the
transversal competences highlighted in our teaching innovation proposal: Innovation, Social
Commitment, Ethics and Professional Responsibility, News Management and a Digital
Public, Critical Thought and Teamwork. Innovation was necessary to try to find different,
original approaches regarding these subjects when they had already been dealt with by other
news media. Likewise, news management was necessary when it came to prioritising the
news provided by digital source documents and personal sources.
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The students maintain that they are now more conscious of the importance of certain subjects
and treatments for transmitting to a global audience powerful, quality news capable of
fostering action and achieving the development aims established by the UNESCO. What’s
more, some of the comments make it clear that these subjects have had a great “impact” on
these students. Similarly, the surveyed students recognise having increased their level of
perception or awareness about the kind of treatment given by the media to these aims and
their subject matter, which is still limited according to general opinion. What can be seen
from the opinions given is the relevance of this methodology for making students reflect and
move away from an excessive dependency on, or collusion with official sources in favour of
another type of source and groups of interest (NGOs, neighbourhood associations, social
movements, etc.).

Ultimately, at a time when there is a call for a more responsible journalism (committed to
gender equality, sustainability, etc.) against an instantaneous, fragmented and sometimes
superficial or sensationalist news, this paper shows that the consideration of SDGs within a
context of journalistic education is effective. Online journalism needs trained professionals
to respond to the constraints of current audiences. To this end, competences such as the ability
to “move” and engage via subjects, which are of interest to the public are relevant, such as
those linked to the seventeen SDGs. This initiative thus reveals the interest in and need to
recuperate the social function of (online) journalism by applying the tendency of “affective
turn” in Social Sciences and in higher education.
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Abstract

The COVID 19 pandemic is a worldwide phenomenon: On the one hand, it
poses challenges to all social subsystems, on the other, it tests the extent to
which they can cope with such situations. This is also the case in higher edu-
cation. In this context, digitization, which has been driven forward in the field
for years, provides approaches and instruments for adapting to such situations
by converting the system as far as possible to operation in virtual space. This
has been done in many places in universities and universities of applied sci-
ences. It remains to be seen how this is perceived by those involved.

Therefore, the following article addresses the question: To what extent has the
conversion of teaching and learning as a result of the restrictions on teaching
caused by COVID 19 worked from the point of view of the teachers? To answer
it, this paper presents empirical results of an online survey among teachers of
the Cooperation Network for Risk, Safety & Security Studies (CONRIS). The
results indicate a broad use of various digital tools for teaching and commu-
nication with students, but also deficits in the area of crisis structures as well

as in social regards.
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1. Introduction/Background

The COVID 19 pandemic is a critical situation that is challenging for all social subsystems
worldwide since the end of 2019 or the beginning of 2020. One consequence is that all sys-
tems are put to the test in terms of their ability to adapt adequately to such a situation, it tests
the extent to which the systems can cope with such situations and continue with their societal
functions and tasks. This is also the case in education (Bozkurt & Sharma 2020; Daniel 2020;
Mohmmed et al. 2020; Pascault et al. 2020), and here particularly higher education at uni-
versities and universities of applied sciences. Tools and approaches that the process of digit-
ization brought years ago in the area of teaching and learning, seemed promising as relatively
efficient solutions that could be implemented quickly. Converting the system as quick and as
far as possible to operations in virtual space was probably an important strategy in many
higher educational institutions (HEIs), not least because “Many governments have ordered
institutions to cease face-to-face instruction for most of their students, requiring them to
switch, almost overnight, to online teaching and virtual education.” (Daniel 2020, 91). This
has been done in many places in universities and universities of applied sciences, for example
in Europe in March 2020 (c.f. Boer 2021). In this context a diversity of education formats —
or even just different descriptive adjectives for these formats in some cases — like digital,
distance, online or even emergency remote teaching appeared and have been discussed
(Hodges et al. 2020; Milman 2020; Mohmmed et al. 2020; Pascault et al. 2020; Schiitte et
al. 2020). But during a crisis situation like COVID 19, however, the higher education system
is not only confronted with questions about (partly new or shifting of) teaching and learning
formats. The handling of such a crisis, e.g. in the context of crisis management and commu-
nication in different crisis phases, is also a challenge. Accordingly, staff members were pos-
sibly not only teachers who were in demand in terms of their flexibility, content-related and
methodological adaptability, but also as a kind of crisis manager who acted and communi-
cated at the interface between the organization and the students. It remains to be seen how
this is perceived by those involved. Therefore, the following article addresses the question:

To what extent has the conversion of teaching and learning as a result of the restrictions on
teaching caused by COVID 19 worked from the point of view of the teachers?

This question was raised and further developed during a workshop of the Cooperation Net-
work for Risk, Safety & Security Studies (CONRIS). The CONRIS network started in 2007
as CONRIS in higher education, meaning universities and universities of applied sciences.
The goal was, and is, to share knowledge across Europe concerning these study fields. Mem-
bers of CONRIS meet regularly (twice a year) and organize a summer school every year.
Currently, CONRIS is active in 12 countries from North to South and from Eastern to West-
ern Europe, 18 partner universities and universities of applied sciences participate in the net-
work (more info on www.conris.eu).
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In order to answer the question posed further above, the decision was made to conduct an
online survey among the CONRIS members. This paper presents the obtained empirical re-
sults which indicate a broad use of various digital tools for teaching and communication with
students, but also deficits in the area of crisis management structures as well as in social
regards. After some methodological explanations (section 2), selected survey findings are
presented (section 3) and a few theses and conclusions are formulated (section 4).

2. Online-survey in the European network CONRIS

2.1. Online-survey-method — Technical and content-related aspects

The survey was firstly developed in close cooperation between the Artesis Plantijn University
of Applied Sciences and Arts in Antwerp, Belgium and the Chair of Public Safety and Emer-
gency Management of the University of Wuppertal, Germany. The target group of the survey
was primarily lecturers and academic respectively teaching staff in the institutions organized
in CONRIS. In a second step, the survey developed at the two institutions mentioned above
was made available to the members of the network in order to collect and incorporate the
relevant feedback. Subsequently, the survey was then transferred into a digital survey tool
and made available to the CONRIS network members for answering for a period of four
weeks. This means that the survey ran from mid-October to mid-November 2020.

The questionnaire is divided into a general section to collect the basic statistical data of the
universities, such as the country and the type of institution (university, university of applied
sciences). The same section specifically collects information on teaching at HEIs prior to the
pandemic. The following section attempts to capture the timing of the response as well as the
actual response of the HEIs to the occurrence of the pandemic. Following this, the question-
naire aims to capture specifically how lecturers conducted their teaching in the context of the
pandemic. In addition to asking how they communicated with students, subjectively per-
ceived difficulties and challenges for the teaching staff are of particular interest here. Fur-
thermore, the tools used as well as the availability of technical equipment in the homeoffice
were surveyed. The questionnaire concludes with a block of questions about possible options
for a restart of the classical (presence-based) teaching concept after the pandemic.

There were different types of questions. The majority of the questions contained an option
for additional comments in order to give the lecturers and teaching staff sufficient opportunity
to bring their own perspective to the foreground, which was the subject of scientific interest
here. After completion of the survey, the results were transferred from the online tool to
SPSS, where, after cleaning the raw data, they were subjected to a quantitative evaluation,
which was supplemented with a manual qualitative evaluation.
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2.2. Sample and analysis method

The final sample includes ninety cases after choosing only those providing enough infor-
mation for the analysis. A majority of the respondents work at a German HEIs (39%). They
are followed by employees of universities in Croatia (17%), Belgium (12%), the Netherlands
(12%) and Spain (9%). Only individual cases (<10) are located in Bulgaria, Finland and the
UK. Most of the respondents teach full-time students (83%). The distribution of the type of
university shows that a two-thirds majority works for a university of applied scienes (UAS)
(67%). The composition of the sample, in terms of thematic orientation, was predictable due
to the professional background of the CONRIS network. It shows that the Safety & Security
Sciences are particularly well represented (57%). This group is followed by the respondents,
who have a background in Social Sciences (13%) and Engineering Sciences (11%). There
are other disciplines represented as well, but due to their differentiation in the sample they
comprise less than 10 cases each.

Initially, the data was analyzed by descriptively presenting the composition of the sample.
All ninety cases were examined for evaluation. Using the visualization of the response be-
havior, conspicuous features are then examined more closely. In individual cases, a compar-
ison was made between the different types of universities to identify possible differences in
the handling of these crises. Subsequently, the open questions were checked for content and
then collectively grouped into categories to identify a trend. In the following, particular state-
ments are depicted as examples for individual categories. These statements and the remarks
from the open options for additional comments were marked as quotes and used to provide
(qualitative) support for results of the survey.

The present results should be treated with caution due to the small sample size. As the group
size was below 30 cases (for universities), individual group comparisons could not be per-
formed. Afterwards, redundant answers were summarized. However, this does not affect the
significance of the data. Double coding minimized the subjectivity of the data’s modifica-
tions. Due to the non-representative composition of the sample, the results can only be con-
ditionally applied to the entire field. Nevertheless, the results reveal first impressions of
teaching during the pandemic.

3. Communicating and teaching during COVID 19 pandemic — Selected empir-
ical results from the CONRIS survey and assumptions

3.1. General results

After restrictive measures were decided at the political level (see above), HEIs also had to
react. 50% of the respondents of the CONRIS survey referred to the fact that their organiza-
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tions chose for a total lockdown, 42% chose for a teaching lockdown with practice on cam-
pus, apart from some other types of ‘partial’ lockdown. Most of the surveyed teaching staff
answered that they followed the rules of their institution, also meaning that unclear rules had
been challenging in the situation (c.f. Boer 2021; Jung et al. 2021). The following quote
indicates that: “Lots of time passed until the crisis management has been worked [sic!; au-
thor’s comment: working].” But elsewhere things went well: “Followed the procedures as
planned, without any big problems”. In a lot of cases, the conversions of presence-based
teaching and learning into virtual spaces took place at the beginning or even short before the
start of the semester (c.f. Boer 2021). It meant that some form of crisis communication had
to take place between HEIs and students e.g. in order to inform the latter about digital proce-
dures, new distance-teaching and -learning formats, etc. That is why the next section presents
results on communication, before results on teaching are discussed in the last section of the
chapter.

3.2. Communication

Some questions of the survey referred explicitely to the use of crisis communication and
teaching plans in order to handle the first phase of the COVID 19 crisis. More than 50% of
the surveyed teaching staff indicated that they ‘don’t know’ or ‘there is no plan’ for teaching
during crisis. Regarding the presence of a plan for crisis communication 34% answered ‘no’
or ‘don’t know’, while another 37% gave no answer which could be a hint that they also
‘don’t know’ (s. figure 1).

DID YOUR UNI/UAS HAD A PLAN FOR...

Yes mNo mDon'tknow Mn.a.

Figure 1. Crisis management plans. Source: own representation.
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The results may suggest that there is either a lack of awareness or of publicity regarding plans
for teaching and communication during crises, or even in some cases also an absence of such
plans. Thereby, the means the surveyed teachers used for communication varied. Most of
them communicated by video communication systems e.g. Zoom, MSTeams, or simply e-
mail. Similar channels were used at the beginning of the crisis for crisis communication as
well as ‘normal’ communication in the advanced crisis phase. Comparing the European re-
gions from which the respondents come, vague tendencies can be derived that similar reac-
tions concerning crisis communication can be identified everywhere as well as that similar
communication tools were used. Due to the small number of cases, however, these are at
most loose theses and not valid statements.

Although 21% of the questioned teaching staff felt their accessibility was worse than before
the COVID pandemic, the majority of the respondents perceived themselves as accessible for
students, probably due to the many means of communication available. The communication
seemed to be “easier” and there was “better availability for students during the day”, but
particularly, social aspects of personal physical or presence meetings and “spontaneous con-
tacts (...) were missing” (quotes from open options). The last point suggests a few aspects
that are supported by answers to an open question on challenges in teaching: besides some
hints to IT and technical issues, which seemed to be less relevant to the respondents, above
all social and organizational challenges were named, which the following quotes show: “The
communication plan changed so often (...). There was big uncertainty.” or “keeping students
‘on track’ and motivated” or even “To keep the amount of information acceptable”. They
point to inconsistent communication and planning on the side of the HEIs as well as motiva-
tional and emotional considerations on the teachers’ side towards their students.

3.3. Teaching

In terms of teaching, it becomes obvious that digital or online teaching was not new: Before
COVID 19, 31% of the respondents had at least digital support for presence-based teaching,
19 % were used to blended-learning and 30% to exclusively digital teaching. Regarding
teaching during the pandemic, the data shows that many types of learning methods were of-
fered, ranging from online teaching, video-call groups up to students giving online presenta-
tions. When asked an open question about perceived lacks of/in teaching, the teachers’ an-
swers could be clustered into three categories: direct interaction/communication with
students, technical equipment, feedback/exchange with colleagues. Most answers could be
assigned to the category direct interaction/communication (absolute mentions = 35) (s. figure
2). Twelve of the answers addressed the lack of technical equipment such as "ergonomic
tools at home" or "2 big screens". One of the respondents illustrated the lack with the suffer-
ing answer “Video calling that doesn’t give you a headache”.
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“Direct contact, live
interaction with students,
eg. to be able to conduct
real life exercises”

“Feedback and
emotions sensed in
classroom”

Figure 2. Perceived lacks (quotes from the category "direct interaction/communication with students").
Source: own representation.

Only six answers could be assigned to the category feedback/exchange with colleagues (c.f.
Boer 2021). For example one respondent listed: "interaction, social contact, small talk, feed-
back, peer to peer communication".

These results also suggest that technical deficiencies are far less important to the surveyed
teachers than the lack of social aspects (c.f. Jung et al. 2021). In contrast, the respondents
perceived deficiencies on the part of their students primarily in technical issues like hardware,
network-bandwidth, software or a quiet space to work. Social aspects and e.g. competences
were mentioned less often. One explanation for this result could be that it is easier to perceive
concrete technical issues (because they are recognizable immediately) than (abstract) social
problems of other people. Since there were already further lockdown decisions shortly after
the CONRIS-survey and HEIs in many European countries still remain in exclusively online
teaching, it seems necessary to formulate a few conclusions and lessons learned for the fol-
low-up period.

4. Conclusions

Lesson Learned #1: Develop a crisis management plan and talk about it (before crisis
strikes): It seems that in HEIs plans for teaching and communicating in case of a crisis do
not exist everywhere, sometimes are not public or even unknown to the teaching staff. So
such plans are nothing which could be taken for granted in all of the HEIs (c.f. Jung ef al.
2021). But, thinking of literature and studies on (traditional) crisis management plans e.g. of
civil protection organizations such plans are widely regarded as necessary to prepare and
react on crises. Therefore, it seems obvious that teaching staff of HEIs who, as a type of crisis
manager, take on the role of liaison persons between organizations and students should be
equipped with fixed crisis management plans. Only then they are able to react appropriately
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and quickly. That is important because they represent the educating organization (e.g. uni-
versity). Therefore they should be equipped with plans to provide security and reliability to
students in uncertain and unpredictable situations (Bao 2020; Schiitte et al. 2020).

Lesson Learned #2: Do not underestimate influences of social aspects: Based on the men-
tioned results, it could be assumed that there are minor technical, but major organizational
and in particular social challenges as consequences of the situation and digitization in this
field — at least on the side of teaching staff HEIs. The use of diverse digital tools, channels,
platforms etc. is popular with teachers to teach and communicate. It also seems that the virtual
opportunities support the organizational adaptability of the organization. But, and this be-
comes slowly apparent after a longer duration of the crisis: Nothing replaces direct interaction
between teachers and students in presence (c.f. Eringfeld 2021).

Lesson Learned #3: Not everything that says "digital teaching" is actually digital teaching:
The majority of respondents uses at least digital support tools in teaching. They seem to have
been familiar with digital formats before the crisis as well. But how do these results fit to
accusations about incomplete digitization of the education system (as it is the case e.g. in
Germany)? How could potential discrepancies be explained? It could be seen as a hint that
research is needed to take a closer look at teaching. It should be explored deeper whether it
is just a temporary relabeling in terms of “online-teaching” or whether it is really a matter of
concepts regarding contents, methods, didactics, etc. that are adapted to virtual possibilities
(c.f. Eringfeld 2021).
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Abstract

This paper introduces a computer-based online scenario game that was
developed to enhance the learning of human resource management (HRM) in
an undergraduate course at a business school in Finland. What makes this
game unique is that students played an important and active role in developing
the game in collaboration with lecturers. Our findings show that the game
enhances learning, interaction, and collaboration among students. We discuss
how computer-based games and their development in collaboration with
students can be used as a means for learning and improving working-life skills
in higher education.

Keywords: Computer scenario game,; human resource management, game
development; collaboration; higher education.

This work is licensed under a Creative Commons License CC BY-NC-ND 4.0
Editorial Universitat Politécnica de Valéncia 199



HR scenario game: Learning human resource management in a virtual environment

1. Introduction

This paper introduces a computer-based online scenario game that was developed to enhance
the learning of human resources management (HRM) in an undergraduate course at a
business school in Finland. What makes this game unique is that students played an important
and active role in developing the game in collaboration with lecturers. Here, we discuss how
computer-based games and their development in collaboration with students can be used as
a means for learning in higher education.

The game provides a tool for learning about HRM content, processes, and decision making
in HR work. Digitalization, experientialism, collaboration, and combining practical and
theoretical knowledge were important ideas during the game’s creation and development.
Currently, the game is applied in a mass course that involves students from different faculties
and disciplines. Engaging students and providing them with participation possibilities as well
as written feedback are challenging in courses with dozens or even hundreds of students.
However, involving students in game development and facilitation supports their motivation,
collaboration skills, and working life capabilities (Cagiltay 2007, Hwang, Hung & Chen
2014). Moreover, active game development with students supports learning, belonging, and
collaboration for students as well as lecturers. These competences and skills are important
not only for individual students but also at the institutional level. For example, working in
multidisciplinary groups, using innovative digital platforms and tools in teaching, enhancing
student involvement as co-actors together with lecturers, developing students’ working life
capabilities in situations that simulate real-life situations, and continuous development of the
game can be seen as important learning objectives, skills, and competences for university
graduates. This online game can also be applied in online teaching, which has been important
during COVID-19, to provide opportunities to cooperate, interact, and have small group
discussions.

This HR scenario game, which aims to engage and group students, simulates practical
situations in real working life and prepares students to handle work-related decisions. Playing
the game engages students in considering and evaluating the consequences of certain
decisions from the managerial, organizational, and employee perspectives. Students play the
game and make decisions in small groups, which helps them understand different team roles
and objectives.

During the game, the student teams make decisions after taking on the role of a supervisor
working in a fast-growing IT company. They are presented with complicated HR situations,
such as those related to recruitment and employee wellbeing and development. Instead of
dichotomic (right vs. wrong) answer options, the student teams must consider the situations
from different perspectives and make decisions together on how to proceed.
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2. The scenario game as a pedagogical tool

This HR scenario game was developed for an undergraduate HRM course at a business school
in Finland as a tool to enhance students’ learning of HRM content and skills. The
development and use of the game were based on the constructionist learning approach, which
includes collaboration, the active role of learners, and combining theory and practice as its
central ideas (Tynjéld & Gijbels, 2012; Vlachopoulos & Makri, 2017). Playing the game in
collaboration with other students supports interactive learning, especially in virtual
environments (Garcia Garcia, Biencinto Lopez, Carpintero Molina, Expoésito Casas, & Ruiz
Morales, 2016), and the use of teams makes it possible to discuss and compare different
aspects and perspectives, enhances multidiscplinarity if the game is played in
multidisciplinary groups, and helps students apply theoretical and conceptual knowledge
learned during the course into practice (Wendel, Gutjahr, Gébel, & Steinmetz, 2013).

This HR scenario game is unique due to its development in active and continuous cooperation
with students and lecturers. Students played an important role in creating and developing the
content of and facilitating the game. Notably, collaborative learning was not limited to game
playing; rather, it also had an important role in the development of the game.

3. Introducing the HR scenario game

3.1. Game description

The HR scenario game (see Figure 1) was developed for an undergraduate HRM course at a
business school. The scenarios consist of eight different HRM content areas (strategic HRM,
recruitment practices, recruitment strategy, orientation, leadership, competence
development, wellbeing at work, remuneration, and international HRM). The scenarios in the
game were created based on an imaginary case company. Players of the game work as
supervisors in a five-year-old, fast-growing IT company. At the beginning of the game, the
players become familiar with the company’s details and current situation. The game was
developed to support students’ authentic learning experiences of HRM situations by
contextualizing the scenarios in the game through the imaginary case company. In addition,
having students identify themselves as supervisors gives them an active HR role.

3.2. Playing and facilitating the game

Around 400 students at the university and open university attend the course every year. The
students at the university represent 6 different faculties, and open university students
represent age variation from 18 to 65 years and working experience from trainee to senior
HRM professionals with several years of working experience. Thus, versatile backgrounds
of the students allow that all of them play the game during the course as members of
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multidisciplinary teams. The game’s creators have been teaching the course for several years,
and they developed the game to specifically support learning of the course’s HR content.

01 Strateginen HRM ja 02 Rekrytointi
henkiléstosuunnittelu

03 Rekrytointistrategiat 04 Perehdyttaminen

-/100
[ERES 06 Osaamisen kehittdminen

-/100
07 TyShyvinvointi 08 Suoriutumisen johtaminen
ja palkitseminen

09 Kansainvalinen HRM

© @& skenaariopelifi

< O

Figure 1. Screenshot of the scenario game Source: www.skenaariopeli.fi (2021).

The game, which is played in small groups (three to four students per team), is a mandatory
course assignment for all students. Students attend a demo session, which has game
facilitators (master-level students). In autumn 2020, the demo sessions were organized online
via Zoom. The students could choose between two demo sessions during which they were
randomly divided into small groups of three to four students. Random group division
automatically placed students into multidisciplinary groups, which represented different
faculties of the multidisciplinary university (e.g., business, education, humanities, IT,
science) and backgrounds at the open university (e.g. age, education, working experience).

During the game, the small groups played each scenario at least once. At its best, playing a
game can provide emotion-based experiences (Anolli, Mantovani, Confalonieri, Ascolese, &

202



Elina Riivari, Tommi Auvinen, Juhani Merilehto

Peveri, 2010), which can enliven other course materials (lectures, literature) and support the
achievement of course learning objectives. Before the students started to play, the game
facilitators advised the players to have active discussions with their team members while
solving the scenarios and taking notes during the game.

After the student teams finished the scenario game, they wrote a reflection report on their
learning experiences. In the reflective group report, the students were asked to discuss their
experiences and perceptions during the game and to analyze their decisions in the game based
on the course materials (literature and lectures). For example, they were advised to reflect on
what new information they learned, which scenario they found most interesting, difficult, or
confusing and why, and whether they had ever encountered some of the scenarios in their
personal lives, including how they reacted.

The game facilitators evaluated the group reports and wrote short feedback comments for
each group reflection report. The student teams also self-evaluated their learning, teamwork
and its results. The game facilitators were orientated to their role, and they received credits
and a certificate as a reward.

3.3. Collaborative development

This game is unique for its collaborative development and creation processes. Course
lecturers have been responsible for the game development process, but students have also
had important and active roles in the game’s creation and development. Master-level students
have participated in the game’s development by ideating new content and acting as game
facilitators during the course. This has allowed the graduate students to gain experience in
planning, organizing, and digitalized learning through implementing teamwork and
facilitating game playing sessions. They also participated in evaluating the game reflections.

4. Students’ experiences with the game

Next, we present student experiences from the game and discuss how computer-based games
and their development in collaboration with students can be used as a means for learning in
higher education. Student experiences were collected from reflection reports (altogether 60
reports, with 238 pages of text), and thematic analysis was applied to categorize the students’
experiences.

In their reflection reports, the students reported that the game had inspired them to discuss
the outcomes together and encouraged some development ideas. The students reported four
main themes: increased interaction, support of multidisciplinarity, deepened understanding,
and application of the course content (theoretical knowledge learned during the course).
Table 1 details these four themes.
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Table 1. Students’ experiences with the game.

Theme

Key elements for learning

Illustrative example

Increased
interaction

Support of
multidiscplinarity

Deepened
understanding

Application of
learned course
content

Deep group discussions
Combining their own experiences
Increased learning and remembering

Collaborative and action-based
opportunities for learning

Online group work and interaction
skills

Multidisciplinary groups as sources of
inspiration

A variety of viewpoints and
perspectives

Sharing their own experiences
Problem-solving and analytical skills
Concrete situations from working life

Understanding the role and tasks of an
HR professional

Highlighting special challenges in
HRM

The possibility of combining previous
experiences from working life with
theoretical knowledge

Increased motivation and
strengthening of previous HRM
knowledge

Increased interest in course content

Discovering an interest in HRM (a
specific area)

Combining theoretical and practical
knowledge

Creating new knowledge by adding to
their previous knowledge base

Action-based learning and real-life
situations from working life

Cooperating and discussing the questions in the
scenarios with the group helped us succeed in the
game. Playing the game was an informative learning
experience because the game was interesting and
challenged us to think. Playing the game in a group
increased the meaningfulness of gaming. The group
size of four people was perfect because we all had a
chance to offer our opinion and contribute to the
discussion (Group 17).

The questions in the game inspired us to consider the
situations from different perspectives. We noticed
that it is not always easy to find an answer to a simple
question. Situations are contextual in nature. The
game showed us that HRM covers a variety of areas,
and handling all these areas requires continuous
development and learning (Group 18).

The game gave us concrete examples of situations
that an HR manager can face and must address at
work. The game provided us with a wider
understanding of an HR manager’s role and deepened
our learning (Group 8).

Many members of our group already had experience
with the recruitment process, either as a recruitee or a
recruiter. The real-life experiences enriched our
teamwork and made it easier to understand and
discuss the themes and questions presented in the
scenario game (Group 18).

The game supported my learning and added to my
previous knowledge. I read the course book a lot and
learned more. I found certain themes from HRM that
really interest me. The game supported learning
because it made us consider and ponder HRM topics
and themes in a deeper manner. The game covered the
course topics well (Group 3).

The game challenged us to combine and apply
theoretical knowledge into practice. We really needed
to consider which answer would be correct based on
the theory (Group 7).
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5. Concluding remarks

This study described how a computer-based online scenario game can be applied in an
undergraduate HRM course and how its development and application can enhance students’
learning, collaboration, and interaction. As we have illustrated, the students appreciated the
interactive and collaborative aspects of the learning experience through the game. Especially
working, sharing experiences and discussing in small groups were important for increased
interaction and collaborative learning. Various backgrounds of students allowed students to
discuss different aspects and perspectives during the game play. Thus, multidisciplinarity
offered them not only increased interdisciplinary knowledge but sources of inspiration and
improved analytical and problem-solving skills.

The positive experiences with developing and using the game in teaching have encouraged
lecturers to the use of games in teaching at the higher education level as a means of enhancing
students’ learning, increasing their interest in the course content, and adding to their working-
life skills as business graduates and future experts in the field. The game is unique for its
collaborative development and creation processes where students have had an important role
as active game developers and facilitators. These positive experiences can encourage also
other higher education professionals to applying games in their teaching, and engaging and
offering participation possibilities to students during courses.
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Abstract

The push towards creative and active learning in higher education has gained
momentum in recent years, creating opportunities for innovative, student
focused approaches. The Covid-19 pandemic shifted the educational
landscape to the online world, propelling the need to create compelling
learning activities for students. While also fostering a sense of community and
facilitating both peer relationships and peer learning. This paper presents the
development and initial implementation of an innovative teaching tool, The
Virtual Shoe Salon, which is based on creative pedagogies and experiential
learning. The Virtual Shoe Salon has been implemented to embed stronger
skills in research and data analysis within the curriculum of our fashion
business courses. As a teaching method it can embrace both online and face to
face environments. Drawing from a theoretical foundation of material culture,
combined with an adaptation of the photovoice research approach, the salon
takes the ordinary, but expressive objects of shoes to engage students in
research and analysis through collaboration, conversation and peer to peer
learning. The paper presents the rationale for the Virtual Shoe Salon, and
findings from its implementation with 250 students. Subsequent evaluation and
reflection with both students and staff have evidenced the positive role of the
Virtual Shoe Salon in facilitating active and collaborative learning around
research and data analysis. While it has actively encouraged a dynamic and
collaborative learning environment, the Virtual Shoe Salon has initiated a
shared space underpinned by the sense of community and belonging for
students that Covid-19 had eroded.

Keywords: Research skills; data analysis, shoes; images; material culture;
collaborative learning.
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1. Introduction

The shoe, often considered to be the most ubiquitous of all clothing items, is well theorised
for expressing and mediating meaning for its wearer (Brydon, 1998). Existing research from
the fields of anthropology (Hockey, Dilley, Robinson & Sherlock, 2014) and sociology (Belk,
2003) acknowledges shoes as expressions of self. The nature of shoes as ordinary, mundane,
yet expressive objects, presented an intriguing case for their potential as a teaching tool for
undergraduate and postgraduate students, undertaking fashion business courses. So came the
idea for the Virtual Shoe Salon, a method for developing skills in research and data analysis
that could be used within our Fashion Management, Marketing and Communication courses,
with a view to evaluate its wider potential across disciplines. This paper presents the case for
the Virtual Shoe Salon and discusses its development, implementation and evaluation as a
creative and relatable tool for teaching approaches within the fields of qualitative research
methods and data analysis. While its initial purpose was to bring a more interactive and
experiential approach to teaching these subjects, it has also created a space for students to
share stories on identity, generating cultural awareness within the discipline and fostering a
sense of community and belonging, which the Covid-19 pandemic had impacted.

2. Educational context

The Virtual Shoe Salon responds to an institutional call to develop more inclusive and
personalised approaches within the curriculum, that could translate across the physical and
digital educational landscape. Ongoing curriculum reviews have evidenced the need for our
fashion business students to build stronger skills in qualitative research and the analysis of
real time data. Skills that will support the development of academic rigor but that are also
integral to their future employment. The World Economic Forum (2018) predicted that an
increase in data driven skills will be required in the changing landscape, and as educators this
presents an opportunity to reappraise how we can embed those skills within our curriculum.

The Covid-19 pandemic forced higher education institutions to suspend face to face teaching
in the Spring of 2020 and to create online learning environments that could facilitate student
engagement and inclusive learning (Wahab, 2020), while encouraging a sense of belonging
(Read, Archer & Leathwood, 2003). While this sudden change to the academic year brought
unprecedented challenges, with little time to plan for a fully online curriculum (Mishra,
Gupta & Shree, 2020), it also presented opportunities for creating innovative, student led
approaches to learning, and it is this which the Virtual Shoe Salon responds to.
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3. The Virtual Shoe Salon

As an ethnographic researcher who uses photography, interviews and narrative storytelling
around shoes and clothing in her own work, the author has noted the benefits to students of
applying a research led approach to teaching qualitative research methods and approaches
for data analysis. Course and module level student evaluations have highlighted the value
and enjoyment that many students say they have gained from learning about process through
real world research data. However, these previous approaches have focused more on the
listening through lectures model, followed by seminar discussions, rather than encouraging
students to create their own data through which they can interact collaboratively with the
process and outcome. The pedagogical approach that underpins The Virtual Shoe Salon is
the continued recognition of the value of creativity in fostering learning within higher
education (Gustina & Sweet, 2014). Creative pedagogies that are experientially defined are
known to stimulate student engagement, through discovery and the co-creation of knowledge
(Deniston-Trochta, 2003). As successful learning is facilitated through the activation of
different senses (Biggs & Tang, 2007); applying an experiential and interactive approach to
the teaching of research and data analysis should facilitate and encourage student
participation through problem-solving and the co-creation of knowledge.

The Virtual Shoe Salon is realised through a workshop activity focused around student led
research, collaborative discussions and the co-creation of knowledge through the analysis of
data. In advance of the workshop students are given a pre-session task, which asks them to
engage in visual research by taking a shoe selfie. In addition, the students are required to
provide a written response to the following two questions about their shoes; what do these
shoes mean to you and how do you feel when you wear them

The shoe images and supporting responses to the questions are then posted in The Virtual
Shoe Salon on Padlet (figure 1). Students will share these in small group discussions through
a task titled ‘interview with my shoes’. This process enables the students to develop skills in
visual and qualitative research and to share knowledge of lived experience and feelings
around identity. As an example of active and experiential learning this method engages
students in research and will generate data which can be stored anonymously (with consent)
in a student specific database.
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The pair of shoes that bonded me and my flatmate, (now close friend) Millie, on our first scary, awkward charity shopping quest in
Nottingham. Having only known her a day, she found me these... in my size... for £4. It's fair to say that these unmatched shopping
skills, have made us partners in crime, and not helped our shoe hoarding obsession. I've worn them through every uni adventure soo
far! They've met new people with me, explored a new home, seen late nights and early mornings, danced with me, witnessed me laugh
and cry and caused me to fall over a lot! So... they mean a great deal to me, and make the blisters worth it, for the memories that they

They just make me feel cool. They're battered and scraped and second hand, and yet they make me feel like a kick ass woman! They fit
my androgynous style and the heavy soles mean you can hear me coming, but | love | stomping around Nottingham in them. The extra
inches boost my confidence and have caused some height arguments with my male friends, which are always a laugh. | just love them.
They're not branded, designer or very fashionable, but they're reliable and that's all | need. Once lockdown is over, I'll be wearing them

My ‘Everyday Battle’ boots

What do these shoes mean to me?

hold... and Millie can borrow them any time :)

How do | feel when | wear them?

out until they wear out!!! :D

Figure 1. Padlet Post — Battle Boots.

The workshop then comprises an interactive peer focused session which due to the continued

Covid restrictions is delivered through Microsoft Teams. Using Teams’ break-out rooms,

students work in small groups and follow the set of tasks detailed below.
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1.

Interview with my shoes: having learned about visual and qualitative research
through lectures the students are tasked to enter the Virtual Shoe Salon on Padlet
and share their images and narrative responses with each other. This approach draws
from the methodology of photo elicitation which uses photographs as a stimulus to
generate discussions which interpret meaning and knowledge (Glaw, Inder, Kable
& Hazelton, 2017). Photo elicitation is an invaluable process for collaborative
discussions that explore the deeper multi layers of meanings that images, along with
the written narratives, can stimulate (Harper, 2002). As an approach it enables the
generation of different types of knowledge as it can evoke individual emotions and
memories (Harper, 2002), thus encouraging a personalised learning experience.

Following initial conversations, the students will assume the role of an interviewer
and develop a line of questioning that will enable them to elicit deeper
understanding about the meaningfulness of shoes for each individual within their
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group. Sessions with undergraduate students have an interview template guide to
follow, but postgraduates are encouraged to work independently, developing
questions organically. Coming together as a larger group we reflect and share their
initial thoughts about their process of research and questioning. They are asked to
debate the value and challenges that this type of research process can elicit, with the
objectives of understanding its application to their studies, as well as its role in
understanding consumers in the fashion industry.

2. Collaborative Conversations: returning to their small groups the students work
together to analyse their data and interpret meaning from the images, written
narratives and interviews that they have undertaken. Through collaboration they can
share meanings, stories and experiences and thus generate a dataset of images and
narratives, that can become a longitudinal, educational resource of images and text,
created by students. The intention with this approach is to encourage skills in
creative thinking, collaboration, problem solving and co-creation of knowledge with
a focus on understanding individual identity and personal values. This method
privileges the sharing of students’ own knowledge and experiences and supports a
personalised learning strategy, supported by the Institution.

The learning objectives that define the Virtual Shoe Salon are listed below:

— An interactive process for learning about research and data analysis

—  The creation of a longitudinal student specific dataset of images and text

— An active and experiential tool for learning skills in data generation, management
and analysis

4. Methodological and Theoretical Foundation

Schell, Ferguson, Hamoline, Shea and Thomas-MacLean’s (2009) work on photovoice as a
teaching tool inspired the design of the Virtual Shoe Salon as a teaching method. In higher
education photovoice has been used by students to capture their emotions and thoughts about
a phenomenon through the lens of the photographs that they have taken (Wass, Anderson,
Rabello, Golding, Rangi & Eteuati, 2019). Like the traditions of photovoice our students
have taken photographs of their shoes through which they can share their emotions and
experiences of everyday life. Through this process they are engaging in qualitative and visual
research and generating data that can be interpreted collaboratively through peer discussions.

The theoretical foundation of the Virtual Shoe Salon is grounded in material culture. Drawing
from the work of Belk (2003) shoes are theorised as extensions of self and repositories of
memory and thus symbolic of personal identity (McCarroll, 2019). Within the parameters of
material culture (Woodward, 2019) shoes are relational objects through which individual and
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social experience are constructed. In this context they become valuable tools for developing
a teaching resource that is relatable to students. The ordinariness of shoes means that even
when an individual seemingly does not have an obvious meaning attached to them, they still,
through their mundaneness, have some communicative powers, which can be drawn out
through the research and analysis. Wearing clothing is one of the most ubiquitous aspects of
human behaviour. Psychology recognises the diverse and powerful dynamic that clothing has
in influencing the internal and external thought processes and moods of individuals (Adam
& Galinsky, 2012). Given that the essence of qualitative research is about understanding the
why of a phenomenon, and that meaning is derived from human interaction with the world,
the ubiquitous nature of the shoe makes it an ideal medium for engaging research.

5. Evaluation

During the 2020/21 academic year the Virtual Shoe Salon has been implemented with 171
undergraduate students and 86 postgraduate students across our Fashion Management,
Marketing and Communication courses. This has generated over 250 images and narratives
which have been analysed to create an additional thematic dataset of meanings that have been
interpreted through the students’ collaborative conversations. Reflections with students about
the virtual salon method have been undertaken during the sessions using a series of questions
to which they have responded through a digital template. This forms part of their learning
process, but also is a means of evaluating the success and wider impact of the Virtual Shoe
Salon. Consensus has been that the students enjoyed participating in the Virtual Shoe Salon
and in addition to feeling they had gained skills in research and analysis it enabled them to
apply a personal approach to learning. Some of the comments are detailed below:

“It was fun and really interesting to learn about what things mattered to each of us”.
(participant A1)

“It is nice to do something practical and to apply what we are learning”. (participant F2)

“It has opened eyes to what you can you learn about research process and meaning through
something so ordinary as a shoe”. (Participant C7)

While they fully immersed themselves in the pre-session research activity, the workshop
sessions stimulated impassioned conversations and debates around meaning between each
other. When often silence has pervaded the digital classroom in group discussions, the Virtual
Shoe Room seemed to generate chatter, debate and reflection. While the tool’s role in raising
awareness of identity around self and others was not a key factor in its development, it is an
aspect that has come through strongly in the sessions and became integral to fostering the
development of skills in data analysis. The images and narratives that the students have
produced have been integral to encourage sharing and collaborative learning and this
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personalised approach has raised insights around cultural awareness. A conversation around
a pair of DM boots highlighted why a student had made this purchase on arrival in the UK
from her home country of Indonesia, where wearing such a rebellious style would be frowned
upon. Through their shoe images the students were able to share their own experiences and
views on identity within a cultural context.

In an increasingly digital world, where much of the academic year has been spent away from
campus, an activity which focuses on the individuals and their interests became an important
method for encouraging collaboration and developing a stronger sense of community
between the year groups.

“We have learned so much about each other. It has been really interesting just to chat and
share the experiences and through that learn how meaning can be drawn from an ordinary,
everyday object” (participant E2).

The impact that the Virtual Shoe Salon has on tutor experience is of significance. Post session
evaluations found that it engaged students positively in learning about research and data
analysis through practice, rather than the usual rather passive format of taught sessions

5. Concluding Remarks

Initial trials with the Virtual Salon have demonstrated that it has value in encouraging
students to learn about research and analysis through active participation. By facilitating
collaborative conversations, the students can work together to make sense of data through
the sharing of values, feelings and experiences. The ubiquitous nature of the shoe has opened
dialogues around ideals, identity and cultural understanding, enabling them to learn about
what things matter to each other and why. Through this process they have engaged with the
process of data analysis with the opportunity to reflect on the deeper meanings of their shoes.
In its next phase of development, the Virtual Shoe Salon will be trialed with students from
English, Creative Writing, Journalism and Psychology to evaluate its potential across an
interdisciplinary landscape. As an innovative approach, the Virtual Shoe Salon places
students at the centre of learning and creates a visual and textual longitudinal resource which
can continue to educate and inspire students beyond the discipline.
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Abstract

Teachers in higher education are tasked with the demanding job of providing
support tailored to each individual student’s need. To provide tailored support,
teachers need to accurately monitor students’ activities and decide on
appropriate support interventions. Learning analytics applications have the
potential to aid teachers to maintain an overview of their students’ activities.
However, those applications are often designed as centralized graphical
displays, taking teachers’ attention away from the classroom and sometimes
overburdening teachers. Therefore, we investigate whether ambient Learning
Analytics (LA) displays offer a solution to complement traditional LA
applications, as these systems are designed as objects that integrate seamlessly
into the classroom context. We conducted an exploratory study in Higher
Education to investigate teachers’ needs for information and their perception
of ambient LA displays in relation to their teaching practice. We formulate
three key findings and a set of design opportunities to inform future work of
supporting the HE context with ambient LA displays.
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Probing Design Opportunities for Ambient LA Displays in Higher Education

1. Introduction

Teachers in Higher Education (HE) are tasked with increasingly demanding jobs. They are
expected to provide adaptive support to meet the needs of individual students. With a growing
diversity in the student population, the combination of inside and outside of class activities,
and less classroom hours than in primary and secondary education, providing adaptive
support has become even more challenging. Several studies have described the complexity
of scaffolding during tutorials, e.g., (Comas-Quinn, 2011; Greenberg et al., 2011; Roehl et
al., 2013; Vaughan, 2007). Teachers often experience time pressure and “a feeling that
learning was too distributed, that there were too many places to check and contribute to”
(Comas-Quinn, 2011) p. 227).

Emerging innovations in learning analytics (LA) have been proposed to aid teachers by
offering aggregated insights into students’ activities and potential needs for support.
Although these studies generally show that the offered information is deemed relevant by
teachers, the actionability of the information is sometimes low (Van Leeuwen, 2019; Wise
& Jung, 2019). This is because classroom sessions are filled with intensive interpersonal
interactions with learners, and it is taxing for teachers to access the LA applications on top
of their already dynamic practice. A human-centered design approach is therefore needed to
make LA information more seamlessly integrated into teachers’ classroom workflow. In the
domain of human-computer interaction, a number of explorations have been done under the
notion of ambient information system, or peripheral display (An et al., 2020). The idea is to
create glanceable, relatively less-detailed displays as part of the classroom environment to
enhance teachers’ awareness of the situation without demanding their focal engagement.

For instance, ClassBeacons (An et al., 2019) portrays classroom proxemics data (Figure 1
Left): each ambient lamp gradually turns from yellow to green as the teachers cumulatively
spends time around it, facilitating teachers to dynamically plan how to distribute time and
attention over students. FireFlies-VLE (d'Anjou et al., 2019) uses ambient lamps to convey
students’ progress in exercises on their computers, based on real-time LA data, to case
teachers’ monitoring of learning processes and their awareness about students’ potential
needs (Figure 1 Right). These ambient information systems have been found to meaningfully
support teachers and learners in classroom activities: e.g., in supporting teachers to keep track
of what is going on around and make data-informed decisions without imposing excessive
mental burden. However, most of such examples have been targeted at primary or secondary
classrooms. Much less is known about the potential and design implications of ambient LA
displays for supporting teachers in higher education.
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Figure 1. Examples of ambient LA displays in the SE context: ClassBeacons (Left), FireFlies-VLE (Right).

The current paper therefore aims to shed light on the potential role of ambient LA displays
in HE. We compare earlier work in secondary education (SE) to an exploratory study in HE
to better understand this relatively less addressed design context. We present several design
opportunities that can serve as a research agenda for future studies in this field.

2. Method

Based on earlier work in secondary education, we investigated the HE context to identify
teachers’ needs for information during tutorials and discuss opportunities and implications
for supporting HE teachers with ambient LA displays. We compared the results of the
empirical studies in secondary education (An et al., 2019; Anjou et al., 2019) to this study in
HE, allowing us to formulate specific design recommendations for the HE context. This paper
can thus best be characterized as a cross-case analysis (Miles & Huberman, 1994).

2.1. Context and participants

The context of the study was an undergraduate course on the topic educational design. The
course consisted of weekly plenary lectures and tutorials. The course was assessed by an
individual exam and a collaborative assignment (performed in groups of 4). Students were
expected to prepare for the tutorials by creating multiple choice questions about the course
materials, which they submitted through PeerWise. Subsequently, all students in the course
can practice with the student-generated questions, and the activity thus serves the dual goal
of processing the materials as well as to jointly create a database of questions to practice with.
During the tutorial, time is spent on discussing the student-generated questions and any other
questions students may have about the materials. Also, the tutorials are meant for receiving
teacher supervision on the collaborative assignment. The total number of students in the
course was 150. They were divided into groups of about 25 students for the tutorials. The
teaching team consisted of 7 teachers, each supervising one or two of the tutorial groups. The
project ran for several cohorts, starting with the introduction of a non-ambient learning
analytics system, and continuing with investigating the potential role of ambient systems.
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The results of the first step are reported in (Van Leeuwen, 2019). In the results section, we
will sometimes refer to some of these findings because they were the basis for the second
step of investigating the potential for ambient displays.

2.2. Procedure and instruments

We conducted a user design and evaluation study to examine teachers’ need for information
and their reaction to a prototype ambient display. Because of the Covid-19 pandemic, the
final step of testing the ambient display during an actual tutorial could unfortunately not be
performed. The data collection consisted of two parts. First, we performed a contextual
inquiry, meaning that we observed a tutorial and interviewed one of the teachers afterwards
(female, more than 5 years teaching experience). The observation and interview were meant
to probe how the tutorial takes place specifically in terms of the potential role for an ambient
display. Thus, it focused on how the teacher and students walked around, what kind of
questions teachers and students asked, what kind of cues were available to the teacher to
estimate students, etc. The observation and interview took about 4 hours. Second, a co-design
brainstorm session was held with 3 of the teachers in the course (2 female, 2 teachers with
less than 5 years of teaching experience). In this session, the teachers were familiarized with
the idea of FireFlies, a set of ambient lamps for displaying glanceable LA information, see
Figure 2. They were asked about their preferences for what type of information to visualize,
and for their suggestions about how to visualize that data. They were also asked to explain
their choices in light of their teaching practice in this specific course. This session took about
1.5 hour. From these two types of sessions, a summary was made about design considerations
for ambient displays for the HE context. This summary was contrasted with the secondary
education context via a cross-case analysis. The most noteworthy similarities and differences
were distilled and are discussed in the section below.

Brghtaess shows how mary time the student
hasspent on he preparation

V

Colour willzhow how well the carenttoic s
Lnderstood by meanzof th preparaton mateiel

Figure 2. Images used for explaining the ambient LA concept to the teachers (by Teuwen, Thijssen & van de Ven).
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3. Findings: HE teachers’ needs and resulting design opportunities

3.1. Timeliness of the provided information and flexibility in the designed tool

A similarity between secondary and higher education is that teachers need information in a
timely manner, so that they could still use the information on the fly to modify their practices,
rather than only reflect on prior sessions. LA reports used in the first iteration of the project
(Van Leeuwen, 2019) “came too late”, as they were sent “a week later” from the tutorial
session that the data were derived from. Another HE teacher mentioned that “just-in-time
information” is needed, so that the information could more directly benefit their tutorial
instead of only triggering retrospective analysis. Similarly, SE teachers in prior cases
appreciated the deployed systems for offering on-the-spot LA information which is relevant
to their ongoing activity (Anjou et al., 2019).

Another important similarity between the two groups of teachers is their need for flexibility
and customization in the designed ambient information systems. Teachers differed in their
reported practices. Some teachers for example divided their time equally among all students
(e.g., using an alarm clock to keep track of the time), while others more intuitively allocated
their attention to where it was needed most (see similar results in the SE case (An et al.,
2019)). In line with that finding, there were also differing views on how useful a certain
design solution would be, and how teachers would use it in their own classroom. As
suggested in both contexts, such differing of opinions could be related to personal factors like
teachers’ levels of teaching experience, technology acceptance, or their different teaching
styles. For example, one HE teacher said that when she was a beginning teacher, she would
have liked to know what to expect in each week and which parts of the course would be
challenging for students. But that information became less relevant as she had more
experience.

Design opportunities: HE and SE teachers’ similar need for timely information during
teaching confirms the potential of developing ambient LA displays for the HE context. The
personal nature of teachers’ needs suggests that developers could afford flexible use or
customizable features in the ambient information tool to better adapt to teachers with
different experiences or teaching styles (e.g., by allowing them to configure certain display
rules or features according to their preferences or professional beliefs).

3.2. Characteristics of the student population

Substantial differences of teachers’ needs for ambient LA displays between the SE and HE
contexts could exist due to the differences we found in teachers’ descriptions of the student
population. First, the learning goals and processes of HE students features much more
flexibility and autonomy. One HE teacher emphasized that “students are responsible” for
determining their learning process, and “with the structure of this course we offer that
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freedom”. As students have more control over when and at what pace to study course
materials (Condie & Livingston, 2007), for teachers, extra cognitive load is demanded in
monitoring the amount of time and the type of activities students engage in (Abeysekera &
Dawson, 2015; Yen & Lee, 2011), and the differences between students might be larger than
in other contexts. This thus requires a visualization that is able to distinguish information for
different learners on a fine-grained level. We also found that students’ help-seeking behaviors
and attitudes in HE are different, which result in different design rationales for creating
appropriate social awareness in the classroom. Prior studies showed that ambient displays
contributed to student accountability and peer awareness, but careful design was needed to
avoid undesirable social effects by putting students on the spot (Anjou et al., 2019). We found
that students in HE, especially more experienced part-time students that may have jobs, are
less subject to these social effects and are more at ease with indicating their needs for support,
whereas the younger students are not.

Design opportunities: This finding implies that an ambient LA display could benefit HE
teachers considerably if its information facilitates teachers to monitor and differentiate the
diverse learning processes of students (e.g., by indicating what they are working on and how
far they have gone). This finding also implies that when designing the social awareness of an
ambient LA displays for an HE classroom, developers may need to address differing attitudes
or preferences from multiple student groups (e.g., by providing teachers, as well as students,
with controls over how and when to make the information visible).

3.3. Type of information and type of inferences

Another difference was found between SE and HE teachers in terms of what type of
information is most relevant to have during classroom sessions. The SE teachers in prior
studies appreciated the ambient displays based on in-class data (An et al., 2019; d'Anjou et
al., 2019) or student inputs (Sellier & An, 2020)), whereas the HE teachers emphasized the
value of combining outside-class data to support their in-class practice (“knowing how
students prepared helps me prepare for a session”). As reported, these outside-class data
could concern students’ level of preparation, challenging parts found in the video lecture,
group collaboration progress, etc. This difference is caused partly by the adoption of blended
learning and the dominant format of HE lessons which has been changed from traditional
lecture to face-to-face guided practice (Staker & Horn, 2012). As a result, to better support
students who learn at their own pace and have differing prior knowledge, HE teachers need
rich insights into learners’ outside-class processes so that they could act adaptively in the
classroom. It is thus implied that ambient LA design for HE could put extra focus on
supporting teachers’ in-class decisions by offering them insights based on outside-class LA
data (e.g., visualize students’ status, progress, or inputs gathered from their outside-class
sessions). A related observed difference is that HE teachers might need information support
that has a higher level of inferences of the LA data. As aforementioned, the flexibility and
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autonomy of HE learning processes makes it difficult for teachers to identify learners’ actual
needs. Teachers need to interpret data from outside-class activities and use it to inform in-
class decisions. The type of inferences that teachers need to make are thus quite complex.
Some examples teachers gave of this complexity concern the possible problem occurring in
team collaboration, or potential difficulties or misconceptions of students.

Design opportunities: These examples suggest that, in order to generate actionable insights,
HE teachers need information that is aggregated from multiple LA indicators (e.g., from both
their outside-class activities and in-class performances), with relatively higher level
translations from the raw data. While the prior cases in SE showed that sometimes a low-
level data portrayal would be useful enough for the SE teachers to skillfully interpret the
classroom situations, our current study suggests that HE teachers may need ambient LA
displays that are based on higher-level LA constructs or indicators based on multiple
constructs, or that they need recommendations for actions.

4. Conclusion

Teachers in HE are tasked with the demanding job of providing support tailored to each
individual student’s need. Most learning analytics applications for teachers rely on
centralized, focal displays. In this paper, we explored the potential of ambient LA displays
that are designed to seamlessly integrate into the classroom context. We conducted an
exploratory study in HE to investigate teachers’ needs for information and their perception
of ambient displays in relation to their teaching practice. Our results show that teachers’ need
for information differs fundamentally in comparison to the secondary education context.
Most notably, the characteristics of HE students, their increased level of autonomy, and the
fact that a large part of learning processes take place outside classrooms, mean that teachers
need timely insights in individuals’ trajectories during classroom sessions. From these
results, we formulated three design opportunities to serve as a research agenda for exploring
the potential of ambient LA displays in Higher Education.
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Abstract

Art, artistic expression and arts-therapy can be an opportunity to the pedagogy
need to develop effective, innovative and avant-garde visions and strategies on
issues considered crucial for cohesion and inclusion, in particular regarding
migration issue. Dance-movement-therapy is central to this project which is
configured as art-based research in the educational / intercultural field. It is a
political-pedagogical project starting within the school context to open up to
the territory. The research question therefore aims to verify whether art-
therapy can create inclusive and intercultural environments, integrate with
autobiographical methods through embodied narratives and stimulate self-
awareness and lifelong learning. Main aims are: analyzing ways of inclusion,
making significant and transformative changes to growth processes, modifying
prejudices and stereotypes. The research, moving within the theoretical and
methodological framework of the research-intervention, followed a mixed
method preserving its qualitative nature, following the phenomenological and
hermeneutic approach and, at the same time, using a questionnaire (Pettigrew,
Meertens, 1995), which characterized the quantitative part. Among the main
results, the discovery of feeling directed towards new perspectives from which
to look at the world, more aware and proactive, emerged. Results have
strengthened the choice of adopting a such innovative integrated educational
strategy for inclusion and lifelong learning.
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1. Introduction

Current pedagogical strategies, aimed at lifelong, lifewide and lifedeep education, propose
custom paths so that every person is, first of all, entitled to the fundamental right to his/her
dignity and his/her value as a human being living in society. The promotion and development
of a more inclusive society become crucial in order to understand the real problems affecting
marginalization risk people. Making society and politics responsible, conscious and sharer
of these problems means increasing the learning and knowledge levels in order to intervene
in an effective manner through many tools and concrete actions. Sustainability of inclusion
has achieved through political and economic interventions, but also through pedagogical
actions aiming to reconstruct the process of personal identity. To achieve an adequate level
of social inclusion, it is first of all necessary to overcome the walls raised by stereotyped
concepts and prejudices about differences, to achieve an active and supportive participation
of all citizens in an intercultural key. In this perspective, therefore, the importance of
inclusion is closely connected with that of lifelong learning as it embraces the different all
stages of life as well as all its dimensions, including issues relating to discomfort and
marginalization. Lifelong education can be argued as a development and a human dignity
opportunity promotion, in all its aspects, taking into account the stadial developments and
the connatural dynamic social processes. The lifelong and lifewide pedagogy aims therefore
to activate cultural, social, ethical as well as cognitive resources to reach a wider inclusion.
Education and inclusion are fundamental objectives for each person, with specific
experiences, involved in the processes of building identity and personality, which are the
basis of pedagogical action. Since the report to UNESCO of the International Commission
on Education for the 21st century, the concept of an education aimed at a deep and
harmonious development, both personal and social for everyone, is emphasized (Delors,
2000). One of the objectives is to enhance each person's skills to relate to others and to the
society. It also consists in giving back to the subject, including migrants, new stimuli, new
motivations to re-build a life and re-enter the community and society in a proactive,
integrated and inclusive way. The issues of social inclusion and active citizenship prove to
be crucial in the processes of reflection on democracy and its implementation, understood as
a fundamental part of culture and as a lifestyle, which aim to make the person more active,
supportive and cooperating. Another goal is to raise awareness of the process of recognizing
and promoting diversity, as a value and mutual enrichment. Programs of inclusion can be
carried out through educational strategies that aim above all at the knowledge of oneself, of
one's body, of one's experience, of the context through which practices of cultural
participation are implemented. Through the analysis of the body, sometimes blocked by
difficult and / or painful situations, we can go further, towards the development of infinite
and new expressive and communicative possibilities. Through arts therapies and specifically
dance movement therapy, each person can reach an in-depth understanding of himself, of his
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experiences, of interpersonal relationships, of the significant educational experiences
undertaken and to be undertaken, of his own growth path. Through the analysis of one's own
experience, according to autobiographical methods as pedagogical and educational tools
(Josso, 1991; Pineau & Le Grand, 1993; Demetrio, 1996; Alberici, 2000; Dominicé, 2000;
Cambi, 2002; Formenti, 2009, 2017; Aleandri, 2012, 2015, 2017, 2019, 2020), each person
can enhance significant experiences lived in the broadest areas, especially from an
educational and relational point of view. That is useful to find "threads" and a more organic
self-orientation, essential for planning own present and future in a positive and proactive
way. Person’s uniqueness and past experiences consideration are crucial from a pedagogical
point of view, as a source to draw from in order to re-build and re-design the identity process,
fundamental to be recognized in an increasingly fragmented society, in order to orient or re-
orient, to gain a greater one’s own and others’ awareness. The analysis of the context, through
observation and autobiographical narration, allows to understand the culture, traditions,
needs, etc. In this way it is possible to plan personalized, but also collective paths, through
educational actions that stimulate the process of lifelong education. “In such a perspective
aimed at lifelong and lifewide learning and education, the call is aimed not only at soliciting
and spreading this approach as a 'social practice' (and socializing) and widespread individual
behavior, but also and above all as a lifestyle, philosophy of life, shared and internalized
culture aimed at a better quality of life and the well-being of both people and society”
(Aleandri, 2012, 15). Within this pedagogical action it ia possible leading people from
marginalization to new perspectives of commitment and personal growth, first of all with
themselves and then towards others, as a real inclusive dimension. For this reason, a
pedagogical approach oriented to lifelong learning and education aims to enhance any kind
of education, from the formal one to the non-formal and informal one. It will allow to turn
the experiences of every individual into a growth opportunity, in the continuous development
process aimed to outline one’s own identity. It means also its primary relational and social
connotation. In such scenario, therefore, an education, oriented not only to allow each one to
develop one’s own creative vocational and innovative potential but also to achieve full
equality and social inclusion, takes shape.

2. The research project

The research takes shape within a secondary school in the eastern suburbs of Rome to reflect
on migratory phenomena, which in these times undergo very rapid changes, and on the
political and ideological influences that pollute information and consequently feed fears and
discrimination. These conditions affect the education of students around the world. In a
society where differences often become an element of marginalization, we wanted to deepen
the relationship between education, prejudice, inclusion, and artistic expression, in particular
with the body and dance. The project developed in collaboration with the Department of
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Education of Roma Tre University, the school Liceo Amaldi in Rome and Intersos-Italy. The
research-intervention aims at verifying the effectiveness of the use of artistic languages

within an educational context, in relation to the migratory phenomenon and the consequent
prejudice. The research focused attention on the context and on the participants. The concrete
action was carried out with artistic proposals, concerning dance, the body and the languages
of art, which favored reflection, comparison and relationships. The researchers and the
participants themselves exercise observation and active listening to realities or imaginaries
in the making, and the arts act as a narrative and language tool to promoting knowledge and
the exchange of emotions. The research named ‘“Pedagogy of the Border” is inspired by
Henry Giroux's definition according to which what can perhaps improve and better promote
intercultural competence are invitations to engage in "border crossings" (Giroux, 1992). The
act of crossing borders helps students develop intercultural competences and skills that enable
them to live together consciously beyond differences. Therefore, it is necessary to establish
pedagogical conditions for which students become border crossers in order to understand
otherness and further generate borderlands in which the different cultural resources allow
growing new identities (Idem). The research aims to bring together and make known migrants
and adolescents through dance movement therapy, the body, embodied narrative and the
performing arts, to educate people to a cooperative spirit, to mutual respect to achieve
individual well-being within a community growing in differences. Starting from the body,
the substance of our being and the place of our identity, a slippery body for everyone, a body
in transformation for adolescents, a tortured, mortified, abused body for migrants mean being
able to use universal expressiveness where no one is advantaged. A Pedagogy of the Border
is therefore configured as a non-place (Auge, 2009), free from signs of power and belonging.
Migrants and adolescents have similar needs such as identity, autonomy, self-esteem, etc.,
and similar characteristics such as transition, sense of belonging and identity. Dance is a tool
for well-being and care and it is proposed as a bridge between cultures, framing the friendship
between those who are "foreign to the other".

2.1. Participants

The participants were 30/35 people in total per meeting, of which 14 students and 15
migrants, 2 tutor teachers and 3/4 among cultural mediators, psychologists and Intersos-Italia
operators. Students are 17-18 years of age, migrants are aged between 17 and 25.

3. Methods, aims and tools

The research followed mixed methods, preserving its qualitative nature following a
phenomenological and hermeneutic approach, and integrating it with a quantitative device
deemed appropriate to the reflections and the nature of the research, a questionnaire about
prejudice (Pettigrew and Meertens 1995) filled out by students, before and after the scheduled
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workshop meetings. The research is an Art-Based Research (ABR) (Barone & Eisner, 2011;
Knowles & Cole, 2008; Leavy, 2009) that is, a research that uses arts, in a broad meaning, to
explore and eventually challenge human action and experience (Savin-Baden, 2014). Priority
is given to the artistic process, the main tool through which to live and observe the experience
by the participants, including the researcher (McNiff, 2012). As regards the qualitative
investigation tools, the following were used: the semi-structured phenomenological interview
(Larkin et al., 2006; Zammuner, 2015), the focus groups (Lucisano & Salerni, 2018), the
participant observation and the logbooks (Benvenuto, 2015) witten by the students and tutor
teachers. The general purpose of the research-intervention, which we can define as
immersive, consists in reflecting and analyzing how a very particular experience of Border
Pedagogy can contribute to:

o transform a distorted information-media paradigm into an emancipative-
evolutionary one based on direct knowledge of people and their lives towards
lifelong, lifewide and lifedeep learning perspective;

e favor a transformation of prejudice in the context and a mature and responsible
growth of adolescents;

e contribute to deconstructing stereotyped conceptions;

e form new imaginaries with which to look at reality; build a critical and rhizomatic
thinking away from toxic narratives (Fiorucci, 2019).

4. Main results

The research took into consideration, in general, some concepts or categories (Gianturco,
2004). These are indicators of psychocorporeal and intercultural development identified in
the process of building the project, then integrated by the analysis and coding of focus groups
and semi-structured interviews. We can therefore indicate as categories:
e Evolutionary processes and the body-mind relationship in psychocorporeal
development - An intercultural challenge, a body among bodies.

e Process of emotional and identity growth - Create relationship and intercultural
baggage.

e Intercultural training needs - Art as a way of learning and exploiting diversity
against toxic narratives. A postcolonial reinterpretation.

e Community learning - Getting to know each other through corporeality and art.

e Access and development of critical thinking - Look at the kaleidoscope, divergent
mind against prejudice.
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e Empathic relational area - Creating bonds.

In particular, we highlight the categorization relating to the process of emotional and identity
growth which also indicates the impact on the level of self-esteem of the participants. In this
area, which includes emotional growth and a greater definition of identity, the group has
grown, as a whole, and has transformed. Among the variables investigated, it is interesting
to highlight how solidarity is increased at the end (out) of the educational intervention
compared to the beginning (in) (Fig. 1):

Very often
57,1

Often
Sometimes

Rarely

Never

min mout

Figure 1. How often have you felt solidarity with migrants who live here?

The main increased response corncerns feeling solidarity very often, which grew from 21.4%
to 57.1%, and has become the response with the highest percentage.

The greater confidence in using the workspace and in the interpersonal relationships, the
possibility of using the body in gradually less stereotyped forms - verified following the
indications of the observation of Laban analisys (Laban, 1999), and found by the checklists
compiled tutor teachers - allowed them to acquire greater self-confidence by dealing with
otherness. Changes related to life choices are also important, in particular those highlighted
by some students attending the laboratory in 2017 and recently interviewed for research. It
was perhaps the area richest in results, it has aroused various reflections on how much and
how art can convey growth paths which then turn out to be authentic transformations of the
life project. Some testimonies of participants student and migrant people are following:

—  Before living with people, for example with Italian boys, it was difficult for me.
Living together, we change things in our lives, it is what I was looking for and I
found here.

—  Thanks to this activity I am coming to realize what I want to do when I grow up. 1
want to take Law Degree to help those people (migrants), to give them a voice in
this society.
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—  When we listened the stories of each of them, that entered your soul, it make you
understand how much today's society gives more space to prejudice than humanity,
to how much you believe more about what it is told by the media or by people not
informed about. Why are we so uninformed and presumptuous? This experience
awakened in me the desire to trust people, awakened me from the coma of
disinformation, made me understand the real extent of everyday problems compared
to the often more difficult ones that migrants face.

5. Discussion and perspectives

One of the issues emerged within the results concerns the discovery of feeling lead to a new
perspective, a new point of view from which to look at the world. The empathic response that
placed the students in front of identifying themselves in those situations of discomfort and
separation is relevant. It is, indeed, in such conditions of discomfort that we can find
ourselves in an exotopic condition and which in fact questions one's "human condition" as
Arendt (1958) would say, a disorientation and imbalance that produces an important step
towards a reflective attitude on one's own to be and on their own thoughts.A decentralization
/ discovery confusing and exciting that concerns the identity processes and which, avoiding
essentialism, can be experienced in a social context, in interacting processes where different
identities are writing (Bhabha, 1994). This enhances us to reflect on writing and "on the hands
that write to us", and allows us to develop ways and thoughts independent of the dominant
matrices and, consequently, to change our way of "writing" (Surian & Mahmoud, 2019) and
imagine or continue to imagine their life project from this observation point. This allows you
to reposition yourself within your own being with a greater awareness of a vision connected
to a reality that does not come from information or rumors, but from a direct source, from a
shared and authentically inclusive life experience. Finding a time to reflect on the experience
has allowed us to be more aware of our own existence, and in several cases to reformulate
projects, dreams or simply look to the future with different eyes from a lifelong, lifewide and
lifedeep learninig perspective.
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Abstract

In the last decade, Wikipedia has gone from being one of the great enemies of
education to becoming a great ally, especially thanks to the degree of rigour
and organisation it has achieved. The free encyclopaedia is increasingly
present in universities and offers numerous opportunities for teachers for
educational innovation.

This paper describes an innovation project promoted by MediaLab USAL at
the University of Salamanca and aimed at the generation and publication of
open knowledge, at university level, in the open encyclopaedia Wikipedia.

This project aims to promote the creation of quality content in Spanish at the
University, to include the rigorous editing of content in Wikipedia as part of
the practical work of undergraduate and postgraduate subjects at the
University of Salamanca and to offer a new free learning tool to teachers and
students. The initiative has counted with the participation of more than 100
professors, 584 students and has achieved the creation of 1752 articles
specialised in different areas of knowledge in Wikipedia.
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1. Introduction

Wikipedia is one of the most visited websites on the Internet, despite the fact that in recent
years it has not stopped losing visits, due to the impact of Google's smart search, which gives
priority to its own platforms such as YouTube. Nevertheless, it is still the fourth most visited
website in the world (Alexa, 2020).

Wikipedia began its journey in 2001 and, since then, it has not stopped growing, becoming a
place of reference for all kinds of queries. The Spanish edition of Wikipedia is one of the
most successful, with more than 31 million visits per day (Wikipedia, 2021), many of them
coming from the field of Higher Education (according to the statistics currently offered by
Wikipedia itself). However, for a long time this global encyclopaedia has been stigmatised
in the educational world, precisely because of its open and collaborative nature. "The main
concerns that teachers have about Wikipedia are quality, accuracy and reliability",
(Meseguer-Artola, 2015).

Wikipedia has developed a rigorous publication process and currently the publications made
by contributors are checked using wiki technology (which allows collaborative work from a
technical point of view) and the crowdsourcing production model, on which the work of the
volunteers who review the content is based, among other actions (Alonso-Jiménez, 2015).

The educational use of wikis has become popular due to the variety of didactic uses it offers
(Villarroel, 2007) and for being an excellent resource for transforming the process of
transmission and reception of knowledge in a context marked by information and
connectivity (Legaz and Morales, 2018).

The interest that this open encyclopaedia continues to arouse as a source of open information
and its collaborative work formula make Wikipedia the ideal environment for
experimentation and teaching innovation. Based on these premises and as part of a teaching
innovation project, this experience was developed with students of Art History at the
University of Salamanca.

2. WikiUSAL: A proposal for educational innovation with Wikipedia in the
medialab of the University of Salamanca

2.1. MEDIALAB USAL. A space for educational innovation at the University

This teaching initiative has been developed by MEDIALAB USAL, a space created at the
University of Salamanca in 2010 to promote educational experimentation and innovation. In
addition to fostering innovative experiences, the University of Salamanca's medialab
promotes experimentation with digital technologies, the promotion of creativity and
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interdisciplinary work; typical elements of social laboratories for university innovation
(Romero and Robinson, 2017).

Along with these characteristics, one of the main tasks of the medialab of the University of
Salamanca is to promote the philosophy of collaborative work from a practical point of view
and using open source digital tools; aspects acquired from the culture of the commons and
which enable collective cultural creation (Escafio, 2017; Méndez, 2015; Lucero, 2003).

MEDIALAB USAL was created with the intention of favouring the connection between
teachers, students, technology and digital media. Above all, it is a project that seeks to
respond to the needs of the new educational model. Therefore, it seeks the active participation
of students and teachers and, for this reason, all its projects and programme of activities have
been conceived from a very practical and immersive point of view, since, as José M. Ruiz
(2016) points out in one of his research projects, the medialab model "represents a highly
interesting example to carry out the necessary study on the change in the educational and
cultural model -which began with the end of mass media-, in which the consumer -or student
or collaborator- is transformed from a passive being to an active being, converting the
communicative act into a constant feedback of information" (Ruiz, 2016: 103).

Since its beginnings, MEDIALAB USAL has contributed, among other aspects, to the
creation of new virtual physical spaces for collaboration and generation of open knowledge
among the university community (Almaraz-Menéndez et al., 2016).

2.2. Wikipedia as a tool for educational innovation that promotes open knowledge and
collaborative work

As part of this collaborative activity in MEDIALAB USAL, a large teaching project called
WikiUSAL was conceived in 2013, which has been developed for years, with the aim of
contributing to the rigorous and specialised creation of content in Wikipedia from the
University; an initiative in which more than 100 teachers from all areas of knowledge at the
University of Salamanca joined, along with more than 600 students.

The teaching proposal included prior training of the participants in the inner workings of the
free encyclopaedia, the rules of publication, forms of participation and the development of
specialised content, among other aspects.

The project has its own web platform (http://diarium.usal.es/wiki/), designed to provide
information on progress and to promote the creation of a wiki community at the University.

In addition, all the information and materials related to the activities and initiatives that have
been launched, such as videos and presentations of conferences and workshops, have been
published on this website.
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Along with the workshops, several tutorials on the publication rules and wiki code have been
developed to support the participants, which at the same time have been shared freely with
other interested people from the university community who were interested in learning how
to edit in Wikipedia, in line with its philosophy of free and collaborative learning.

This great collaborative teaching innovation project of the University of Salamanca managed
to create a community interested in Wikipedia editing and in its utilities as a teaching and
learning methodology that gave rise to new proposals from students and teachers. Thus arose
the initiative to make known the rich heritage of the University of Salamanca in Wikipedia
through an editing workshop in the free encyclopaedia, which is detailed below.

3. Wikiparty: Loci et imagines' at the University of Salamanca. Collaborative
Wikipedia editing through artistic heritage

To commemorate the 800 years of history of the University of Salamanca celebrated in 2018,
the exhibition Loci et imagines/Images and Places of heritage at the University was
organised, dedicated to showing the immense cultural and material heritage that the USAL
has been treasuring over VIII centuries.

Despite the fact that many of the artistic pieces exhibited and the places highlighted in the
exhibition were of great heritage and historical relevance, surprisingly there was no trace or
mention of them in Wikipedia. For this reason, MEDIALAB USAL carried out an open and
participatory proposal with teachers and students of the University to create content about
these works in Wikipedia.

Due to its usefulness and attractiveness, the proposal was included in the official programme
of activities to commemorate the 800 years of history of the University of Salamanca.

This activity was inspired by the working formula that is usually used in the hackathons that
MEDIALAB USAL organise at the University to promote social innovation. These meetings
are an excellent context to implement aspects such as collaborative work through project-
based learning. (Almaraz-Menéndez et al., 2016).

3.1. Structure of the teaching activity 'Loci et Imagines wikipedia editing marathon’
g g

The main objectives of the activity, called 'Loci et imagines Wikipeida editing marathon',
were to bring the University of Salamanca closer to the public outside the University and to
promote the editing of rigorous content in Spanish on Wikipedia related to the University's
heritage. To this end, the teachers and students of the Degree in Art History at the University
of Salamanca were involved.

The proposal started with an explanatory tour by one of the participating lecturers, who was
also in charge of curating the exhibition. After the exhibition tour, an informative seminar
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and a Wikipedia editing workshop were organised to teach students the formulas for creating
and editing content in the encyclopaedia, as well as the rest of the operating rules.

Subsequently, teachers and students distributed the content to be edited and for a morning
they created content linked to the most important elements and to the exhibition itself as a
whole. Previously, as an additional activity, they had carried out documentary work on the
different works.

Thanks to this activity, more than twenty articles were created on Wikipedia, related to the
artistic and cultural heritage of the University of Salamanca. In addition, as a result of the
editing marathon, 6 chapters of content related to the exhibition were created in Wikipedia:
The City of Knowledge (about the beginnings of the University in the 13th century), The
Royal Chapel of San Jeronimo, The Library. Culture and Science, the Portrait Gallery of
Kings and Queens of Spain and the University and Secular Colleges. All of them are listed
at the following address:

https://es.wikipedia.org/wiki/Loci_et Imagines

Some of these places and pieces that did not have any article in Wikipedia are as important
as the General Historical Library of the University of Salamanca, considered the first
university library in Europe.

The activity was also very well received by the students and had an important repercussion
among the university community and the press.
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Biblioteca General Historica
(Universidad de Salamanca)

Vista general de la Biblioteca.

Pais Espafa

Tipo biblioteca universitaria
Fundacién 1254

Ubicacion Salamanca

Coordenadas 40°57'41.18"N, 5°40'2.14"W

Entidad propietaria Universidad de Salamanca
Pagina web oficial &’

[editar datos en Wikidata]
Figure 1. Wikipedia article of the General Historical Library of the USAL
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El Maraton 'Wiki Party' reline a 30 entusiastas de Wikipedia con el
fin de insertar textos sobre la muestra 'Loci et imagines' de la Usal
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SALAMANCA mfw R

Sabado, 16 noviembre 2013, 19:06

Bucear en la enciclopedia libre
Wikipedia y pulsar en el teclado el
nombre de la Universidad de
Salamanca da pie a un sinfin de
informacién. La historia del Estudio
salmantino, sus profesores mas
relevantes, la evolucion durante susya  D%estdenes oenan ponaie L
casi ocho siglos de fecunda historia, lag  Almeida

titulaciones que conforman su oferta

docente y hasta sus actividades deportivas y culturales pueden ser
conocidas en todo el mundo gracias a esta particular y a veces criticada

fuente de informacidn, puesta en tela de juicio por aquello de la
rigurosidad y la precision, que es Wikipedia. Desde ayery gracias a la
iniciativa Medialab de la Usal, una treintena de personas aprendieron a
editar con cddigo 'wiki' diferentes aspectos de la exposicién 'Loci et
imagines/Lugares e imagenes», que repasa los 800 afios del rico
patrimonio histérico y artistico del Estudio salmantino.

Figure 2. One of the press appearances of the Wikipedia teaching activity
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4. Discussion

The creation of this project has been an excellent opportunity to involve the university
community in the creation of specialised and rigorous content in Spanish on Wikipedia, thus
contributing to the growth of this global free encyclopaedia, whose queries and users continue
to grow every day.

Undoubtedly, one of the main motivations for the involvement of the participants has been
to be able to work in a real environment that is consulted by millions of people every day.
This project has enabled students to present some of their academic work to a global
audience, making them feel, among other things, more responsible for work of great practical
utility that would otherwise not leave the classroom.

Also, by being in an open community, their work can continue to improve, transform and
grow once the task is completed. These aspects help both teachers and students to integrate
the principles of a free and collaborative knowledge environment.

Moreover, being part of such a project reinforces students' ability to think critically and
evaluate different sources of information, which is essential in a context of information
saturation and false content on the Internet.
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Abstract

The aim of this paper is to describe what lecturer’s experiences of teaching
communication are with disabled patients using CBL method at Faculty of
Medicine and Dentistry, Palacky University Olomouc. The CBL didactic
method includes both intentional and unintentional learning. It is a method of
controlled questioning and provides more space for teaching of small groups.

During lessons students can communicate with a disabled patient, i.e. an adult
with limited legal capacity due to mild mental retardation, and his public
guardian. It helps medical students better understand communication
processes with a disabled patient and develop interpersonal skills. Using CBL
method, students think critically and ask targeted questions to the public
guardian of the disabled patient. This experience strengthens the feeling of
empathy with the patient, allows him to get to cooperate in treatment. Students
are familiar with the communication problem before the lesson. The teacher
acts as a facilitator.

The inclusion of patient with limited legal capacity and his guardian in the
conduct of CBL communication seminars meet the needs of practical training
in communication.

Keywords: Disability;, mental retardation; legal capacity, health
communication; medical education; case-based learning.
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1. Introduction

The education of medical students in the field of communication is changing. The quality of
medical education depends on various factors, such as curriculum, patient exposure, faculty
expertise in the subject, knowledge, and training in teaching-learning methodology (Nanda
& Manjunatha, 2013). Students in medical and health-care fields are taught using traditional
methods, i.e. face-to-face lectures. It is supported by video tutorials (Wynter et al., 2019) and
innovative didactic methods such as Problem-based learning (PBL) and Case-based learning
(CBL). These educational methods (PBL and CBL) in the teaching of practical medicine have
become increasingly popular both in the Czech Republic and abroad (Srinivasan et al., 2007;
McLean, 2016; Kenchaiah & Krishna, 2016; Wynter et al., 2019; Galiana, 2019; Ali et al.,
2019).

Since 2014, the Faculty of Medicine and Dentistry, Palacky University Olomouc, has been
teaching communication within the Ist, 3rd and 4th year of the General Medicine study
program. In the 4th year, the compulsory-elective subject “Communication with disabled
patients” is taught. The course consists of 2 topics: a) communication with patients with
limited legal capacity, and b) communication with geriatric patients. The main author of this
article has taught medical students the topic communication with patients with limited legal
capacity in 4th year of General Medicine since 2014.

The condition for effective communication with disabled patients is to understand the type
of disability and the patient's specific needs. Persons with limited legal capacity are adults
who have mental disorders due to which they cannot act legally, and the court appointed a
guardian for them. These persons often face prejudices and are often threatened by social
exclusion, discrimination by the majority society (Jurickova et al., 2014). Communication
with persons with mental disorders, who have mental retardation, has its specifics (Boardman
et al., 2014). The following manifestations often occur in persons with mental retardation:
decreased level of mental abilities and difficulties in communication, difficulties in learning,
attention deficit, poorer orientation in time and space, lower level of social skills, inadequate
self-evaluation and low self-esteem. Intellectual disability is classified in ICD-10 (F70-79)
as mild, moderate, severe and profound mental retardation (WHO, 2010). In practice, medical
students will also need to communicate with these persons. Worldwide, a number of health
issues are directly and indirectly related to communication (Wright et al., 2013). Patient-
physician compliance is the result of a mutual relationship and communication. The aim of
this paper is to describe what lecturer’s experiences are in teaching of communication with
disabled patients using CBL method at Faculty of Medicine and Dentistry, Palacky
University Olomouc.
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2. Case-based learning method characteristics

According to Slavin ef al. (1995) in CBL the group focuses on creative problem solving.
Srinivasan et al. (2007, pp. 74-75) characterize CBL method as follows:

“[...] learners are presented with a clinical problem and have time to struggle, define, and
resolve the problem. However, when learners begin to explore tangents, the facilitators will
use guiding questions to bring them back to the main learning objective. Additionally,
students prepare in advance for the session, and they may ask questions of the local experts

s

during the session.’

CBL teaching method includes intentional and unintentional learning. This means that it
includes both learning planned by lecturer and learning organized by the student himself, but
also unintentional learning, i.e. learning during the analysis of individual problems, situations
or dilemmas, as part of life experiences (Tuckova et al., 2020). CBL method is a method of
controlled questioning and provides more space for teaching in small groups. This method
provides more general instruction through the course of individuals (Srinivasan et al., 2007;
Thiel et al., 2013).

The teaching of communication with disabled patients at Faculty of Medicine and Dentistry,
Palacky University Olomouc is exceptional and medical students have the opportunity to
communicate with disabled patient during that course (i.e. an adult with limited legal capacity
due to mild mental retardation) and his public guardian (i.e. social worker). CBL didactic
method has been successfully used in this teaching for two years now with positive feedback
from medical students.

3. Use of CBL method in teaching of communication with disabled patients

The teaching of communication with disabled patients takes place with the participation of
an adult patient with limited legal capacity and his public guardian using CBL methods as
follows, see table 1.
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Table 1. The use of CBL method in teaching of communication with disabled patients.

Instructional
element

Case-Based Learning (CBL)

Presenting problem

Description of
situation

Student pre-session
preparation

Initial question to
begin discussion

Student approach

Lecturer’s approach
to students’
incorrect knowledge
or assumptions

Faculty approach to
,clinical blind-
alley” digression

Student use of
additional resources
during the session

Case continuity

Adam (38 years old) is patient with limited legal capacity due to mild mental
retardation (dg. F70). According to the verdict, Adam is not obliged to visit doctor
in company of public guardian. Adam goes to the doctor alone.

Adam has issues in communication with his dentist. Adam states that he does not
understand the communication. Dentist often interrupts Adam’s speech, or stops
him altogether. Also, according to Adam, dentist give orders and scream on him
once is Adam afraid to open his mouth for examination.

Students get acquainted with the issue of general concept of communication with
people with limited legal capacity in the seminar within the subject of “Social
medicine”. Then within the teaching of the subject “Communication with disabled
patients”, even before a patient with limited legal capacity comes to the class with
his public guardian. Teaching continues with the direct participation of a patient
with limited legal capacity and his public guardian using CBL method.

The discussion begins with a general question: “Why do you think there was a
misunderstanding between a patient with limited legal capacity and his dentist?”
Discussion continues through additional questions: “How would you feel, if during
medical examination you were screamed on? What is it like to ask something but
the doctor won't let you speak? And how, in such circumstances, does an adult
patient with limited legal capacity feel in his autonomy?” Think about what is
currently going on in the patient’s mind when communicating with his dentist.

Students are encouraged to ask during lecture, not only regarding to given
communication problem/situation, but also about communication in general.
Students also need to respond to questions asked by the lecturer.

Lecturer during CBL method can:

*Redirect and explore incorrect statements: “Why do you think so? Can you provide
some examples?”

*Discuss alternate techniques: “What bad communication habits did dentist use?”
“Do you think Adam is able to decide on his treatment?” “Have you ever think how
patients with mild mental retardation percieve us?”

Probe learner for alternatives: “Why do you think that is important in this case?
What else might you consider that might be important? What do the rest of you
think?”

None required.

The time allowance (3 teaching hours) from the students’ point of view is sufficient
and therefore this seminar does not end with unanswered or unresolved questions.

Source: Modified from Srinivasan et al., 2007. Note: Patient’s name was modified for legal protection reasons.
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In the beginning, theoretical base in communication with disabled patients are presented.
After that, lecturers introduce the case and present the problem. The communication is guided
by lecturer and performed by students, using their own words to cover their individual
information needs (table 1). Lecturer guides the communication and through focused
questions redirects attention to specific communication aspects. CBL approach shifts from
passive learning to active participation of students in the process. Discussion within the group
enhances understanding of given topic. In practice, more questions arise during the
communication of students with Adam and his public guardian. Medical students are the most
interested in the following categories of questions: a) communication in the doctor-patient
relationship, b) communication with the public guardian, ¢) communication with other staff,
and d) the life story of Adam. These questions are, for example: “Adam, how do you
communicate with your psychiatrist?” “Why don’t you want your public guardian to a
company you to medical visits?” “What bothers you the most now?” The most frequently
asked questions towards public guardian are following questions: “How do you communicate
with doctors?” “How do you communicate with patients with limited legal capacity?”
During lectures, questions formulated by students are answered by Adam and his public
guardian as well as lecturer, who has been dealing with patients with limited legal capacity
for a long time.

Also, students learn that some questions are not well formulated and do not lead to intended
response. These include: a) students ask Adam questions which are long and less
understandable, b) students do not provide space for Adam’s response and respond instead
of him, ¢) in the course of session, students do not verify level of Adam’s understanding, d)
students communicate with Adam from position of adult towards child (act as Adam is a
child) and e) students do not ask Adam, but his public guardian instead. Medical students
during communication with Adam often slip into bad habits, such as mind-reading,
interruption of speech, unclear or less specific statements. Assertive communication is one
of tools used both in effective communication and mental hygiene.

The evaluation of students shows that communication with Adam and his public guardian is
very beneficial. Especially, it is appreciated that students can ask all kinds of questions and
better understand the depth of problem in broader life context. In past 2 years, 55 students
participated in the communication course each year. Each group consisted of maximum 15
students (in the course of 3 teaching hours). Communication with persons with limited legal
capacity seminars were introduced 5 years ago. Last two years, CBL method was used. Also,
due to COVID-19 pandemic, teaching had to be in online form.

During the section, majority of students participated actively, reluctance rate was extremely
low. Reluctant students sometimes explained, that they were not asking because they were
afraid of Adam with assumption of possibly aggressive behavior. Adam, on the other hand,
was glad that he could share his life story and perceived his participation as positive.
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4. Discussion

Teaching communication with disabled patients using CBL method has its advantages.
Among advantages is students’ ability to learn to think critically and learn to ask targeted
questions of the disabled patient and his public guardian. This experience strengthens the
feeling of empathy with the patient, and allows getting patient to cooperate in treatment.
Small group setting provides great advantage regarding space for participation of each
student according to his individual needs. Students are familiar with the communication
problem before the lesson. The teacher acts as a facilitator. The facilitator structures and leads
the process according to the situation and time, involves all students equally in the discussion,
promotes trust, openness and sharing of opinions, returns the ongoing discussion to the topic
and goals, helps clarify incomprehensible content, prevents conflicts or resolves them.
Facilitator is the person who prepares the course of the meeting and then accompanies it from
beginning to end. He should play a neutral role (Wilkinson, 2011). Also, this cooperation is
in some sense beneficial to the subject — patient with limited legal capacity and his public
guardian. Public guardian through this intervention gains more insight into specifics of health
communication and learn ways how to resolve inefficient communication.

CBL method has also limitations. We came to an opinion, similarly to Srinivasan et al. (2007)
that controversy remains about which method of small-group learning is most effective, time
efficient, and palatable to the learner and teacher. Involvement of students heavily depends
on student’s personal characteristics, as well as characteristics of his or her study group. It is
crucial that facilitator gives space equally to each group member. Our experience with CBL
teaching method in communication has shown that the role of facilitator is also very
demanding and requires long-term training. “Teachers may adopt this role initially, again to
model appropriate skills or to monitor and adjust progress along the way. Alternatively,
students may be encouraged to develop such skills, sometimes in small groups, in an
explicitly designated role.” (Allchin, 2013, p. 370). Also, facilitator plays the role in
cooperation with patient with limited legal capacity and his public guardian, their personal
relationship and mutual trust. Based on personal relationship between lecturer and patient
with limited legal capacity and his public guardian, it is important that lecturer stays
independent and does not take stand of one of the sides.

Communication skills training is more effective in student-centered applications (Lau &
Wang, 2013). The inclusion of CBL method in the teaching of communication with disabled
patients has its justification, which is mainly seen in improvement of a relationship of a doctor
and patient with disability. The research of Yoo & Park (2015) showed that students and
teachers prefer the didactic method of CBL, because it contributes to the development of
discussion, the topic of the seminar is predefined and it is possible to prepare well in advance.
Teaching based on the use of an inappropriate communication situation leads to an active
solution of the communication problem. This includes the sharing of opinions in a group, as
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well as verbal and nonverbal interaction with a disabled patient present at the seminar. CBL
therefore represents an effective strategy for practicing communication skills, stimulation of
the interest, curiosity and inner attention of individuals, thus supporting active participation
and subsequent motivation to learn. A tangible and realistic case that is used in teaching of
communication is relevant to the clinical environment, thus improving students' motivation
to learn. This is the reason why CBL has been becoming more effective didactic method than
the traditional concept of frontal teaching to improve communication skills, develop
problem-solving ability and motivation to practice effective communication in medical
students. The research on communicative and social skills in medical students conducted in
Spain (Ruiz de Azua et al., 2020) revealed that the medical students who participated in the
study have empathy and active listening skills. However, authors suggest, that in some
students, communication skills do not necessarily improve with training or experience.
Health care professionals need to provide a context in which patients feel able to participate
and to share decisions if they want to, thus ensuring a good experience for those patients
(National Clinical Guideline Centre, UK). Effective communication with a disabled patient
allows the patient get to comply with treatment recommendations.

In future, broader CBL method use would lead not only to improvement of communication
skills, but make learning more efficient. CBL can be potentially performed not only in frontal
way, but might include technologies (online conferencing) in combination with contact
sessions. Ultimately, virtual patient strategy might be developed, with respect to complex
algorithm to stimulate broader variety of both health and life situations.

5. Conclusion

Today, CBL method is still insufficiently used. Although especially in communication (not
only with patient with limited legal capacity) has great potential for future medical
professionals. Wider use of CBL increases the quality of education provided to medical
students, especially in relation to patient care education. By connecting theory with practice,
CBL method evokes deeper motivation, promotes social responsibility, raises awareness of
the complexity of the physician-patient communication process and provides an educational
framework to facilitate the application of basic communication skills, social and behavioral
sciences in the context of personal, emotional and experiential learning. CBL can lead to
improvements in clinical performance, attitudes, empathy as well as improvement in patient’s
compliance.
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Abstract

The main objective of this paper is to describe the programme implemented
through the use of information and communication technologies (ICT) for the
development and acquisition of quality engineering (QE)-related competences
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environment.

Keywords: Covid-19; teaching/learning strategies; higher education;
simulator; online/blended learning; information and communication
technologies (ICT).

This work is licensed under a Creative Commons License CC BY-NC-ND 4.0
Editorial Universitat Politécnica de Valéncia 253



Higher education training in the Covid-19 context

1. Introduction

In industrial organisations, a continuous improvement process (CIP) is a basic resource for
generating long-term competitive advantage. To remain competitive over time, industrial
organisations must develop a continuous improvement (CI) culture by implementing a CIP
(Unzueta, Esnaola, & Eguren, 2020). Universities have therefore incorporated training
programmes into their curricula to develop competences related to CI and quality engineering

(QE).

The traditional approach to teaching these competences comprises classroom lectures, where
students do not have the opportunity to develop first-hand experience in the application of
manufacturing techniques New training techniques that combine the teaching of elementary
concepts with their application help create a suitable environment for learning and the
development of the aforementioned competences, where practical knowledge is transferred
and decision-making is worked on (Juan, Loch, Daradoumis, & Ventura, 2017). In higher
education (HE), different products, such as paper helicopters and catapults have been used to
apply improvement techniques and methodologies in a face-to-face environment to help
students acquire the necessary competences related to QE and DMAIC Six Sigma (SS) (J
Antony & Banuelas, 2002; Jiju Antony & Jiju Antony, 2001; Eguren, Bertlin, Rehunen, &
Unzueta, 2020; Unzueta, Orue, Esnaola, & Eguren, 2018).

However, the coronavirus pandemic (Covid-19) forced a transformation of the prevailing
education models in HE. This transformation has focused on reducing classroom attendance
through the support of information and communication technologies (ICT), necessitating new
training models that combine the teaching of basic concepts with the practical application of
these concepts through the use of ICT (Ali, 2020; Sa & Serpa, 2020).

The aim of this paper is to describe how the transformation of the training and coaching
process has been organised to train the students of the Master in Business Innovation and
Project Management at Mondragon Unibertsitatea (MU) to acquire the necessary knowledge
and skills in QE to help them develop skills in the closest possible environment to production.
This transformation changed the process from a 100% face-to-face environment with face-
to-face practice (Eguren et al., 2020) to a blended environment combining theoretical lessons
with simulations based on ICT to overcome the limitations generated by the Covid-19
pandemic.

2. Methodology

To analyse the implementation of a new training programme, a qualitative case study research
methodology was applied (Baxter & Jack, 2008), and the following sources were used for
data collection: direct observation, participant observation, interviews with students, student
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satisfaction surveys and the documentation and files generated by each student’s team to
solve the presented problem (Yin, 2013).

The training programme was based on dynamic learning (DL) (Baird & Griffin, 2006), which
is based on learning by doing and reflecting on the process. The team of professors developed
and presented a problem, and the student teams developed a case in which they applied the
improvement methodology based on the Six Sigma DMAIC (Pyzdek, 2003), which we call
DMAIC-7P (Eguren et al., 2020) (Figure 1), to solve this problem.

C: Control D: Define

P7: Reflection on P1: Problem
the process identification

C: Control M: Measure

P6: Standardising P2: Collect and
results analyse data

A: Analyse
P3: Analysing the

C: Control
PS: Check result

I: Implement

P4: Planning and
implementing
solutions

Figure 1. Six Sigma DMAIC — 7P Methodology.

The competence developed through the training programme is as follows: Uses quality tools
to ensure that the production of a product or the provision of a service meets customer
specifications.

Working in teams of four, the students applied the theoretical concepts they had been shown
to a specifically designed problem or case, using as input the data provided about the problem
to be solved. The developed case involves the optimisation of a plastic injection machine.

The process was carried out in a blended learning format, with the support of a Moodle
platform where all the information was stored in a repository, including the theoretical files,
the case description, the DMAIC-7P method templates, the injection process simulator in
Excel format, the individual data of the plastic injection machine for each of the eight teams
and remote access to Minitab software.

The training module lasted 20 hours and was delivered in two groups (morning and
afternoon) to limit the number of participants and for teachers to have more time to attend to
each team. Figure 2 shows the structure of the module and the contents to be covered in each
session, including the type of session (face-to-face or online). In the face-to-face classes,
priority was given to teaching the theoretical concepts and drawing conclusions from each
phase of the methodology. In the online classes, tutorials were held with each team to guide
their work.

255



Higher education training in the Covid-19 context
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1- Introduction to the Continuous Improvement Process (CIP)
1.1 The CIP and industrial competitiveness

1.2 Continuous Improvement (Cl), processes, programmes and models

1.3 Key elements of a Continuous Improvement Model (CIM) CASE LAUNCH |

1.4 Deployment of a Continuous Improvement Process (CIP) ) ‘
2- Six Sigma Methodology for process improvement
3- DMAIC Methodology for Six Sigma Projects

3.1 Phase 1: Identifying the problem (DEFINE) it il
3.2 Phase 2: Collect and analyse data (MEASURE)
3.3 Phase 3: Analyse the causes (ANALYSE) i)
3.4 Phase 4: Plan and implement the solution (IMPLEMENT)
3.5 Phase 5: Verify Results (CONTROL) G 0o e
3.6 Phase 6: Standardise Results (CONTROL) Phase6-7. | presentation
3.7 Phase 7: Reflect on the Process (CONTROL) ‘é
5. Checkpoint test + presentation of work ‘

Figure 2. Module Structure and Planning.

The researchers observed the work done by each team and drew conclusions about the
evolution of the training process. To evaluate the acquired skills, each team gave an oral
presentation where they showed their results and reflected on the training process followed.
Afterwards, the teachers and the researchers gave feedback on the observations made and the
evaluation of the completed work.

The final evaluation of each student was carried out taking into account the group work
performed, and an individual exam was administered through the Moodle platform, where
the students demonstrated acquisition of the knowledge and competences related to QE.

3. Developed Learning Process

In the first training session, which was held face-to-face, the teaching team presented the
concepts related to CI: CIP and industrial competitiveness, the differences between CI
programmes, CI models and CI processes, the key elements of a CIP and how to properly
deploy a CIP. During this session, the framework that the DMAIC-7P Six Sigma process
improvement methodology focuses on was explained.

In the second session, held online, the DMAIC-7P methodology was explained in depth. In
this session, the structure of the methodology, its phases and the main tools used in each
phase were explained, as was the information deposited in the Moodle repository to be used
by each team—the template for the application of the DMAIC-7P methodology, the injection
process Excel simulator and the data to be used by each team. At the end of the session, the
case to be developed was explained and given to each team. Each team was given different
data, which forced the teams to develop their own cases.

In the subsequent sessions, each team developed the case individually using the data it
received and the injection process simulator. The face-to-face sessions imparted the
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theoretical concepts and the application of the main improvement tools to the whole group
and discussed the tasks carried out by each team so far. In the online sessions, each team
developed its case telematically and held scheduled telematic meetings with the team of
teachers.

To develop the first phase (P1: Define and identify the problem), the work teams used the
information provided in the case description prepared for each team. Each team defined its
own project, identifying a flow chart of inputs and outputs of the process using the SIPOC
tool and the output of the desired injection process.

In the second phase (P2: Measure and collect data), the teams analysed the quantitative
information prepared for each team using different tools (e.g. Ishikawa, histograms, Pareto,
regression or time plots) to clearly identify their specific problem. As shown in Figure 3, each
team used the simulator to define the approximate levels of the process parameters (input)
and to achieve the desired injection process output.

a_ = _ = - - - Experiment 7
Plastic injection machine simulator number

INPUT

Polymer Mold Injection Compaction Cooling down
temperature temperature presion time time

[ 20 [ s | 70 [ a2 [ o |

OUTPUT

Result of experiment

Weight of the part

RUN
RESET EXPERIMENTS
- EXPERIMENT

Polimer Mold Injection Compaction Cooling down | Weight of the
temperature temperature presion time time part

1 260 770

2 250 45 790 11 9 11,51
3 250 45 790 11 9 11,51
4 250 45 790 11 9 11,47
5 250 45 790 11 9 11,47
6 250 45 790 11 9 11,55
7 250 45 790 11 9 11,42

Figure 3. Injection Machine Excel simulator (Own elaboration).

In phases 3 and 4 (P3: Analyse; P4: Implement), which relied mainly on design of experiment
(DoE) tools (e.g. ANOVA, factorial design-2¥, fractional factorial design-2*P, t-test and
regression), each team precisely identified the appropriate levels of the input parameters of
the injection process (Figure 4). In control phases 5 and 6 (P5: Verify and P6: Standardise),
using the simulator to obtain the necessary data from the injection process, the work teams
carried out the necessary data treatment to develop the control charts identifying the process
control limits, establish the process control sheets and measure the process capacity (Figure
5).
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Figure 5. Example of a Control Chart and Process Capacity Analysis Completed by Students.

In the last phase (P7: Reflection), each team carried out a global reflection on the work
developed and the methodology followed for its correct execution. Through group reflection,
the students obtained a global vision of the improvement process, assimilating the
improvement possibilities that the application of the DMAIC-7P methodology allows for
achieving and understanding the relationship of the improvement tools applied individually.

Table 1 shows the main improvement tools applied in each phase of the DMAIC-7P
methodology.
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Table 1. Quality Tools Applied in each DMAIC Phase.

Define Measure Analyse Implement Control

Phase 1 Phase 2 Phase 3 Phase 4 Phase 5 Phase 6 Phase 7

Identify Collect Analyse Plan and Check  Standardised Reflection
the the data the implement results results

problem causes solutions

SIPOC

Project
charter

Ishikawa
Histogram
Pareto
R&R

SPC
Regression
t-test

Time plot

ANOVA

DoE 2k- 2k»

4. Conclusion

During the learning process implemented through the use of ICT in a blended learning
environment, the students acquired technical competences (using quality tools to ensure that
the production of a product or the provision of a service meets customer specifications),
transversal competences (the ability to develop technical reports, develop oral presentations
and conduct face-to-face and online teamwork) and competences related to the use of ICT.

In the reflection phase of the DMAIC-7P methodology, the students gained an overview of
the process improvement methodology, identifying what new knowledge, skills and tools
they applied during the teamwork. The results of the exam taken by each student showed
whether the students acquired the pre-identified technical competence and necessary QE
knowledge. In addition, the research team observed how the injection moulding process
simulator satisfactorily replaced the products used in previous years for the practical
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application of the theoretical knowledge acquired in the 100% face-to-face classes, allowing
the application of the DL model in a non-face-to-face format. The feedback received from
the students was satisfactory and similar to that from previous years.

In conclusion, although non-face-to-face classes limited the capacity for interaction between
teacher and students, based on the exam results and direct observation, the research team can
confirm that the knowledge acquired enabled the students to develop competencies related to
the use and application of quality tools, thus overcoming Covid-19 pandemic-related
constraints.
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Abstract

Due to the COVID-19 pandemic, in March 2020, the Innovation Management
& Design Thinking course at NOVA IMS suddenly transitioned to a 100%
online setting after only two presential classes, requiring adaptations to the
learning experience, course materials and class dynamics. There were
concerns that the learning experience would suffer and if it would be possible
to promote empathy in an online environment. This study evaluates the impact
of this disruption on the learning experience, student performance and
engagement by comparing the final grades, applying two surveys and
conducting in-depth interviews. Our results show that instead of a contingency
situation, it turned out to be a transformative experience. Learning
performance and engagement were not meaningfully affected, as students were
just as able to commit to their innovation projects and produce quality
outcomes. We propose that blended learning experiences will leverage the best
of both online and presential worlds in the future after COVID-19 and offer
specific suggestions drawn from the collected data. The results are valuable
for lecturers — from any course — who want to improve their learning
experience in the new reality after the COVID-19 pandemic.
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1. Design Thinking in the data-driven economy

NOVA IMS’s motto, “From data to value”, encompasses its mission to train leaders capable
of working in a global and competitive environment, combining innovative investigation
with a stimulating and creative teaching environment. While it is clear that jobs in the data-
driven economy require analytical skills, uniquely human skills, such as persuasion and
communication, are not usually supplied in education. However, they have gained increased
importance in the industry (Borner et al., 2018). The Future of Jobs Report (World Economic
Forum, 2020) identifies analytical thinking and innovation, active learning, complex
problem-solving, critical thinking and creativity as the top 5 skills for 2025. Today, any data
scientist, manager, marketeer or any other professional that uses data to solve business
problems requires these skills to succeed. In this context, NOVA IMS created the Innovation
Management and Design Thinking (IM&DT) curriculum, a 14-week course to combine
qualitative and quantitative approaches to solve complex business or societal challenges.

Design Thinking is a thought process that “brings designers’ principles, approaches,
methods, and tools to problem-solving” (Brown, 2009). It can also be defined as “a human-
centred innovation process that emphasizes observation, collaboration, fast learning,
visualization of ideas, rapid concept prototyping and concurrent business analysis”
(Lockwood, 2009). The course was structured according to the three phases of Design
Thinking defined by Brown (2009): Inspire, Ideate and Implement. Table 1 summarizes the
objective of each phase and the essential tools used.

Table 1. Design Thinking stages and used tools.

Stage Goal Design Thinking Tools used

Inspire Empathize with users, Exploratory research (benchmarking, trend analysis,
understand user parallel universes, literature research), ethnographic
needs, formulate research (interviews, user journey mapping), visualization
design problems (capture of ideas and concepts in a whiteboard, mind

mapping) and synthesis (finding patterns in research,
identify personas, formulate insights).

Ideate Apply creative and Brainstorming, divergent thinking techniques, visualization
divergent thinking (capture of ideas and concepts in a whiteboard), idea
techniques to prioritization (scoring and selecting ideas for
generate and refine implementation based on their desirability, feasibility and
ideas viability).

Implement  Prototype and test Prototyping (storyboards, digital or physical mockups),
assumptions user testing (synchronous and asynchronous).
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Design Thinking’s benefits as an approach to innovation and problem-solving have been
described in the literature (Buchanan, 1992). The fact it can be used effectively by
inexperienced teams (Seidel, 2013) and designers and non-designers alike (Brown and Katz,
2011) are two of the main reasons for its popularity as an innovative approach. Design
Thinking has been shown to increase group task reflexivity, manifested through more debate
in the group, which correlated with more successful outcomes (Seidel, 2013), and to reduce
cognitive bias (Liedtka, 2015).

1.1. COVID-19 impact on the course

The second class of Innovation Management and Design Thinking at NOVA Information
Management School (NOVA IMS), held on March 10™, 2020, was the last face-to-face class
of the semester. Due to the COVID-19 pandemic lockdown, professors had one week to move
their classes to a 100% online setting, which implied rethinking the experience, study
materials and in-class dynamics.

Being Design Thinking a collaborative and people-centred methodology, moving to an online
synchronous setting would impact all stages of its process. This way, we applied alternative
tools to each stage of the Design Thinking methodology, as presented in Table 2.

Table 2. Methods used in each Design thinking stage for face to face and online classes.

Stage Face to face class method Online class method

Group Groups assigned by students Groups predefined based on the students'
Formation profile

Inspire Face to face ethnographic research ~ Online ethnographic research (interviews

(interviews and field observations)  and customer journeys)

Ideate In-class brainstorm using Online brainstorm using virtual
whiteboards and post-it notes whiteboards like Mural or Viima
Implement Physical prototypes and face to Digital prototypes and virtual testing
face user testing (synchronous and asynchronous)
Final Pitch In-class presentations Online presentations

Furthermore, we increased the available time for student coaching outside of class, recording
the classes and increasing the course material available online (including short videos with a
summary of the ideas discussed in each class). Throughout the semester, we openly checked
in with students. We asked for feedback, as we were all going through the same disruptive
experience together and would need constant feedback to adjust.
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To measure the impact of the changes implemented in the Innovation Management & Design
Thinking course, we monitored the learning experience on overall learning performance,
student satisfaction, learning experience and student engagement.

1.2. The Design Thinking challenge and participants

The course of Innovation Management and Design Thinking is based on real-world
challenges allowing students to practice the theoretical concepts covered. Every edition of
the course has an industry partner proposing a challenge to students. For the 2020 edition,
NOVA IMS itself challenged the students to envision a new academic building that promoted
innovation, inclusivity and sustainability.

The class had 47 students from different backgrounds: 10 nationalities, 5 different
backgrounds (health, management, marketing, data science and engineering) and different
seniority (from recent graduates to 20+ years of work experience). The fact that the course is
elective to different NOVA IMS programs increases student diversity. To leverage this
diversity and produce more disruptive outcomes in the innovation project (Edmondson and
Nembhard, 2009), students were assigned to groups using a specific procedure. First, we
apply a questionnaire to students measuring different dimensions: academic background,
personality traits, demographics and work experience; then, we clustered students based on
each dimension, obtaining a final cluster solution with similar students; we then assign to
each group students from each of the cluster, allowing a more diversified set. Over 14 weeks,
the students worked on the project, following the stages listed in Table 1, and ending with a
final pitch presentation to the NOVA IMS Dean.

2. Data Collection and Analysis

For evaluating the impact on learning performance, we compared the grades from 2018/2019
(pre-COVID-19) and 2019/2020 (during COVID-19) academic years. For student
satisfaction, we compared the results of the class evaluation survey that the university uses
to assess all its courses' quality. The response rates for this survey was 50% for 2018/2019,
corresponding to 20 students, and 36% for 2019/2020, corresponding to 17 students. To
measure the impact on the learning outcomes, we compared the grades for the project work
in both years.

Finally, we handed out a survey at the end of the semester and interviewed students from
both years to enrich the survey findings. In the case of student engagement, which has been
defined as investment or commitment (Marks, 2000; Newmann, 1992), the survey questions
focused on the three dimensions of engagement — behavioural, emotional and cognitive
(Henrie, Halverson and Graham, 2015) — which students answered on a Likert scale.
Concerning the impact on the learning experience, we asked students to rate different
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activities as "more difficult”, “the same” or “better”, comparing face-to-face to online. We
received 25 responses to this survey, 16 from 2018/2019 and 9 from 2019/2020.

To explore in more detail the impact of the transition, we performed 8 in-depth interviews (4
from 2018/2019 and 4 from 2019/2020), inviting students to provide examples of situations
to illustrate their feelings., and interviewed.

3. Results and discussion

Overall, the results show that the transition to 100% online classes did not significantly
impact the learning performance, student satisfaction and student engagement. When
comparing 2019/2020 (during COVID-19) to 2018/2019 (pre-COVID-19), grades improved
by 7%, student satisfaction increased by 2% and student engagement increased by 1%. These
results indicate that the adaptation of the teaching techniques to a 100% online environment
effectively maintained the overall quality of the learning experience.

When looking in detail at different day-to-day activities of the learning experience, we
observe that some were affected positively and others negatively in others, as depicted in
Figure 1. Discussion in class, asking the professors for feedback and keeping focus during
class was perceived as “more difficult” in online classes. Lecturers should have these three
moments in mind when planning online or blended courses. For instance, use techniques for
more effective discussion online, such as breakout rooms or using the chat for student
prompts, schedule moments both in class and outside of the class for students to ask for
feedback and adapting active learning techniques in the online environment to enhance
student focus and engagement in an environment that is typically filled with distractions
(laptops and smartphones).

Doing presentations online was equally perceived as worse, better, and the same, which
indicates that it does depend on the context as much as on the students' preferences. Some
interviewed students explained that they felt more comfortable presenting online due to
feeling less exposed, while others missed assessing the audience’s reaction face-to-face.
Working as a group and motivation to attend classes were perceived as slightly better in an
online environment. Interviewed students said it was better not to have to commute home in
the evening, and it was more comfortable to attend the class from the comfort of their home
after a tiring workday since the class was held in a night-time schedule. Additionally, the
interviews revealed that students were already doing group work online previously to the
pandemic, only getting together for two specific reasons: socialization or when a physical
deliverable was required (e.g., project board).

267



Teaching Design Thinking in times of COVID-19: an online learning experience

Motivation to attend classes - _
Working as a group -_
Doing presentations [N I
Keeping focus during class _-

Ackin te pofosorsfor feocack | I
Dicusionincos: N

b

=
]

=)

2 3 4 5

= It was more difficult = It was the same It was better

=]

Figure 1. How students felt about online learning experience comparing to on-campus experience.

From the analysis of the students’ interviews on each of the Design Thinking process phases,

we concluded that the Group Formation and Inspire phases were positively impacted by
online teaching. The Ideate phase was negatively impacted whereas the Implement phase

and the Final Pitch were not significantly impacted by the change, as summarized in Table

3.

Table 3. Online methods impact per stage of design thinking

Stage Online class method Change
Impact

Group Groups assigned by an algorithm, following a questionnaire Positive

Formation

Inspire Online ethnographic research (interviews and customer Positive
journeys)

Ideate Online brainstorm using virtual whiteboards like Mural or Negative
Viima

Implement Digital prototypes and virtual testing (synchronous and Neutral
asynchronous)

Final Pitch Online presentations Neutral

Concerning Group Formation through the sorting algorithm, students reported that they felt

they had “complementing profiles in the group” and that “the assignment of the groups was

fair and easier since we did now know the other classmates”. During the Inspire phase, going

online facilitated the interview process: “interviewing people online was really practical”.
We observed an increase in the number of interviews done by students compared to previous
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years when face-to-face interviews were the standard. Students reported that the quality of
the interviews was not affected: “The quality of the conversation is more important — it had
to feel like a casual conversation and not an interview. The fact that it was online did not
matter.” When asked about the Ideate phase, interviewed students from 2018/2019 reported
that “we created a fun environment in class for the brainstorming sessions, with snacks and
beverages, which stimulated the flow of ideas. The excitement was contagious, and we even
participated in the brainstorms of other groups.” The experience of students was poorer —
each group brainstormed online on their own — and students did not report the same level of
excitement: “brainstorming was difficult, we felt lost about what to do.” During the
Implement phase, students did not report any difficulties in building their prototypes in an
online context. The main difference from previous years was that students opted more for
digital prototypes over physical ones.

4. Conclusions

When we were forced to teach IM&DT online due to the COVID-19 pandemic suddenly, we
assumed that the learning experience would change: would it be possible to promote empathy
and human connection in an environment where everyone would be remote and isolated? It
turned out to be not a negative experience but a transformative one. We learned meaningful
insights that will impact the learning experience and teaching methodology in post-COVID
times.

The results from this study show us that, essentially, it is not a question of online versus face-
to-face classes but a matter of how we can leverage the best of both worlds. The students’
feedback we collected showed us that being online provides advantages in terms of comfort
and time management for classes that function in night-time schedules — especially for
working students. The evidence points to students demanding more blended learning formats
in the future. As an implication, professors will need to adapt their curriculum and methods
to this new reality, bearing in mind that teaching online cannot be done in the same way as
on-campus. Three adaptations recommended from this experience that addressed the
observed limitations of online teaching are 1) to provide additional time outside of class for
student coaching and feedback, 2) to make available “offline” the lessons learned in class
(e.g., by recording classes or releasing short videos with a summary) to compensate the
greater difficulty of keeping focus in an online class and 3) to find ways to promote discussion
in the online medium similar to face to face discussions.

While students prefer the online environment for group work and theoretical classes, the on-
campus experience enhanced brainstorming activities and enabled socialization. The
traditional classroom built for passive learning is obsolete (Benade, 2017). How we envision
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learning spaces in the future should reflect and support these needs and new active learning
methodologies.
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Abstract

This research examines the attitude of faculty lectors, Information Technology
students (IT) and humanitarian students (HS) towards the aspects of forced
distance learning (DL) due to Covid-19. About 70% of the surveyed IT students
and 50% of HS believe that DL can fully replace face-to-face classes and
completely switch to DL, about 70% of lecturers have the opposite opinion. At
the same time, IT had a 4.5 times higher chance of a positive attitude towards
the transition to DL than HS. The majority of all respondents consider that
their own notes are important and that classroom learning is better than
online. At the same time, among IT that are ready to switch to DL, 69.03%
believe that the perception of educational material is better in the classroom.
Fewer IT students (30.1%) than HS (68.2%) and lecturers (100%) consider
that printed textbooks are important. About 70-90% of students consider that
the following DL disadvantages are important: communication difficulties,
cocial isolation, the need of self-discipline and self-motivation and fears that
the employer will not appreciate the knowledge gained from DL. For the
majority of IT, lack of student events is significant, and for the majority of HS,
lack of competition between students is important.
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1. Introduction

The World Health Organization (WHO) announced the global COVID-19 pandemic on
March 11, 2020 (Cucinotta & Vanelli, 2020). Due to the need for social distancing (Nanotkar,
Dhanvij, & Joshi, 2020), most educational institutions have completely or partially stopped
teaching in classrooms (UNESCO, 2021), switching to distance learning (DL) (Kaur, 2020).
Despite the fact that distance learning has long been used by many universities and has
significant positive aspects (Oliveira, Penedo, & Pereira, 2018; Kattoua, Al-Lozi, &
Alrowwad, 2016; Choudhury, & Pattnaik, 2020), many educational institutions faced various
problems due to the complete rejection of classroom studies (Adnan & Anwar, 2020). Many
experts say that the forced transition to DL will not end quickly (Potvin, 2021) and may be
repeated in the future. In addition, new experience in the educational process, the introduction
of digital technologies and the improvement of teaching methods that appear at the present
time can be successfully used in the future. Consequently, the issues of adapting all aspects
of the educational process to the situation of learning in isolation for full-time students are
relevant and require solutions.

To search for answers to such questions, first of all, it is necessary to find out which aspects
of DL arouse rejection among full-time students, and which, on the contrary, are perceived
positively. It is necessary to identify the most problematic points, to understand how to
provide the educational environment required by full-time students. Eight types of e-learning
success factors in higher education are identified: technological, institutional, pedagogical,
management, ethical, assessment, resource and social interaction (Basak, Wotto, & Bélanger,
2016). Also, when adapting the educational process to a situation of isolation, the type of
specialization of students may matter. It is likely that computer science students may be better
at distance learning than humanitarian speciality students (Phillips, 2020). In this study, the
questions relevant to universities were considered, the answers to which will help to adapt
the learning environment and students to a new era in the system of higher education.

2. Method

2.1. Participants

During the research were interviewed 199 full-time first-year students of Riga Technical
University (Latvia) Faculty of Computer Science and Information Technology (33.7%
females, 66.3% males), as well as full-time students of the humanities in tourism, advertising
and social sciences (HS): 34 students of Baltic International Academy (Latvia) and 49
students of Financial University under the Government of the Russian Federation (Russia)
(57.8% females, 42.2% males). In addition, 40 lecturers from these universities were
interviewed (70.2% females, 29.8% males). The survey took place in December 2020, after
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the end of classes. The average age of students was 20.18 (SD = 1.48 years), lecturers — 42.78
(SD = 8.53 years)

2.2. Instruments

An electronic questionnaire was developed with 22 questions, not including gender, age,
faculty and university. To study the attitude of full-time students towards distance learning,
they were asked 2 questions:

1. Please answer, would you agree to completely switch to distance learning, if at the
same time there was an opportunity for both face-to-face and distance consultations?
(Answers: Yes; Rather yes than no; Difficult to answer; Rather no than yes; No)

2. Do you agree that distance learning, in most cases, can fully replace learning in the
audience? (answers: Strongly agree; Agree; Partly agree; Disagree; Strongly
disagree)

It was also investigated the attitude of students to online and classroom studies, as well as the
importance of their own notes, printed and electronic study materials. To assess the
deficiencies of distance learning, a semantic differential from 0 to 3 was used, where 0 — does
not matter; 3 — very important, wherein such factors were assessed: Communication
difficulties with lecturers, Communication difficulties with fellow students, Lack of student
events, Social isolation, Lack of competition between students, The need of self-discipline
and self-motivation, Fears that the employer will not appreciate the knowledge gained from
distance learning.

2.3. Statistical data analysis

Frequency data are presented as relative (%) and absolute numbers (n) of respondents.
Fisher's exact test (FET) was used to evaluate 2x2 contingency tables. The critical level of
significance when testing statistical hypotheses was taken equal to 0.05. Odds ratio (OR) was
considered significant if there was no value equal to 1 between the confidence intervals (CI)
and OR. Bonferroni correction was used in multiple comparisons.

3. Results

The current life situation for lecturers and students made it possible to assess the attitude
towards the possibility of completely replacing full-time studies with a distance form for full-
time students (Table 1). The research revealed dependence of the possibility of such a
transition from the type of specialization of students: there were more IT students (73.8%)
among those who had a positive attitude to this possibility (73.8%) than among the
humanitarian students (51.4%) (p = 0.0000). At the same time, the chance to meet a positive
attitude towards the transition to DL among IT students was 3.3 (95% CI 1.90-5.88) times
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higher than for HS, and 8.2 (95% CI 3.87-17-48) times higher than for humanitarian specialty
lecturers. The attitude to the full transition to distance learning among the surveyed groups
was similar to the answer to the previous question: the chance to meet a positive attitude
towards the transition to DL among IT students was 2.1 (95% CI 1.15-3.76) times higher
than that of HS, and 9.5 ( 95% CI 4.08-22.0) times higher than that of lecturers of
humanitarian specialties. However, the opinions of HS and L differ (p = 0.0007), in this case
the chance of a positive attitude towards the transition to DL for IT was 4.5 (95% CI 1.81-
11.42) times higher than for HS.

Similarly, the opinions of the respondents on the attitude to classroom studies differed in
comparison with the online form. However, in this case, the majority of all respondents
consider classroom studies to be more effective than online. Among IT students who believe
that distance learning can completely replace face-to-face classes, 69.03% believe that the
perception of educational material in the classroom is better. The DL experience gained by
full-time students allows us to answer the question about the need for study materials in paper
and electronic form. All lecturers believe that print editions are important to the learning
process. This opinion differs from the students opinion. At the same time, the majority of IT
students (69.9%) do not consider printed textbooks important, the chance of meeting such an
opinion among them is 5.0 times higher than among HS.

For distance learning, each university already has developed technologies, which, as a rule,
significantly differ from full-time studies. One of the important features of full-time learning
is that studens use their own notes and lecturers, as a rule, take this into account when
preparing lectures and interacting with students during classes. How important is it for full-
time students to have their own notes in distance learning? Is it needed to pay attention to
notes when conducting distance classes? The results force us to answer these questions
positively: the majority of all groups of respondents consider their own notes to be important
and their opinions on this issue do not differ.
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Table 1. Attitude of full-time IT and HS students and lecturers (L) to distance learning and
teaching materials. p-Values were calculated with Fisher’s exact test.

IT,n (%)  HS,n (%) L,n(%) p(IT/HS) pdT/L) p(HS/L)

Distance learning can most often completely replace face-to-face classes
Yes 155 (73.8) 38(51.4) 12 (30.0) 0.0000 0.0000 0.022*
No 44 (21.0) 36 (48.6) 28 (70.0)
Consent to full DL transition with face-to-face consultations
Yes 127 (70.9) 34 (54.0) 8 (20.5) 0.011 0.0000 0.0007
No 52(29.1) 29 (46.0) 31(79.5)
Learning material is perceived better during lectures by the audience than in online form
Yes 143 (71.9) 65 (87.8) 38(95.0) 0.004 0.0006 0.2*
No 56 (28.1) 9(12.2) 2(5.0)

The importance of using printed study materials

Important 47 (30.1) 45 (68.2) 38 (100.0) 0.0000 0.0000 0.0000
Not
Important 109 (69.9) 21 (31.8) 0(0.0)

The importance of electronic study materials

Important 194 (99.0) 73 (100.0) 39 (100.0) 0.5 0.7 -
Not
Important 2(1.0) 0(0.0) 0(0.0)

The importance of your own notes

Important 123 (77.8) 52 (76.5) 31(93.9) 0.5 0.022* 0.025%*
Not
Important 35(22.2) 16 (23.5) 2 (6.1)

The quality of learning mostly can be determined by the difficulties which students
encounter. This is especially important in situations when students initially chose full-time
education, but were deprived of such an opportunity. To create a more favorable
environment, it is necessary to know the problematic points and their significance for
students. Research results showed that DL deficiencies such as Difficulty communicating
with lecturers, Difficulty communicating with group members, Social isolation, Need for
self-discipline and self-motivation, and Fear that DL quality would be poorly assessed by an
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employer, were equally significant for most IT and HS (Table 2). At the same time, there

were differences between IT and HS:

— there are more students among IT (56.3%) than among HS (37.3) (p = 0.003) for whom
the lack of competition between students does not matter. It should be noted that this
parameter is significant for a smaller number of students in comparison with other DL
disadvantages.

— there are more students among HS (43.4%) than among IT (27.1%) for whom Lack of
student activity in DL does not matter.

Table 2. The attitude of IT and HS full-time students to the negative factors of distance
learning. p-Values were calculated with Fisher’s exact test.

Parameter Importance IT, n (%) HS, n (%) p

Communication difficulties with lecturers No 20 (10,1) 12 (14,5) 0.2
Yes 179 (90.0) 71 (85,5)

Communication difficulties with fellow No 34 (17,1) 22 (26,5) 0.052

students Yes 165 (82.,9) 61 (73,5)

Lack of student events No 54 (27,1) 36 (43,4) 0.006
Yes 145 (72,9) 47 (56,6)

Social isolation No 28 (14,1) 17 (20,5) 0.1
Yes 171 (85,9) 66 (79,5)

Lack of competition between students No 112 (56,3) 31(37,3) 0.003
Yes 87 (43,7) 52(62,7)

The need of self-discipline and self- No 31 (15,6) 11 (13,3) 0.4

motivation Yes 168 (84,4) 72 (86,7)

Fears that the employer will not ap- No 49 (24,62) 19 (22,89) 0.4

iate the knowl ined from DL
preciate the knowledge gained from Yes 150 (75.38) 64 (77.11)

4. Conclusion

The results of the study showed that the majority of IT and almost half of HS believe that DL
can most often completely replace face-to-face classes and are ready to completely switch to
this form of education, in contrast to lecturers. At the same time, almost all students and
lectors consider electronic learning resources to be important. The habits of using learning
materials by full-time students, as a rule, differ from those who study remotely. For

276



Diana Zagulova et al.

comfortable learning of students, they must be provided with educational materials in the
form they prefer. Is there a need for printed manuals and does the lecturer need to structure
the lesson so that students can take their notes? The answers to these questions are important
because not only the preparation of learning materials, but also the structure of the lessons
depends on them. Studies have shown that most students consider their own notes to be
important, while unlike IT, most HS students need printed materials, which coincides with
the opinion of their lecturers. The attitude of IT students towards DL is not unusual, as many
IT science students have chosen to work with podcasts rather than attend lectures (Phillips,
2020).

Learning online can make it harder for students to focus than classroom learning (Aristovnik,
Kerzi¢, Ravselj, Tomazevi¢, & Umek, 2020). Also with DL, it is not possible to ask the
lecturer questions when they arise, as is possible during classroom sessions (Oliveira,
Penedo, & Pereira, 2018). Apparently, this is why most of the students surveyed, even those
who agreed to a full transition to DL, believe that classes in the classroom are more effective
than online.

DL has both advantages and disadvantages according to many researchers (Oliveira, Penedo,
& Pereira, 2018). Two main problems of DL are indicated: the need for self-discipline and
its lack for many students (Oliveira, Penedo, & Pereira, 2018; Bao, 2020). Almost all full-
time students noted the importance of the problem of the need for self-discipline and self-
motivation. It is believed that many students in the COVID-19 cohort will worry about the
prospective disadvantage compared to those who studied “normally” (Daniel, 2020). Our
results are consistent with this, because the majority of students expressed concern that DL
quality would be poorly rated by employers.

Social factors are important for students, such as communication (Markova, Glazkova, &
Zaborova, 2017), support from lecturers (Lee, Srinivasan, Trail, Lewis, & Lopez, 2011),
involvement (Coates, 2005), collaborative learning. (Zhu, 2012). According to the results
obtained, social isolation and communication difficulties are assessed by most students as a
negative factor. Consequently, the educational institution should consider the possibilities of
ensuring these functions even in isolation, guided, for example, by recommendations (Bao,
2020).

The study revealed the necessary aspects that are important in addressing the issues of
adapting the educational process during isolation. In addition, it showed some distinctive
features of the attitude towards DL among IT and HS students.
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Abstract

University lecturers worldwide had to adopt to online teaching at very short
notice due to restrictions related to COVID-19. This is a particular challenge
for social sciences research methods education, which often requires face-to-
face interactions.

Data from an online survey of lecturers (n = 105, March 2020) who teach
social science methods and methodology at Austrian public universities was
used to discuss their adaption behavior and the corresponding determinates.
Consequently, a measure for the rate of adaption of teaching materials and
methods per lecturer was constructed and a linear regression model employed
to discuss the determinants of this adaption.

The results show the following: Understanding online teaching as a permanent
solution for the future, the extent of an individual’s teaching load and a tenured
employment were identified as significant influences fostering the adaption of
teaching methods and materials to the online context. The predictors
discovered differ from previous studies, and it has to be assumed that the
adaption behavior in the wake of the pandemic had a profound impact on the
ongoing digitalization of university education.
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1. Introduction — How Research and Methods Education Changed Overnight

The devasting impact of the COVID-19 pandemic became obvious in the spring of 2020 and
many educators had to instantaneously adapt their teaching style towards a new reality of
online-based distance teaching. How far did such changes go? What could really be changed
at short notice? And who was willing to adapt their lectures more substantially than others?
Those questions are at the core of the following paper which tries to explain how Austrian
social science educators responded to the pandemic in the summer semester 2020, as they
had to readjust for online teaching and online courses over a few weeks. Despite the fact that
this abrupt change has been an unusual experience in many ways (Watermeyer et al., 2020),
it allows for the discussion of teaching pedagogy in a field of teaching that is typically defined
by the fact that there is a canon on content that has to be taught, but that the teaching styles
are highly dependent on individual experiences and personal relationships (Nind &
Lewthwaite, 2018).

The following section 2 illustrates the relevance of discussing research methods education,
key aspects regarding the acceptance of online teaching before the pandemic struck and what
may have influenced the changes in teaching in 2020. Afterwards, the data used will be
described (3), before section 4 provides both insights into the changes in research methods
teaching and potential explanations. A conclusion (5) closes the paper.

2. Factors Influencing Changes and Innovations in Social Science Research
Education

Research methods education is a basic foundation of social science curricula as it provides
students with the means to conduct primary research and distinguish between trustworthy
empirical claims from invalid assertions (Wagner et al., 2011). Accordingly, it is not only
one of the most employment-relevant aspects of the associated programs but also among the
most challenging in university teaching for both students and lecturers (Earley, 2014; Wagner
et al., 2011). It typically relies on in-person courses, often tied to in-person tutorials, group
work and other interaction-intensive tasks, such as data collection (e.g. via interviews, face-
to-face surveys), which are also typically part of social science research training (Michaelsen
& Sweet, 2008; Prandner & Tabakovic, 2019). All these aspects were in conflict with Covid-
19 regulations issued during the early stages of the pandemic in most countries. Accordingly,
this necessitated new pedagogical strategies in terms of teaching research methods. This is
of relevance, as it made adapting — at least in some form — to distance learning via online
tools necessary. However, this form of teaching is still highly contested in academia, with
educators rejecting it, having a skeptical perspective on it or using it simply because of
pragmatic reasons and only a few advocating for it altogether (Bolliger & Martin, 2018;
Zhang et al., 2020).
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Reasons for this are often tied to quality concerns, as online teaching is seen as time-
consuming and demanding in preparation, making adaptions hard especially when it comes
to smaller, interactive classrooms where ongoing student evaluation and interaction are key
(Zhang et al., 2020). Furthermore, previous publications illustrate that attitudes towards
online teaching are highly dependent on institutional factors, as tenured faculty members, for
example, are less likely to experiment with pedagogical strategies because they are already
embedded in established institutional processes. Increased teaching load may also limit the
potential for change or innovation in the teaching program (Bolliger & Martin, 2018; Hogan
& McKnight, 2007). However, demographic analysis show that younger female educators
are more open to teaching innovations than others (Horvitz et al., 2015). It can generally be
argued that most of these effects may be tied to professional socialization and brings forward
the question whether these factors also come into play when educators are forced to adapt
their teaching content to an online teaching environment?

3. The Dataset and the Methods Used

The survey is part of the Digitize! initiative funded by the Austrian Federal Ministry for
Education, Science and Research. It is meant to constantly monitor the digitalization of social
science research methods education in Austria beginning in 2020. While the project was
projected to start in mid-2020, the COVID-19 pandemic and its influence on universities
forced the researchers to start in March 2020 and not to observe a field that may slowly adapt
new teaching methods but one that radically transformed within a few months.

The population for the study was defined as university level educators, who teach either
research-centric courses or method classes in one or more of the four core disciplines of the
social sciences at public universities in Austria: Sociology, political science, communication
studies and educational sciences. The corresponding individuals were identified via the
online lecture lists that Austrian public universities maintain, resulting in a total population
of 182 individuals who teach social science research courses or methods, of which 105
responded (response rate: 58 %). The questionnaire focused on structured questions designed
to identify respondents’ pedagogical strategies, feelings and experiences with online teaching
and assessments. Additionally, it gathered context information and demographics (e.g.
discipline, gender, years of experience, position). Two rounds of pretests precluded the start
of the survey.

The items and scales used for this paper and their distribution can be found in Table 1, which
also includes information on the distribution, dispersion and coding of the variables — this
information is included to help understand the regression that follows in section 5. The
independent variables used are tied directly to the influences identified in section 2.
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Table 1. Independent Variables Used.

Mean (St.
Dimension Variable Scale Dev.) or
Percent
o Advocatf:s Typology from the two Two questions were 15.3
S Pragmatists variables: . 18.5
o = . . .. used to create four binary
« 90 Skeptics Distance teaching is only . . 35
S £ g . variables. The variable
v E3 a temporary solution &
22y . : for each type was coded
o 9 I will continue to .
= o2 . . as follows:
g = Distanced implement aspects of _ . 62.7
2 . . 1 = Type assigned
= online teaching after the 0 = Other tvne
pandemic (n = 85) P
- How many teaching units
§ g Lesson hours (45 min) did you teach per numeric 4.45
D o er week week this semester? (n = (number of units) (3.27)
= = p )
98
Exclusively courses with Multiple choice
£ Examination- exercises, applications, recoded into binary
5 immanent seminar or project variables 76.2
§ course character 1 = examination
g (n=105) immanent courses and
2 . Lectures and courses other courses
= Different . R 0 = onl L 114
- course types 1mmanent to examinations U= only examination .
(n=105) immanent courses
2 Perception of I currently take longer ordinal scales; recoded
= o than normal to prepare . P .
— additional into 1 = ‘strongly agree; 84.6
S = . and follow up my lessons. R
<8 preparation (n=91) agree’ and
S = . . . 0 = ‘neither agree nor
£ = I find interaction with . .
7z = . L disagree, disagree,
Z @« Interaction students via distance . ,
2 . L disagree strongly’ to fit 56.0
2 with students  learning is harder to lincar rearession
organize (n=91) &
What gender are you? (n 1 = female
<=
£ Female =89) 0 = male & divers 66.3
L =9 0 (= numeric 42.86
E- g g Age How old are you? (n=91) (number of years) (10.39)
-
ED §_ % How would you describe Ext;mal }ectgrer 258
=3 . . Junior scientists 19.4
E G Position your current professional Mid-level 19.4
Q .. 9 — - .
2°% position? (n=93) Full professor 354
3 My current employment 1 = tenured
»n Tenure 28.7

contract is ... (n=94)

0 = for a fixed term

Source: Digitize! study on Methods Education Wave 1 (2020).

One of the central question batteries in this survey was used to identify how the classes were

taught and how far individual educators adapted their teaching program (also see Figure 1 in

section 4). This was used to calculate an adaption index, that will be used as the central

dependent variable explaining how much an individual has actually adapted her/his teaching.

The willingness to adopt to changes was used to create four groups of educators: Advocates,

pragmatists, skeptics and distanced. Lecturers who thought that distance learning was a
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temporary solution and who will not continue form the type distanced. Those who do not
consider distance learning to be an “emergency” solution but still do not want to use it in the
future are called skeptics. Pragmatists are those who would like to continue using distance
learning, despite seeing it as a temporary solution. The advocates include those who perceive
distance learning as a permanent solution and are going to continue to use it. Additionally,
the educators reported an average weekly teaching load of about four and a half teaching
units each of 45 minutes. While the overwhelming majority of respondents state that
preparing for online lectures takes more effort, only slightly more than half finds the
interactions with students more cumbersome. Two-thirds of the sample are female and 20 %
are junior scientists. A majority has only a temporary contract.

4. Six Days to Adjust Workshops, Research Projects and Tutorials to Online
Teaching?

student's lectures via chat software (n = 78) 26 73
26 72
26 66

video tutorials, made by others (n=79) 5 29 56

interactive live seminar, recorded (n = 78)

video tutorials, custom-made (n = 80)

I

exercise examples with individual feedback (n = 82) 59 32 10
34 63
54 42
69 28
69 25

live broadcast of lecture, recorded (n = 79)
live broadcast of lecture, not recorded (n = 81)

interactive live seminar, not recorded (n = 83)

slide set with audio commentary (n = 81)

M use intended beforehand W adapted = notused 0 10 20 30 40 50 60 70 80 90 100

Figure 1. Adoption of teaching methods and materials in percentages
Source: Digitize! study on Methods Education Wave 1 (2020).

Only a few days into the summer semester of 2020 — on March 10 — most Austrian
universities announced that they would shut down on-site lectures and courses for the
foreseeable future, following a government-wide plan to stop the spread of COVID-19.
However, teaching had to resume online on March 16 according to a federal issue. As neither
students nor lecturers were prepared for this syllabi and course structures had to be rewritten
on the fly, with no information on how long this shutdown may last. However, most lecturers
could adapt quickly to a very specific situation and, as the survey results shows, many courses
were adapted in extensive and significant ways (see Figure 1).

Accordingly, the most common strategies to deal with new demands without the chance to
rely on preplanned solutions were adding audio commentary to slide sets, holding interactive
online seminars and live broadcasting of lectures, however, without providing recordings.
Tutorials or video presentations and lecture content prepared by students were employed
rather seldom. Additionally, lecturers halved the number of exercises with individual
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feedback which is a traditional, proven strategy for research methods education (Prandner &
Tabakovic, 2019).

Furthermore, we also computed an indicator that could capture the extent of necessary
didactic adaptions on an individual level: It relates the number of adapted teaching methods
to the total number of methods that a lecturer used (see equation 1). This should give an
insight into how much an individual tweaked their teaching style. The contractual obligations
are introduced as weights to account for a potential bias coming from high or low teaching
loads. They correspond with different academic jobs (e.g. research assistants, postdocs,
assistant professors, full professors, senior lecturers). Those who teach fewer than 4 units per
week (e.g. research associates, PhD students) receive a weight of 0.5, while a load of 8 or
more units have a weight of 1.5 (e.g. full professors, senior lecturers). Accordingly, the
adaptation of teaching methods and materials ranges from 0 (no adaptation) to 1.5 (complete
adaptation). The respondents (n = 95) achieved an average value of 0.53 (standard deviation
0.36).

Number of teaching methods adapted
Number of teaching methods used

Extent of adaption = * Weighting factor

5. Explaining the Adaption of Teaching Methods and Materials

We calculated a linear regression model to identify which factors help to explain the
adaptation of teaching methods after the COVID-19 pandemic struck. It estimates the extent
of adaption via the measures identified previously (see sections 2 and 3; for results, see Table
1). Due to the small number of cases, results with an alpha error below 0.1 are considered as
(potentially) significant influences. Results need be read in accordance with those limitations.

As can be seen in Table 2, the attitude toward distance teaching influences to what extent
teaching materials have been adapted. Instructors who plan to use online methods in the
future (advocates) have a higher rate of adaption than those classified as distanced. Teaching
load has the highest effect on adaption among the predicators considered. Due to the extent
of the effect, it is reasonable to assume that it is not just related to the weighting of the
adaption measures and that educators with a higher teaching load are significantly more likely
to adapted their teaching to a higher extent than those with a lower. However, measures such
as the acceptance type of distance teaching, the nature of the classes held or
sociodemographic factors, such as age or gender, do not seem to influence the extent of
adaption. Finally, the employment type is shown to be another central predictor for adaption,
independently of the academic position (i.e. junior scientist, professor). Those who have a
permanent contract — tenure — have adapted their teaching more than those without. This is
an understandable result —a temporary employment is often associated with uncertainties and
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ambiguities as to what extent the teaching materials developed can be used again. It could
also be argued that lecturers without the security of a permanent contract see themselves
pressured into spending more time and resources on their research and, therefore, have fewer
opportunities to adapt their teaching methods and material than staff who already have tenure.

Table 2. Linear Regression for the Extent of Adaptation. (Dep Var.: Adaption coefficient:
0 — 1.5; higher value equals a stronger adaption of teaching).

Independent Variables Std. Beta
Type of acceptance of distance teaching (ref: Advocates 0.177~
Distanced)
Teaching load Lesson hours 0.470%*

per week

Sociodemographic and occupational characteristics  Tenure 0.281*
n= 77
R? 0.442

~p <0.10; *p <0.05; **p < 0.01; Only significant effects reported. There was no significent influence by type of
acceptance of distance teaching: pragmatists, sceptics; type of teaching: examination immanent course, different
course types; assessment of the situation: perception of additional preparation, interaction with students,
sociodemographic and occupational characteristics: female, age, job (ref: Professor): external lecturer, junior
scientist, mid-level position. Source: Digitize! study on Methods Education Wave 1 (2020).

6. Discussion

The COVID-19 pandemic resulted in university professors worldwide having to adapt to
online teaching practically overnight. In this paper, we could show that a large majority of
lecturers — in our typology called distanced (69.7 %) — saw the changes as a temporary
solution. Lecturers with a favorable disposition toward online teaching, however, were found
to adapt more of their teaching methods and materials in the wake of the pandemic.
Interestingly, all other factors being equal, lecturers who teach more hours per week also
adapt more of their courses. This might be due to effects of scale, which make adapting a
course easier for those who have already done it for another one. Additionally, lecturers who
teach many courses might have felt more obliged to adjust to the situation than those who
only teach a few. However, this finding disagrees with the position found in the literature that
senior staff who have a higher teaching load are likely to be less prone to change or innovate
their teaching programs (Bolliger & Martin, 2018; Hogan & McKnight, 2007). This
discordance might indicate a difference in the adaption behavior before and in the wake of
the pandemic. Another finding of our study was that lecturers adapted their teaching material
and methods less if they only had a temporary employment contract. Thus, it might be the
case that the uncertainties of a temporary academic job make instant adaptions of teaching
methods to new circumstances more burdensome. Further studies could perhaps illuminate
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this. While previous studies have shown that younger and female academics are generally
more open to the innovations of online teaching (Horvitz et al., 2015), no such influence
could be detected in our data. This further indicates that with the sudden and mandatory
pandemic-related changes in teaching modes, other factors are in play in determining
adaption rates than previously.
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Abstract

Online teaching has grown exponentially as a result of COVID-19.
Universities and teaching institutions the world over have had to adapt their
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classes and problem-solving help to raise student satisfaction. Students also
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1. Introduction

The process of digital transformation and the consolidation of online teaching that has been
under way over recent years took off as a result of the COVID-19 pandemic. Some authors
(such as Cifuentes-Faura, 2020) claim that the education sector needs to re-invent itself in
this uncertain context and stress that one of the greatest challenges is to hold the attention of
students and improve their competencies. However, other authors such as Sangra (2020)
claim that the challenge is to adapt and to include in online teaching certain aspects of face-
to-face teaching such as personalised attention, greater connection with students and effective
verbal communication.

Even though there is extensive debate on what is meant by online teaching or e-learning, it
can be defined as the use of new multimedia technologies and the Internet to improve the
quality of learning by facilitating access to resources and services as well as remote
exchanges and collaboration (European Commission, 2001). The e-learning sector is
expected to surpass 243 billion US dollars by 2022 worldwide (Duffin, 2020). Over recent
years, universities and educational institutions all over the world have fostered online
teaching with the aim of adapting to the new reality that recommends avoiding physical
contact and reconsidering the way in which the learning and teaching process takes place
(Govindarajan and Srivastava, 2020). A teaching model has thus been introduced involving
various methods that range from more or less hybrid teaching to purely virtual teaching. All
this has required greater resources for improving and introducing new educational
technologies and for training teachers and students on how to gain greatest benefit from them
(Li and Lalani, 2020).

Traditionally, the literature suggested that it was necessary to include certain innovative
aspects, often related to the use of technology, to make face-to-face teaching more attractive,
to improve students’ satisfaction and performance or to facilitate learning (Bennett et al.,
2018). At the same time, online teaching was beginning to become consolidated, especially
in higher education. The key aspects on which work needed to be done were: to develop and
introduce new tools allowing for greater interaction with students, to offer evaluation
methods suited to this context and to guarantee follow-up of the learning process (Dumford
and Miller, 2018). But 2020 amounted to a turning-point, requiring teaching at all levels and
practically throughout the world to be given online. The context changed completely and the
main priority was to meet the needs arising for institutions and for teachers and students. All
this aimed, first, to guarantee that students could still acquire and improve their competencies
in the subjects studied and, second, to ensure that their motivation and/or satisfaction were
as great as possible (Sangra, 2020).

In general, online teaching allows students to access information asynchronously, at any time
and in any place, using electronic tools, methodologies and devices. This type of learning
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affords great flexibility for organising and planning study times and independent work
(Smedley, 2010). But this process of teaching and learning can also take place synchronously.
Online teaching has become a tool that facilitates and enables interaction in real time for
students and teachers (Beldarrain, 2006). In addition, in this context, new technologies have
played and continue to play a key role (McGreal and Elliot, 2011), to the extent that a large
number of tools have appeared over recent years to facilitate such remote teaching (Huda et
al., 2018). There are now platforms and applications (Moodle, Zoom, Google Meet, etc.) that
allow groups of students and teachers to connect and interact in real time, making the teaching
and learning process increasingly similar to how it works in face-to-face situations.

This study has a dual goal: on the one hand, to find out how a sample of university students
on business-related courses assess various online methodologies and evaluation systems (in
terms of satisfaction and development of competencies); and, on the other, to compare
academic performance resulting from online teaching with that from face-to-face teaching. It
is structured as follows. We first describe the sample used, and the design of the research.
We then present and discuss the main results obtained and, finally, draw some conclusions.

2. Teaching experience

2.1. Sample and research design

This teaching experience took place during the second semester of the 2019/2020 academic
year. It considered the students of a Spanish university on various degree courses within the
Faculty of Economic and Business Science (169 students) and a Master’s degree course (13
students) in order to know their assessment and how they adapted to the online context. A
total of 182 students participated. The sample eventually used comprised 124 students, that
is, 68.1% of the total. The responses obtained in each study course can be broken down as
follows: Degree in Business Administration and Management (BAM) (51.61% of students
enrolled on the course), Degree in International Commerce (IC) (54.05% of students enrolled
on the course), Degree in Marketing and Market Research (MMR) (77.5% of students
enrolled on the course), Degree in Tourism (TOURISM) (93.33% of students enrolled on the
course), and the Inter-University Master’s Course on Research in Business Administration
and Economics (MASTER) (100% of students enrolled on the course).

The information was collected by using an anonymous, online questionnaire during the last
few weeks of the semester, specifically between 25 May and 15 June 2020. 70.16% of the
responses received were from women. Also, 46% of the students who filled in the
questionnaire stated that they had professional experience, and the average age was 23. Each
teacher explained to their students the purpose of the questionnaire and briefly explained it.
The questionnaire comprised an initial section on methodology (6 questions) and teaching
evaluation (3 questions) and a second section for a general assessment (6 questions). Before
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the final questionnaire was sent out to the students, it was pre-tested with other university
students to identify any shortcomings (items not clearly expressed, aspects difficult to
understand, inappropriate order of questions, etc.). In addition, academic performance in the
subjects considered was analysed.

2.1. Results

2.2.1. General assessment: teaching methodology and online evaluation

Before the students’ assessment can be presented, it should be mentioned that in the subjects
covered on the degree courses in BM, IC and MMR the teachers chose to provided complete,
adapted materials to the students, with complementary reading and explanatory videos for
the theoretical classes and detailed feedback/solutions in writing for practical work. In the
case of the Master’s course and the degree course in Tourism, classes were given by
videoconference for both theory and practice. In all cases, the timetable was adhered to for
all activities and explanations. Any questions asked by students were answered via email and
videoconference in general and, in the case of BAM and MMR, a Moodle forum was also
created.

One of the questions asked in the questionnaire regarding the teaching methodology was
whether the students considered the teacher’s adaptation to the new online context
appropriate for facilitating learning. 78.23% of students answered affirmatively, while
16.17% stated it could have been better, suggesting above all that classes via videoconference
could be increased or content could be better adapted to the new online context. Most of the
students also considered that interaction was similar to the period prior to lockdown with
both their teachers (72.58%) and their classmates (58.06%). In spite of this largely positive
assessment of the teacher’s adaptation and of interaction, most of the students found that
online learning was less interesting than face-to-face learning (66.94% against 22.06%).

The questionnaire also included questions to compare online and face-to-face teaching. A
majority of the students (53.23%) considered that the online teaching was not more difficult
to follow than face-to-face teaching, while 16.94% stated they had found difficulties, and
29.34% had only occasionally had problems. The main problems identified were difficulties
for understanding topics (41.6%) or an excessive workload (14.58%). Regarding the
students’ academic performance, 50% considered that their results would have been similar
if they had received face-to-face teaching, 40.32% considered they would have been better,
and 9.68% considered they would have been worse. The students also considered that the
knowledge obtained is similar in online and face-to-face teaching (51.61%), and 14.52% even
considered it had been better online.

Regarding the evaluation method used by teachers in the new context, in all subjects partial
examinations were given online and in multiple-choice format. For the MMR and Master’s
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courses, the weight of all the components in the evaluation was kept the same and for the
other subjects some slight adjustments were made. A large percentage of students (84.68%)
considered that the new method of evaluation had been appropriate, as opposed to only 2.42%
who considered it was not and 12.90% who believed it could have been better. The main
suggestions were to increase the weight of continuous assessment and replace exams with
practical work.

Finally, with regard to the general assessment section, most of the students were very
(16.94%) or fairly (72.26%) satisfied with the online learning received. Moreover, 50.81%
stated that the online teaching had enabled them to acquire new competencies or skills such
as using ICT and improving their capacity for self-management. This type of teaching also
allowed the students to discover new business opportunities, as stated by 18.55% of the
students surveyed, and to identify potential uses of ICT in a range of settings (91.67% of the
students who replied affirmatively to this question); regarding this last question, most of the
students (83.33%) proposed that existing business lines could be offered in a virtual context.

2.2.2. Association between teaching methodology, evaluation and satisfaction with the online
learning

Considering that in general students’ assessment/satisfaction was positive, an analysis was
performed to see if there was an association between students’ satisfaction (high/low) with
the online learning (alternatively, we also considered if the students had developed new skills
or not) and the way in which the online teaching was given, questions were answered and the
evaluation system was used. We also explored the possibility of a link between the degree of
student satisfaction and their gender, age, course or prior professional experience. For this
purpose, since the samples were not related and since all variables considered are qualitative,
a Chi-squared independence test was used, except for the case of age, which is a continuous
variable so the Mann Whitney U test was used.

Our results suggest that there is a significant association between the teachers’ adaptation to
the new online context and student satisfaction. So, students are more satisfied the more the
teacher’s adaptation has been appropriate. In addition, we found a significant association
between interaction with the teacher and student satisfaction, so greater or similar teacher-
student interaction leads to a greater degree of satisfaction. The students also related the
evaluation method used in the context of online teaching with their satisfaction. The more
the students considered the method and evaluation platforms to have been appropriate, the
greater their satisfaction.

Conversely, the results show that there are no significant associations between the way in
which the teacher taught the content or answered questions and student satisfaction.
Similarly, student satisfaction does not seem to be related to interaction with classmates
during lockdown. Regarding the relation between students’ degree of satisfaction and their
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gender, age, course or prior professional experience, we only found significant differences in
the latter, showing that students who had performed a professional activity were less satisfied.

On the other hand, the results do show that the acquisition of new skills is significantly
associated with the way in which the teacher passed on the content. The students who stated
they had acquired new skills had received knowledge from teaching videos, by solving case
studies in writing and in detail and from classes via videoconference. However, the
recommended reading and materials contributed to a lesser degree to the acquisition of
competencies. The results also show a significant association between the way in which the
teacher answered questions and the new competencies and skills acquired. The students
whose questions were answered via videoconference or email stated they had acquired more
competencies than those whose questions were answered via fora. In the same way, there is
a significant association between interaction with the teachers and the skills acquired by
students. The students who stated they had interacted more with the teacher declared that
they had acquired more skills or competencies. Regarding the evaluation method, we also
found an association with the skills or competencies acquired. Although both groups mostly
stated that the teacher’s evaluation method was appropriate, those who had acquired most
competencies (in comparison with the rest) suggested more that it would be necessary to
modify the evaluation method.

Finally, a significant association was also found between the competencies acquired and age,
course and professional experience. The youngest students and those on courses in Tourism
and MMR stated they had acquired more skills than those on the degree courses in BAM and
CI or on the Master’s course. It was also found that the students with professional experience
acquired fewer new skills.

2.2.3. Comparison of academic performance: online versus face-to-face teaching

In order to compare the results obtained by students during the online teaching period with
those during face-to-face teaching, we used the t test for difference in means to compare
average grades obtained in the subjects covered in this study during the 2019-2020 academic
year with the mean of final grades for each subject during the three previous academic years.
Considering that the final grade is the result of the student’s learning and that it might be
affected by the evaluation method used, the reference group in which there might have been
least bias (same or similar content, same teacher, etc.), even if the teaching methodology and
evaluation method had changed slightly, would be the students of each subject during
previous years. Another aspect to be borne in mind which might affect the grade for the year
being studied (apart from online teaching and evaluation) is whether such students are better
or worse than those the previous year. To partly minimise this bias, it was decided to take the
average grade from the previous three academic years for each subject.
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Although we have to be aware that other aspects may have an influence (e.g., the way of
assessment or possible copying), the results show significant differences in all the final
average grades for all subjects. In all cases, the differences were significant at 1% except for
the ‘Entreprencurship’ subject on the Master’s course, in which the differences were at 10%.
It can therefore be concluded that, on average, the students enrolled on the subjects covered
by this study obtained better grades during the online teaching period in comparison with the
grades obtained during the three previous years of face-to-face teaching.

3. Conclusions

It can be concluded from the study that, in spite of the emergency situation resulting from
COVID-19, in general, the teaching methodology used by teachers had been adapted well.
Students gave a positive assessment to their online learning even though they find it less
attractive than face-to-face learning. They consider that this type of learning has allowed
them to acquire new ICT-related skills, such as the capacity for self-management or the
identification of new business opportunities linked to a move to an online format for some
existing businesses. Also, the online evaluation method used in some of the subjects included
in the analysis seems to have been appropriate

However, in spite of this positive assessment, the students suggest some areas for
improvement such as an increase in the number of classes given via videoconference and a
better adaptation of materials to the online context to facilitate understanding of the subjects.
Other important aspects mentioned are greater weight for continuous evaluation, and a more
balanced workload for students. All these matters have important implications that should be
taken into account by teachers so that they can e