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Preface

Josep Domenech
Universitat Politécnica de Valéncia, Spain.

Abstract

This is the preface for the eighth edition of the International Conference on
Higher Education Advances (HEAd). The series of HEAd conferences has
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 education systems. The eighth edition (HEAd’22)
was celebrated between 15 and 17 June 2022 in Valencia, Spain, under a
hybrid format: virtual and face-to-face simultaneously. This was the first time
the delegates could meet in person after two years of remote participation due
to the pandemic situation. This preface gives an overview of the aims,
objectives, and scope of HEAd 22, as well as the main contents of the scientific
program and the process followed in selecting the papers.

Keywords: Higher education; innovative materials; educational technology;,
evaluation and assessment; globalization in education.
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Preface

1. Introduction to HEAd’22

This volume contains the selected papers of the Eighth International Conference on Higher
Education Advances (HEAd’22), which was held in Valencia, Spain, from 15 to 17 June
2022. HEAd adapted to the evolving mobility restrictions related to the Covid-19 pandemic,
and this eighth edition was held in a hybrid format: in-person and virtually, simultaneously.
This made it the most complex edition in organizational terms, so far. The pandemic is
teaching us that adaptation is key, as everything may change in a very short time period. The
hybrid format is the response of the HEAd conference to the changing restrictions. Once
again, the eighth edition was a great success of participation and consolidated the series of
HEAJd 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 education systems.

The selection of the papers for the scientific program was conducted by a team of 177
committee members representing 47 countries on all five continents. Following the call for
papers, the conference received 270 full paper submissions with authors from 56 different
countries. All the submitted papers were reviewed by at least two program committee
members under a double-blind review process. Finally, 77 papers were accepted as full
papers for oral presentation during regular sessions, representing an overall full paper
acceptance rate of 28.5%. This selection ensures a high-quality program that is greatly valued
by the research communities. Additionally, 52 submissions were accepted for short paper
presentations and 34 for poster presentations, all of them receiving high review scores and
published by UPV Press in this volume. The organization committee congratulates all the
authors for having their papers accepted in the proceedings of such a competitive conference.

The contents of the program represent quite well the situation that global education is living
by adapting to the mobility restrictions imposed during the Covid-19 pandemic. It is
noteworthy that two of the most repeated topics are related to online and hybrid teaching.
Skill and competency development was another current topic that attracted the interest of the
scientific committee, together with the specificities of STEM education and the use of digital
technology to support teaching. Emerging topics such as sustainability in education and
gender studies also had their room in the program.

HEAGJ’22 also featured three keynote speakers that overviewed important and current topics:
Cesar Ortega-Sanchez (Curtin University, Australia) talked about putting all the pieces
together regarding student learning. The second keynote speech was delivered by José V.
Benlloch-Dualde and Lenin Lemus (Universitat Politécnica de Valéncia, Spain) and dealt
with a hot topic in higher education: Learning analytics or how to improve the teaching and
learning processes from data.
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The conference was supported and hosted by the Faculty of Business Administration and
Management of the Universitat Politécnica de Valéncia, which has been recently ranked as
the best technical university in Spain by the Academic Ranking of World Universities
(ARWU) 2021.

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, scientific
committee members, reviewers, session chairs, presenters, sponsors, supporters, and all the
attendees. Our final words of gratitude must go to the Faculty of Business Administration
and Management of the Universitat Politécnica de Valéncia for supporting, once again, the
HEAd conference, making it possible to become a great event.

2. Organizing Committee

General chair

Josep Doménech, Universitat Politécnica de Valéncia

Publicity chairs

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

Local organization
Eduardo Cebrian Cerda
Rosa Llacer Iglesias
Pilar Malagon Selma
Héctor Martinez Cabanes
Eduardo Toran Lamata
Joan Manuel Valenzuela

3. Sponsors and Supporters

Universitat Politécnica de Valéncia
Facultad de Administracion y Direccion de Empresas
Departamento de Economia y Ciencias Sociales

4. Scientific Program Committee

M’hammed Abdous, Old Dominion University, USA
Samuel Abramovich, University at Buffalo SUNY, USA
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1. Introduction

The changing environment of today's societies requires constant transformation and
adaptation, and professionals must continue learning to learn skills actively to adapt to
changes and complexity. In the current situation and the future, the healthcare and social
professions face the challenge of acting in complex and unpredictable problems: they are
faced with an ever-ageing population, epidemiological transitions to chronicity, pandemic
outbreaks (such as the currently ongoing Covid-19 pandemic), and increased social
inequalities with the associated vulnerabilities, among other issues. Besides, Europe faces
the global challenges of climate change and environmental degradation (green deal),
digitalization while ensuring that technology serves the people, and inclusion and reduction
of inequalities. All these challenges require professionals who can analyze situations using
critical and creative thinking, make decisions when faced with large amounts of information
and that involve the patient/user, and manage difficult (and mundane) situations with
appropriate interpersonal and emotional skills. To meet these challenges, it's an important
start to improve the training of healthcare and social services professionals in the area's
transversal skills throughout their undergraduate and postgraduate training journeys.

It is the context of the ERASMUS+ project ITSHEC - Integration of transversal skills into
health and social care, higher education and the curriculum, which aims to improve the
training of healthcare and social services professionals in transversal skills throughout the
undergraduate and postgraduate training journey. ITSHEC is a transnational cooperation
project between higher education and pedagogical innovation institutions coordinated by The
Universitat Pompeu Fabra (UPF) in Spain. The partner institutions are The ESIMar Nurse
School of Barcelona, the Metropolia University of Finland, the Split University of Croatia
and Immersium Studio (specialized in immersive education).

Based on recognizing the relevance of transversal skills in addressing the challenges of the
future, this project is developing practical tools to support opportunities to acquire and
develop key competencies in different educational environments: face-to-face training,
simulation and e-virtual learning. Furthermore, it benefits future professionals, patients, and
clients since professionals with these skills can offer better healthcare and social care based
on a patient/user-centred approach. In this paper, we present one of the project's main
products, a Methodological Guide that gathers the most appropriate and innovative teaching-
learning strategies to support the development of transversal skills. It also includes a
pedagogical framework and an evaluative framework for transversal skills.

2. Methodological Guide to Develop Transversal Skills

The Methodological Guide entitled "Learning strategies to promote transversal skills on
health and social care studies" is the first product of this project. It has been created to offer
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different strategies for developing students' transversal skills, specifically critical and creative
thinking, interpersonal/socioemotional and citizen-oriented skills and learning to learn,
particularly in healthcare and social care. The primary use of the methodological guide is to
assist lecturers in planning, to integrate it into their teaching activity, and evaluating the
improvement of transversal skills in undergraduate and postgraduate students.

2.1. Pedagogical Framework for Transversal Skills

One of the gaps identified in the European Higher Education Area (EHEA) is a lack of
implementation of teaching-learning strategies to work on transversal skills throughout the
overall educational continuum in healthcare and social care. This situation relates, among
other factors, to the absence of a framework that defines the gradation of skills development:
although there are numerous classifications and definitions, it is necessary to establish a
gradation by levels that state the degrees of skills development and associated specific
learning outcomes.

In this sense, the first part of this material is a Pedagogical Framework intended to support
lecturers who strive to implement transversal skill training into their subjects, courses, and
modules. Additionally, the guide aims to help plan the lessons, specific activities, and
learning outcomes that intend to work on transversal skills. We have defined different
dimensions for each skill with their respective learning outcomes, based on previous reports,
studies, pedagogical references, and European qualifications frameworks, especially the
European Qualifications Framework (EQF) and the Finnish National Framework for
Qualifications Other Competence Modules (FiINQF).

We also present a level scale that seeks progressive and continuous integration of transversal
skills training throughout the academic and professional journey (Bacigalupo et al., 2016). It
also facilitates a student-centred approach as it allows the starting point for each student
(individual level of development) to be assessed.

To illustrate what includes the Pedagogical Framework, "Table 1" shows the dimensions that
have one of the transversal skills of the ITSHEC project (interpersonal/socioemotional) and
the associated learning outcomes.
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Table 1. Transversal knowledge, skills, and learning outcomes in ITSHEC.

Skills Dimensions
Interpersonal Communication
/socioemotional

Reflection and
responsibility

Relationships

Partnership, network
and cooperation

Learning outcomes

Able to express ideas clearly and fluently.

Able to use precise and descriptive/content-specific
vocabulary to enhance the topic or message.

Able to share information in an organized and
interesting way.

Able to share an analysis of the main message to
interpret, synthesize and/or evaluate the meaning of
the content to draw a logical conclusion about the
topic.

Able to show empathy and use non-verbal
communication and active listening.

Able to self-reflect, evaluate one's own actions and
emotions, and take responsibility for own actions.
Has the ability to develop improved professional
and social-emotional responsibilities.

Able to perform tasks efficiently and carefully.
Able to persevere in the face of difficulties.

Able to develop positive and emotionally safe
interactions and co-create teamwork.

Able to reflect and manage emotional and self-
regulation and to show empathy in professional
relationships.

Able to work cooperatively with others: listens to
others, incorporates what others say, encourages
peers' participation, engages in group decision
making, helps peers selfishly, and accomplishes
shared goals.

Able to act and cooperate with others autonomously
under structured conditions and to take account of
various social roles and emotions in various contexts
Has the ability to build network and partnerships in
changing interprofessional and disciplinary
(projects) teams and innovate/reform it into a
complex and unpredictable world.
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Skills Dimensions Learning outcomes

Able to develop leadership by understanding the
needs of others and being aware of their feelings and
thoughts; and facilitate collaborative and
participatory problem-solving.

Conflict management Has the capacity to create a non-discrimination
atmosphere and to handle demanding situations of
conflict.

Able to facilitate conflict resolution, remain calm
under pressure and control emotions in conflict
situations.

Cultural sensitivity Able to evaluate and develop one's cultural
awareness.
Has the knowledge, awareness and acceptance of
other cultures and the willingness and capacity to
understand people from different backgrounds and
embrace diversity.

2.2. Teaching-learning methodologies and evaluation of Transversal Skills

The project team has conducted a detailed literature review to identify the principal learning
methodologies used to work with transversal skills. From this previous review, we choose
six methodologies that proved to be suitable for improving these skills, as well as
methodological aspects to be considered when the objective of the training is to foster the
development of students' transversal skills:

1. Problem-based learning is a widespread methodology in higher education that uses realistic
problems as a starting point for the learning process. The main benefits of using PBL are that
it promotes deep learning (Dolmans, 2015) and long-term knowledge acquisition (Schmidt,
2011). It is also an excellent context for developing transversal skills (Carri6, 2016;
Rodriguez, 2019).

2. Roleplaying is an experiential teaching-learning strategy that encourages student
participation by proposing different cases and scenarios in which the students must develop
specific roles (different from their own). (Collins, 2004; Shearer and Davidhizar, 2003)

3. Virtual Reality environments allow students to be immersed in a highly realistic, vivential

first-person learning experience that only requires a VR headset. As a result, VR
environments are emerging as a fundamental learning methodology for distance and life-long
education (Eckert and Mower, 2020).
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4. Cooperative learning is a pedagogical practice that involves students working together to

achieve goals that would otherwise not be performed or completed working alone. It is a
recognized way to promote learning in different kinds of subject areas and develop
transversal skills (Barkley et al., 2014).

5. Simulation in health sciences is defined as a tool that creates a situation or environment to
allow people to experience a representation of a real health care situation for practice,
learning, evaluation, testing or further investigation of human actions in a safe environment
(McGaghie et al., 2010; Lopreiato et al., 2016).

6. Gamification uses game elements outside the context of a game (Bedwell et al., 2012) to
improve and enhance students' learning outcomes (Landers, 2014). This methodology
influences students' motivation levels, increasing their participation in activities and the
acquisition and integration of learning outcomes (Fitz-Walter et al., 2011).

The guide also brings specific content about including a gender perspective in teaching and
learning. We firmly understand that having transversal skills and related learning outcomes
in the curriculum should involve a gender-sensitive approach. Gender mainstreaming is a
fundamental aspect of the quality of the education provided, and this guide also seeks to
encourage teaching with a gender perspective. A professional with gender equality skills
requires commitment, methodological expertise, and specialist knowledge. In addition, it
stimulates students' critical thinking capacity, providing them with new tools to identify
social stereotypes, norms and roles related to gender. Therefore, the gender perspective
should embed any learning activity that seeks to develop students' transversal skills (WHO,
2007; European Institute for Gender Equality, 2019).

Besides the contents mentioned above, the guide includes a methodological framework to
evaluate the development of students' transversal skills. The evaluation framework consists
of a multi-method approach that integrates multiple perspectives (student, teacher, peer-to-
peer) and tools (rubrics, checklists, scales, evaluative argumentation, portfolio, among
others). Furthermore, it explains how to plan, design, and use the different methods and tools
for evaluating transversal skills. Including this evaluation framework in this guide is
particularly relevant since it will facilitate the incorporation of the evaluation in the design
of the training activities (Boud, 2020).

2.3. Student's perception of Transversal Skills

Finally, since in ITSHEC project cooperation and co-creation is elementary, this guide
presents a final chapter with the results of seven focus groups with more than 30 students
from different healthcare and social care degrees (medicine, nursing, dental medicine, human
biology, social sciences, social work, etc.) and various European countries. The main
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objective was to explore their engagement and preferential teaching-learning approaches and
to adapt and optimize the educational content and methodologies.

The results indicate that students perceive that curricula and training programs for
professionals have gaps in their approach to transversal skills: they are excessively centred
on the transmission of knowledge per se rather than on the teaching-learning strategies, which
are fragmented and limited to subjects and/or disciplines. This fragmentation is also present
in professional practice in the health and social services, where there is not enough
implementation of interdisciplinarity and the service-user/patient-centred approaches in
everyday practice. It is also evident that the acquisition and development of transversal skills
and the formal, structured knowledge obtainment for each area and discipline are
fundamental during university studies. According to the students' perceptions, this transversal
knowledge is essential for training effective professionals.

3. Conclusion

Higher education is a versatile process that offers students the possibility to develop their
knowledge, abilities, and attitudes to participate actively in broader society, be active citizens,
and develop successful professional careers. Therefore, the development of transversal skills
should be a continuous, participatory, and dialogical process. In this sense, we need new
teaching-learning approaches to address transversal skills. These approaches will require a
change in the role of teachers, from being knowledge transmitters to being learning
facilitators and a playful attitude on the part of students. It is essential to recognize the
transversal skills as assessable learning objectives here. For this reason, it is necessary to
introduce assessment strategies for these skills into the curricula, with clear and accessible
guidelines for students, including student involvement in the assessment process (tools for
self-assessment and peer evaluation). We assume that if lecturers employ more appropriate
(adapted to target needs) training and assessment strategies, students could achieve a higher
degree of development in critical thinking, interpersonal skills, and learning to learn.
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Abstract

A course design to ‘learn by doing’ and to encourage critical thinking and
reflective abilities, was initiated in the context of bioethics teaching. Critical
thinking is a process that transcends disciplines, committing students to be
actors of their learning. The course design combines formal teaching
sequences, group work sequences and interactions (or exchanges between
students). The students are confronted with authentic cases bringing values
into conflict, which they will have to present. Using evaluation grids the
students have designed, they can self-assess and assess their peers. They also
benefit from teacher feedback between their oral presentations. The impact of
the course design was assessed by analyzing student productions, using a
questionnaire and performing group interviews. The data collected suggested
that the students are particularly invested in their learning, while becoming
aware of the objectives targeted by these teaching. Several strong points were
raised and are discussed in this communication.

Keywords: Critical thinking; bioethics, evaluation grid.
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1. Introduction
1.1. Context

The need for the development of a critical mind in students responds both to the demand for
a society that upholds the values of democracy (Lecointre, 2018), and to a French ministerial
injunction that defines critical mind as a set of attitudes and habits related to discernment,
thinking and vigilance over one's judgments and those of others.

Students are exposed to a growing body of information and hoaxes, which requires the
mobilization of a body of tools and knowledge to guide and to distinguish facts from
interpretations, as well as truth from error. Managing this critical mass of information
disrupts the relationship to knowledge: how to learn and how to teach in a context where
there is immediate access to a multitude of content where knowledge, pseudo-knowledge,
beliefs and opinions are mixed together?

Critical thinking training and the practice of critical thinking emerge as opportunities to
explore tools and ways of working that can be appropriated by students and transferred to
other areas. Critical thinking transcends disciplines: it engages students to be actors, to
position themselves as citizens, through skills that implement both careers and personal lives.

The ethical issues linked to advances in medicine and biology are debated at regular intervals
and are reflected in legislative texts, as for bioethics. This discipline has never been so
fundamental for facing the challenges and issues that await us in the coming decades. We
noticed a need among undergraduate students to understand ethical issues when working on
raising awareness of the ethical dimensions of research protocols in animal experimentation
(Bodart and Dupré, 2020). Critical thinking can be also seen as an important part of teaching
ethics itself. It is, for example, included in the code of ethics of teachers who are members
of the French-speaking pedagogical society (Prairat, 2006).

We recently aimed at clarifying with our students the ethical contexts of the knowledge
taught, especially in the field of research in animal experimentation, genetic technologies,
environmental threat, development of neurotechnologies, and aimed at stimulating their
critical thinking. These concerns have led to the creation in 2020-2021 of two introductory
bioethics modules, in the second (L2) and third (L3) years of the Bachelor mentioning in
Cellular Biology and Physiology (LBCP). Such modules were also opened to L2 students
mentioning in Biochemistry or in Biology of Organisms and Populations. These optional
modules were included in the knowledge and skills block "Positioning yourself in a career /
professional field". The objective of these lessons was to allow students to make well-argued
and defended choices, as well as to become aware that the critical mind is part of an action,
the learning of the mechanisms of which benefits both their professional orientation and to
their personal life.
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1.2. Nature of critical thinking and critical thinking training

Ennis (1987) defined specific capacities and attitudes characteristic of critical thinking while
cognitive strategies were established by Paul, Binker, Martin & Adamson in 1989. Training
in critical thinking had been noticeably studied by Boisvert, who offered conditions and
illustrations of pedagogy in this area (Boivert, 2015). Critical thinking is characterized as a
reflective process in which the propensity for self-correction is essential (Ennis, 1987;
Lipman, 2003). According to McPeck (1981), critical thinking is best practiced when the
student has in-depth knowledge in a particular field.

Three approaches have been reported for critical thinking training: (1) a general approach,
which presents the elements of critical thinking separately from the subject of the teaching,
(2) an infusion approach, where the students have the theoretical elements of the critical
thinking provided as guides and where these elements are addressed in a context, (3) an
approach by immersion, where the principles are not explicit but are developed implicitly
during the lessons. The combination of an immersion approach and an infusion approach
seemed to be the approach that exhibited the most positive effects to improve students' critical
thinking skills (Abrami et al, 2015).

In the context of bioethics teachings, a combined approach has been therefore favored, (1)
where the capacities relating to critical thinking have been clearly exposed to the students
and (2) where the students are confronted with authentic cases, highlighting conflicts of
values. The method chosen was based on group work, brainstorming activities, individual
reflective activities, co-construction of evaluation grids, oral presentations and co-
construction of knowledge.

1.3. Learning by doing

Our aim was therefore to develop and evaluate a teaching which encourages critical thinking
and the capacities of the students to exert reflexivity on their thoughts, with the objective of
increasing their capacities to argue from simple ethical lines. Therefore, the choice was made
to drive the students in front of complex ethical situations, which they had to present and
discuss the historical, scientific and ethical contexts. One has to note that these courses were
for the majority of students their first contact with bioethics. The approach was to get them
to manipulate concepts as well as to practice critical thinking and evaluate their practice. The
method was presented as a process allowing to take a step back towards one's own beliefs,
as well as to succeed in establishing the validity of certain facts or not. The methods used
were also based on co-construction techniques and emphasized to the students the importance
of group work.

These two modules were designed with strong inspiration from the Learning and Assessment
Situations (LES), defined by Georges and Poumay (2020) to assess skills. Indeed, they are
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based on four points : (1) students must be confronted with complex problems which require
research, thinking and generate awareness (learning by doing); (2) the situations with which
the students are confronted, must be close to the reality of professional life (situations with
high authenticity) ; (3) learning and assessment should be combined so that the teacher can
see students in action, and provide to the students the opportunity for self-assessment and
constructive feedback; (4) an integrative dimension, which requires the use of knowledge
from different fields. We also coherently articulate the three pillars of pedagogical alignment
in the construction of these two teaching modules: objectives, method and evaluation (Biggs,
2003).

2. Courses design

The courses of this module have been developed in two ways, according to time constraints
imposed by the Bachelor mention architecture and referred hereafter as L2 for second year
courses and L3 for third year courses. Due to the Covid situation, the teaching were
performed at distance during the year 2021The teaching in L2 consisted of 4 courses of 1.5
hours each, and three practical teaching sessions (volume = 10 hours). The scheme of the
teaching sessions is depicted in figure 1 for L2 students .

Each group of students Each students submit on Moodle
Homework between Session 1 & 2, submit on Moodle their a self-evaluation : points that
case analysis : Baby Fae, xenograft evaluation grids of other worked? Points that went wrong?
group works Commitment that can be made to
£ it work better?
Session 1 - ethics, values, bioethics I
Session 2 - Analysis of concrete

examples, clinical case
Session 3 - Practice of honest and
responsible research Teacher feed-back on

Session 4 - environmental ethics oral presentation and on
working group dynamics

2hours 4 hours| 4 hours l
4 x 1.5 hours T i
Reading online instructions & resources Practical session 2 -
Selection by the students of a topic 1st oral presentation,
of interest in bioethics based on facts
Practical session 1 Co-construction of Practical session 3 - 2nd oral
criteria grids for evaluation of oral presentation, based on ethics
presentation (intended goal : evaluating and conflicts of values

the productions of their peers,
self-assessing their performance)

Figure 1. Overall scheme of teachings. Sessions performed with the teacher are indicated in black. Activities that
shall be performed by the students are indicated in purple. Activities performed by the teacher are indicated in
blue.
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The first course aimed to present the module: definition of ethics, main currents of thought
in ethics, notion of moral dilemma, notion of values and definition of the perimeter of
bioethics. The second course was devoted to discuss a case analysis (xenograft of a baboon
heart into a newborn, referred as Baby Fae case (Cifarelli, 1985)) and moral dilemmas related
to scientific misconduct (i.e. fraudulent link between vaccine & autism; Flaherty, 2012). The
third and fourth courses dealt respectively with the practice of honest and responsible
research, and environmental ethics. In L3, topics related to environmental ethics were not
directly addressed with the students due to time constraint and due to the consideration of
their specialization and specific interest areas in cell biology and physiology.

Asynchronously, the students formed working groups and selected themes to work on: 4
themes had to be chosen from 6 themes proposed by groups of 16 students. The practical
lessons were divided into three sessions of 2, 4 and 4 hours respectively.

The first practical session was scripted as follows: (1) presentation of instructions (15 min),
examples of tables and expectations; group work, determination of criteria and descriptors (1
h), (3) pooling of the grids produced and discussion (45 min in L2, 30 min in L3).

The first practical session was devoted to creating an evaluation grid (criteria grid). The
purpose of this evaluation grid is to be used by students to evaluate the presentations made
during the second and third practical work sessions. It was explained that the creation of this
grid aims to encourage their critical thinking, so that they can take a critical and reasoned
look at any oral presentation, and be able to support discussions at the end of the
presentations. Two examples of evaluation grids were provided; the constituent elements of
a grid were discussed: criteria, performance levels and descriptors. Based on the work of
Ennis (1987) and Paul, Binker, Martin & Adamson (1989), several tables have been provided
so that students can identify criteria specific to critical thinking. During this practical session,
students were told that they will be assessed on the evaluation grid created and how they will
use this grid, as well as on the two oral presentations. Each grid created by the students was
submitted on the Learning Management System Moodle (institutional and online pedagogic
platform used by the University of Lille) within 24 hours after the session. This grid was not
considered final until the end of the third practical session, when it was used for the
evaluation of the oral presentations of the other groups.

The other two practical sessions were scripted as follows: (1) oral presentation + question-
and-answer phase (15 min + 15 min; 4 groups maximum per session), (2) break (15 min, L2
only), (3) discussion phase where each group evaluated, according to their co-created grids,
the presentations of the peers (30 min), (4) individual self-assessment phase on the group
work (15 min for L2, carried out asynchronously for L3), and (5) a pooling phase (15 minutes
per group). The assessment and self-assessment sheets were submitted on the Learning
Management System Moodle after the session.
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Between practical sessions 2 and 3, the teacher provided feedback on several lines,
emphasizing areas for improvement in (1) group production and (2) group work.

3. Evaluation

We performed an evaluation of the courses. The objective of such evaluation was to improve
the teaching: since 2021 was the first year of completion of this teaching, it was therefore
necessary to optimize the teaching design. The evaluation system was made up of the
following elements:

- An analysis of students’ evaluation grid productions by the teachers. The
evaluation grids constructed by the students were analyzed (Figure 2). Teacher’s evaluation
grid of this work includes 6 criteria, which evaluate the criteria chosen by the students, as
well as the description of the expected performance levels : (1) clarity of criteria, (2)
independence of criteria, (3) expression and clarification of strategies, aptitudes and
capacities specific to critical thinking (4) clarity of descriptors, (5) differentiation of the
levels of performance, (6) use of the grid by students (support for metacognition). One has
to note also that four performance levels have been established and described: insufficient,
acceptable, good and very good.

- A questionnaire. An anonymous questionnaire was carried out using the
LimeSurvey software. The same questionnaire was submitted to both L2 and L3 students. It
was made up of 23 closed questions and 3 open questions. The closed questions were
organized according to 5 categories: (1) general appreciation, (2) lessons, (3) animation of
the lesson and interactions, (4) activities and (5) evaluation. The open-ended questions
focused on the relevance of teaching in their training, on the three strengths of teaching and
the last question invited students to provide suggestions for improving teaching.

- Group interviews. In addition to the questionnaire, two collective interviews with
L2 students were carried out. The objective of the interviews was (1) to question the students
on the contributions of the teaching to the building of their career, and (2) to address the
connections between the objectives of the teaching and the way in which the courses are
dispensed. These interviews were designed to deepen and / or clarify the data collected by
the questionnaire.
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Clarity of criteria Independence of criteria M Clarity of descriptors
M Critical thinking Differentiation of descriptors
100 100
75 75
50 50
25 I 25
. I H .
Very good Good Acceptable Insufficient Very good Good  Acceptable Insufficient

Figure 2. Analysis of co-created grids of evaluation. 43 grids were analyzed immediately after their co-
construction by the students. Metacognition criteria and use of the evaluation grids by the students was assessed
at the end of the teaching, and was not included in this figure.

4. Results and discussion

The lessons were built as mixed approaches. The students were confronted with authentic
cases bringing into conflict ethical values which they will have to explicit. Using the
evaluation grids they have designed, students were able to self-assess and assess oral
presentations of their peers. They also benefited from teacher feedback between their oral
presentations during practical sessions 2 and 3.

The student productions (oral presentations) drove us to conclude that students correctly
understood the different currents of thought in bioethics and were able to produce materials
that transcribe their ability to argue and develop simple ethical links. L2 students
apprehended in a globally satisfactory way the exercise of co-building of the grids of criteria
(Figure 2). L2 and L3 students exhibited performance levels that were distributed in a similar
manner. Drafting clear and independent criteria did not raised major difficulties. One group
out of four had difficulties to handle the use of critical thinking criteria in their evaluation
grids.

By relying on the results and observations from questionnaires, interviews and analysis of
student productions, several teaching strengths emerged: (1) students felt involved in their
teaching, due to the development and maintenance of interactivity with them, and among
themselves; 20 students (out of 40, L3) identified the interactions and discussion phase as
strengths for this teaching, (2) the aims of the module had been understood by the students;
the teaching clarified their vision of science, and their representation of bioethics, which no
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longer appeared as abstract (L2: 6 students out 12 who answered the poll; L3: 19 students
out of 40 expressed this idea), (3) the feedback provided, as well as the peer review, allowed
the students to evolve and see themselves progressing through mobilization of critical
thinking skills: respectively 16.6% and 20% of the L2 and L3 students who answered the
questionnaire acknowledged the importance of this feedback. The 4 dimensions relating to
Learning and Assessment Situations (Georges and Poumay, 2020) noticeably appeared in the
students’ feedbacks: a complex situation that mobilizes a critical mind, a situation close to
professional reality, self-assessment and constructive feedback, and interdisciplinarity. We
also surprisingly observed that 1 out of 4 students (either in L2 or L3 students’ responses)
stressed the importance of the teacher's involvement and attitude.

According to interviews and questionnaires, the importance of interactions was stressed by
the students: "I wouldn't have gone this far on my own". Several strengths of this teaching
were underlined by students: (1) interactions between students and teacher are considered
(formative evaluations), (2) feedback from self-evaluations, which build a space to act
together in a positive and constructive manner, (3) group work (diversity is perceived as an
advantage and this joint action between teaching actors, teachers and students, could be
analyzed with reference to the work of Sensevy (2011)), (4) creation of "a space for free and
respectful speech”, where “knowing how to listen to others” and “being listened to” (posture
of the teacher) are essential. Therefore, we would like to stress that the tensioning of the
teacher's posture is therefore important in a professional practice which aims to promote
interactivity.

Several areas for improvement have emerged: (1) modification of the courses in order to
increase interactivity and that students can have a better quality interaction space, (2)
vigilance on the clarity of instructions and insistence on their understanding by all students,
(3) the reformulation of certain thematic proposals, since the relevance or feasibility of a few
topics were raised by several students, (4) an optimization of the time management between
two presentations, allowing the teachers to improve the quality of the feedback and enabling
the students to integrate the provided feedbacks, (5) the addition of a feedback on the
evaluation grid that they produced, in order to reassure them or to guide them to improve on
criteria or descriptors.

The conclusions of the course evaluations lead us to several observations, including that the
students appreciated to develop their critical thinking: "it was not simply a question of sitting
down and listening to a list of problems, but of thinking through ourselves, to deepen the
reflection instead of learning something by heart." Students became aware of their ability to
evaluate not only their own performance but also the one of their peers. Teaching support
and self-assessment tools could be easily transferred to other teachings.
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Abstract

Objective: To describe the learning achievement after training in
pharmacogenetics based on PBL and ICT and its persistence four years later
in human medicine students of a public university in Peru. Materials and
Methods: 160 students who received training on the pharmacogenetics of
warfarin applying PBL and ICT were evaluated. The instrument was based on
a clinical problem applied immediately after training and 4 years later.
Results: Results of the first evaluation indicated a good analytical resolution
of the problem with argumentation in the genetic conditions of the patient. The
evaluation after four years showed that 89% of the students continued at
higher levels of learning. Conclusion: It was shown that the use of a
meaningful learning methodology with PBL and ICT can make knowledge last
and serve in the future for decision-making in the selection of medication.
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1. Introduction

Pharmacogenetics is a discipline that allows determining an optimal drug for a patient
according to their genetic characteristics (Valdes & Yin, 2016). The genetic variability of
each individual has relevance for dosage and treatment (Bishop, 2018). Currently, more than
30 drugs used for the central nervous system contain pharmacogenetic information on the
product label, which refers to genetic variation in drug metabolism (Bishop, 2018).

Warfarin is an oral anticoagulant, the most prescribed for the diagnosis of thromboembolism
(Shendre, Dillon, Limdi, 2018). However, its great variability between patients complicates
its treatment with this drug (Alawan, Voils, Hartzema, 2017). Research has identified genetic
factors that influence warfarin dosage, the most significant being single nucleotide
polymorphisms in CYP2C9 (major drug-metabolizing enzyme) and VKORCI1 (warfarin-
inhibited target protein) (Shendre et al., 2018)

Medical education in Pharmacogenetics is still incipient. A cross-sectional study surveyed
900 medical students, finding that the average score of knowledge about the topic is low,
even though there was a positive attitude towards pharmacogenetics (Zawiah, et al., 2021).
In another investigation, the main barriers that the students identified in the implementation
of genomic medicine and pharmacogenomics were the lack of training (59.7%) and lack of
clinical practice guidelines (58.7%) (Rahma, et al., 2020)

The present study was carried out with the objective of determining the persistence of
learning of the pharmacogenetics of the warfarin polymorphism in a population of human
medicine students, through the use of Information and Communication Technologies (ICT)
and Problem-Based Learning ( PBL).

2. Materials and methods

Longitudinal study that evaluates the knowledge achieved after a training in
pharmacogenetics based on PBL and ICT and its persistence four years later. The study
population consisted of 160 third-year students from the Human Medicine School of the
Universidad Nacional Mayor de San Marcos enrolled in 2014.

The training consisted of 10 hours (synchronous and asynchronous) of collaborative work.
Different didactic materials were designed such as 1) Online guides for students and teachers,
2) Collaborative work strategies, 3) Creation of a virtual classroom where the material to be
used and discussion forums were available, 4) Elaboration of a problem case related to
polymorphism of metabolization of Warfarin and 5) Preparation of digital evaluation forms.
In addition, other ICTs used were: search for information in databases and video viewing to
review extraction techniques of DNA, PCR amplification and use of electrophoresis.
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The students were divided into 16 teams, each led by a student and a teacher to discuss the
genetic polymorphisms that altered the dosage of Warfarin, then present the findings and
suggest an appropriate treatment. Participation in the study was voluntary, confidential, and
had no influence on the grades of the subjects that the students were taking. The work was
approved by the Ethics Committee of the Faculty of Human Medicine, UNMSM.

The instrument for measuring knowledge was based on solving the clinical problem:
"Evaluation of CYP 2C9 and VKORC1 Polymorphism for Warfarin Administration"!. The
instrument consisted of 4 open questions in google form and lasted 30 minutes. The
evaluation of the answers was carried out by the teachers using a competency evaluation
matrix with a score from 1 to 20, which was then categorized into 4 levels: Excellent, Very
good, good and disapproved. (see table 1)

Table 1: Competency evaluation matrix.

Area Competence Score
Identify the problem of polymorphisms 1-5
Explain the biotransformation of Warfarin 1-5
Cognitive and procedural | Tt explains the results of the polymorphisms found and 1-5

their relationship with therapeutic efficacy.

Establishes therapeutic strategies, analyzes the main 1-5
pharmacological groups for their safety and efficacy,
showing polymorphisms and selects doses.

Teamwork, 1-5
Attitudinal Clear, precise exposure. 1-5
Resolution of doubts with critical analysis 1-5

Source: Elaboration of the authors

The first measurement was carried out immediately after the end of the training, where in
addition to the measurement of knowledge, other indicators of the learning process were
measured, such as the creation of mental maps, co-evaluation among students of the same
group (score from 1 to 20) and a self-evaluation. following the Bloom scale (score from 1 to
20)

1 Auvailable at https:/drive.google.com/file/d/10Y qeOboS5ztvbqokFq74iRmGrWgkUTO00O/view
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Table 2: Co-evaluation matrix.

Values Top Score. Description

Commitment to individual and collective self-learning with
all team members through collaborative work.

Punctuality in the scheduled meetings and with the delivery
of the work assumed.

Responsibility in the Responsibility for individual work and work with the team,
entrusted work towards the achievement of comprehensive learning.
Contributions in synthesis of the reviews carried out based
on indexed sources.

Ethical considerations in individual and team work, respect,
3 assertive dialogue, avoid plagiarism, solidarity and
altruism.

Reflections made for the construction of knowledge, self-
assessment, co-assessment and the achievement of
metacognition (how much did you learn about the subject,
how does this knowledge demonstrate).

Commitment 4

Puntuality 2

Team Contributions 4

Ethical considerations
of collaborative work

Reflections made 3

Total 20
Source: Elaboration of the authors
The second measurement was made 4 years later. The same students were contacted and only
the instrument was applied to measure knowledge based on the same clinical problem of the
use of Warfarin. The qualification was carried out by the same teachers of the first
measurement.

3. Results

All 160 enrolled students completed the Pharmacogenetics training and participated in the
final evaluation. During the knowledge evaluation that was carried out immediately after the
training, the elaboration of mental maps was also requested to reinforce the learning process.
Each group developed a mental map evidencing the resolution of the problem with arguments
based on the patient's genetic conditions, the drug analyzed, and the risks (safety) or benefit
(efficacy).

The average of the qualification of knowledge on Pharmacogenetics obtained in the first
measurement was 17.1 = 1.2 points, where 67% of the students achieved the Excellent
learning level, 22% achieved the "Very good" level, 8% achieved the "Good" level and 3%
achieved a "Poor" level. Additionally, a co-evaluation between peers and a self-evaluation
were carried out, obtaining average grades of 16.5 + 1.7 and 6.6 + 1.6, respectively. The
scores of these two evaluations did not present a statistically significant difference with the
knowledge score given by the teachers (p<0.01).
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Figure 1. Example of the analysis performed by the students to solve the proposed case.
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The second measurement was made 4 years later to 134 students who accepted or were
available to take the evaluation. The average knowledge score on Pharmacogenetics was 17.2
+ 4.1 points, where 63% of the students achieved the Excellent learning level, 22% achieved
the "Very good" level, and 12% achieved the "Good" level. and 3% achieved a “Poor” level.

100%
90%
80%

67%

70%
60%
50%
40%
30%
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Figure 2. Knowledge achieved in pharmacogenetics, comparison of the year 2014 and 2018. Source: Elaboration
of the authors

No significant difference was found between the first and second measurements. Of the 142
students who qualified with superior levels of learning in the first measurement (Excellent
and Very Good), 80.3% continued with superior levels of learning four years later.

4. Discussion

According to Schunk (1997) defines learning as "a lasting change in behavior or the ability
to behave in a given way as a result of practice or other forms of experience", when analyzing
this concept three important elements are identified: 1. It is a change from the traditional
lecture given by the teacher (2012), to a presentation built by the students themselves (2014)
2. Implies the development of a capacity to conduct oneself; it means that the person who
learns acquires skills, and develops abilities. 3.1t is a result of responsible self-learning
practice. When analyzing the results over time, in 2014 the students raised what they know
and do not know to solve the problem. The non-statistical difference between the results of
the co-evaluation, hetero-evaluation and Bloom scale suggests an adequate reliability and
validity of the assessments, for which it is justifiable to carry out a basically cognitive
evaluation in the second moment of the investigation. In 2018, the students were already
aware of the genetic polymorphism that patients present in their metabolism of warfarin, and
the decisions to be made in the face of this problem.
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In this constructivist scenario of individual and collective learning, among the factors to be
highlighted are discipline, responsibility and the repetition of processes to acquire
knowledge. This learning is complemented by collaboration and interaction between peers.

During the first stage, the investment of time is equivalent to 100 hours of collective work;
which resembles the process of scientific research. These hours of work invested are
evidenced by the results of the second stage, where all students received passing grades
(considering that four years had passed since the intervention).

The learning model for warfarin metabolism indicates that we are working with the drug with
the greatest impact in the treatment of thrombosis, as stated by Zambon, C.F., Pengo, V.,
Moz, S. et al. (2018),, this author has shown that therapeutic failures obey the patient even
more than the drug and can be predicted knowing the INR results in the first 19 days of
treatment and adjusting the dose.

Our teaching proposal has been developing since 2014, which includes methodologies such
as PBL, which includes the resolution of public health problems Galindo Cardenas, L. A., &
Col. (2011); Aguilar, M.E., & Col. (2011)., Lermanda, C. (2016).In pharmacology, the
problems elaborated deal with drugs recognized as essential by the WHO, in this way the
students are prepared for the reasoned prescription of drugs with ethical responsibility.

Currently we continue to develop virtual and face-to-face teaching models. We are sure that
in 2022 we will use the B-learning modality and also e-learning in all subjects, which have
contributed to the development of meta-cognitive skills in students.

5. Conclusion

Cognitive ability is persistent over time using the methodology described in the
Pharmacogenetics learning process. It was shown that the use of a meaningful learning
methodology with PBL and ICT can make knowledge last and serve in the future for
decision-making in the selection of medication.
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Abstract

Globally, Covid-19 has created unparalleled challenges at all levels of
education. In view of this, Umm Al-Qura University (UQU) introduced
electronic learning in education as a measure to limit the pandemic’s effects.
In this study, a comparative, cross-sectional approach was taken to explore
the use of electronic learning as an active teaching model. The Blackboard
was utilized to aid knowledge retention and transform pharmacological
knowledge from theoretical to practical knowledge. The study was conducted
between January 2020 and April 2021 with 415 pharmacy students. Students
felt that content saturation and traditional lectures were critical obstacles for
active teaching. Meanwhile, integrated active intellectual teaching methods,
including flipped classrooms and practical video simulations, facilitated
students’ engagement. As contemporary teaching methods are required in
modern education, UQU has sought to empower excellence in education and
transform the teaching of pharmacology during the pandemic.
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1. Introduction

Effectively implementing innovative technology in the field of classical education is a
modern day challenge. However, this is important because new educational models that use
electronic learning (e-learning) can develop skills and competencies, as well as enhance
student engagement and promote interactive learning (Brouwers, Makarski, and Levinson,
2010). Existing research on information technology shows that the acquisition of knowledge
is linked to technical developments that pass on information (e.g. multimedia technologies).
Thus, incorporating such methods in education facilitates the shift from externally controlled
to self-directed learning (Hutten, Stiegmaier, and Rauchegger, 2020). Given this background,
educational institutions are faced with the question of how to best incorporate technology
into their course design.

This existing challenge was further complicated by the Covid-19 pandemic, which created
challenges at all levels of education (Hoofman and Secord, 2021). When the pandemic began
in 2020, the Saudi government announced that all education would continue on a remote
basis (News, 2020), which forced educational institutions to rapidly shift their teaching
methods. The aim of this study is to explore the uses of e-learning as a contemporary teaching
model and to analyze the barriers and strategies associated with its adoption. To this end, one
such institution, the Saudi Umm Al-Qura University (UQU), will be taken as a case study.

2. Method

2.1. Ethical considerations and study design

The study was approved by the Scientific Research Ethics Committee at UQU (Institutional
Review Board number: HAPO-02-K-012-2022-02-972). A comparative cross-sectional
approach was used to examine the use of e-learning as an active teaching model. Participants
were undergraduate (second-, third-, and fourth-year) Doctor of Pharmacy students that were
registered at UQU pharmacy college. Participants were provided an informed consent form
that they signed prior to taking part in the study.

2.2. Pharmacology course design

During the pandemic, the pharmacology curriculum was adapted into an online teaching
course made up of four modules: pharma I (drug neuropharmacology, including effects at the
cellular and molecular level on the central and peripheral nervous system); pharma II
(cardiovascular pharmacology of drugs used in the treatment of cardiovascular diseases);
pharma III (basic and clinical toxicology, including the effects of drug toxicity on
experimental and clinical levels); and pharma IV (oncological pharmacotherapy, which are
drugs that slow or block cell growth and are most often associated with cancer; and
antimicrobial pharmacology, which are drugs used to treat bacterial diseases). Each module
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contained 12 chapters. To ensure that the students concentrated on their studies, the teaching
content in each chapter was divided into several theoretical and practical classes lasting
approximately 60-90 minutes each. This structure addressed the course’s intended learning
outcomes (ILOs) (knowledge, skills, and values), with the aim of guiding students through
active high-impact teaching.

2.3. Contemporary teaching strategies

Several creative teaching approaches were employed to teach the pharmacology course on a
remote basis. The aim of these strategies was to take the online course from a low-impact
traditional level (that of teacher-centered “teach in front of a computer screen” and student-
centered “stay at home and take the course passively online”) to a high-impact modern level
by applying integrated methods of active intellectual teaching. These integrated teaching
strategies included taking a pharmacotherapeutic approach by drug class and sub-class;
problem-based learning case studies; practical video simulations; flipped classrooms; and
gamification in pharmacology science group activities.

2.4. Contemporary assessment strategies

To assess the effectiveness of pharmacology teaching as an educational outcome, various
questions were posed by UQU faculty members at the end of each module. These questions
evaluated different pharmacological teaching methods, while also focusing on the students’
interests and knowledge during each theoretical class. Five kinds of questions were posed:
open-ended (questions that promoted student interactive discussion); closed-ended
(questions used to focus thinking on a particular pharmacological drug interaction); rhetorical
(questions that reinforced a therapeutic idea or emphasized a point); managerial (Blackboard
polling questions that kept the pharmacology classroom operations moving); and essay
questions (asking for pharmacological information, such as descriptive, evaluative, and
comparative points of view).

2.5. Study survey

The survey, which was adapted from a questionnaire used to get students’ feedback at the
end of each semester, was hosted by the UQU WebEx research platform. Participants were
given summary evidence of e-learning’s impact on education, and they used a four-point
Likert scale to address the following: their satisfaction with UQU’s integration of knowledge
management and e-learning; the most concerning learning barriers; and the best strategies to
mitigate said barriers. The study followed the Checklist for Standards for Quality
Improvement Reporting Excellence for Education (Greg et al., 2019).
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2.6. Statistical analysis

Descriptive statistics were used to summarize the responses. For categorical variables,
responses to “Yes/No” or multiple-choice questions were calculated using numbers (n [%]).
Regression models were used to explore the relationship between demographic factors and
responses using t-tests, mean differences of continuous data, and chi-square tests for
dichotomous or ordinal data. A two-side hypothesis testing was then carried out at the 5%
significance level. The Blackboard and Webex research platforms were used to produce
graphical outputs and perform statistical analyses.

3. Result

The study was conducted between January 2020 and April 2021. Four hundred and fifteen
undergraduate pharmacy students participated with a total of eight groups in each academic
year (four female and four male subgroups, ranging from 15 to 17 students each). The length
of each pharmacology module was 16 weeks (12 academic weeks and 4 examinations). Six
high-impact instructional strategies were identified: the strategy of high relevance, high-
quality engagement, effective assessment, effective feedback, adequate support, and the
preparation of contingency plans. They are presented below to emphasize how instructors
used e-learning technology to improve pharmacology teaching experiences.

3.1. High relevance between e-learning instructional plan design and student education

The Blackboard was used as a comprehensive digital learning tool. Its Collaborate Ally
function elaborated the course’s lesson plan design seamlessly, thereby bridging the gap
between theoretical and practical classes. This helped the faculty to take control of the digital
course contents and make ILOs more accessible to students in an integrated way. The
Blackboard’s Collaborate Synchronous function was also used to engage students and
encourage the development of professional skills.

3.2. E-learning and high-quality engagement

The Blackboard, Mediasite, and WebEx platforms were used to facilitate collaborative and
group activities. The Blackboard Analytics was utilized to support pharmacology knowledge
retention. While the Mediasite was used to deliver practical videos to simulate active
teaching, WebEx was used for asynchronous and synchronous communication (web-audio-
video meetings on how to do scientific pharmacology presentations using flipped classrooms
etc.). In this way, the platforms offered a well-rounded learning experience by ensuring that
all enrolled students could realize their potential and actively collaborate during their classes.
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3.3. E-learning and effective assessment of student education

The Blackboard was regularly adjusted to ask various types of questions at the end of each
pharmacology module chapter to assess teaching and learning outcomes. Its assessment and
accreditation functions helped the lecturers simplify assessments and improve problem-based
learning and flipped classrooms (in contrast to traditional lectures, which are often perceived
by students as being boring and dry). The average percentage difference of students per
activity interactions was 85%; course rating, activity assessment, and access to pharma II
module contents were highly valued at 100%. Figures 1 and 2 detail the course activities of
one student, who spent the most time studying the course contents (more than 50 hours, which
was above the course average of 10% of the grade center scores in the pharma II module).

3.4. E-learning and adequate study support provided by UQU faculty

The students’ weekly marks and feedback reports allowed the UQU faculty to intervene early
and keep them on track for success. Furthermore, the Blackboard helped staff predict and
identify at-risk students and therefore eliminate their achievement gaps, making it possible
to overcome learning and progress barriers. The module activities grade matrix identified
active students with the highest grade interactions (i.e. those who scored an A*, 100-95, or
an A, 94-90), as well as inactive students with the lowest grades (those who scored a B, which
less than 80%), as shown in Figure 3.

The linear regression model explained 3.1% of the variance in students’ scores, which was
statistically significant at a=0.05. The scores were positively associated with their
accessibility to pharmacology courses such that, for each additional accessibility to the course
activities, the natural log of accessibility was predicted to increase by 0.002 units; this
association was statistically significant (P = 0.001) with more than 85% of the grading scores
(Figure 4).

3.5. E-learning and effective feedback of UQU students

The survey findings show that e-learning deepened knowledge and skills in experimental
operations that used a cumulative e-learning based assessment (Figure 5). Overall, 333
(80.2%) students were satisfied with the integration of pharmacological knowledge
management and e-learning, and only 102 (24.5%) were dissatisfied with the lack of practical
pharmacological classes involving animals. Additionally, 232 responders (55.9%) and 183
responders (44.1%) rated traditional courses and content saturations as being important
barriers to active teaching, respectively. Conversely, 224 responders (54.0%), 150 responders
(36.1%), and 140 responders (33.7%) rated the therapeutic teaching strategies by drug
classes, practical video simulation, problem-based learning case studies, and flipped
classrooms as important innovative strategies to overcome passive teaching, respectively.
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Figure 2. The course activities and assessments overview per student in pharma Il module versus all pharma
modules (I-1V) with the highest marks

3.6. Contingency plan to manage unexpected technical obstacles to e-learning

Due to the sudden emergence of Covid-19 and the subsequent shift to remote learning, most
UQU faculty members and students faced the challenge of overcoming poor e-learning
management experience. To enable this, UQU launched a digital library for training and an
online forum to teach faculty and students how to use e-learning programs. Furthermore,
UQU technology support teams from the Deanship of E-learning and Distance Education
(from the University Vice Presidency for Educational Affairs) offered regular courses to
support UQU faculty and students (UQU, 2020).

4. Discussion and Conclusion

Pharmacology teaching is in a state of constant reform. This is especially important in the
Covid-19 era, where education faced new challenges. In the interest of promoting UQU in
international university rankings, university officials made an effort to empower its students,
transform the teaching of pharmacology, and apply integrated methods of teaching. The
initial implementation of e-learning using the Blackboard was highly successful and time-
efficient during the pandemic. This study recommend six instructional strategies for high-
impact teaching practice in pharmacology to ensure that pharmacy students effectively
engage and collaborate in the transition to high-impact education.
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Figure 3. (a) Module activities grade matrix of students enrolled to pharma II course. (b) Grade matrix of active
student with A* and A highest grade. (c) Grade matrix of inactive student with lowest grade less than B grade.

This was evidenced by pharmacy students’ formal feedback on the effectiveness and
efficiency of the desired ILOs for this structural course. However, the majority of pharmacy
students considered the lack of active practical involvement and spending more time in-class
(compared with practical studying outside the classroom) to be important barriers, which may
affect their learning effectiveness. Based on this, it appears that students’ challenges did not
come from technical obstacles, but from difficulties such as their own learning attitude, which
may include a lack of self-discipline or a good learning environment at home. Therefore, the
quantity, difficulty, speed of learning, and length of teaching content should match the
academic readiness and online learning behaviour of students. Constructivist didactics try to
optimize individuals’ acquisition of knowledge by fostering active thinking and providing an
optimal learning environment. Cognitivist theory advocates acquiring a balance between self-
directed (student-centred) and externally directed (teacher-centred) instructions (Berzbach,
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2004). For this purpose, this study utilized e-learning in education with a development of
social competences that fostered learning in small groups. The use of contemporary teaching
strategies such as high-quality engagement (learning with peers in small groups using
asynchronous or synchronous communication), cognitivist didactics (evidence-based
learning, practical video simulations, and personal interpretations), effective assessment, and
supportive feedback, ameliorates pharmacy students’ experiences. Such strategies help
pharmacy students develop their own effective learning strategies, including critical thinking
and problem-solving. Hence, gaining knowledge is not an external process (as in cognitive
science), but is internally driven (self-directed learning).

Although the results of using e-learning in pharmacology are promising, there are still
unresolved questions including how to measure the success of e-learning in the short- and
long-term. If one accepts that constructivist learning is best suited for e-learning, a conceptual
problem arises, since traditional examinations have a strong basis in cognitive learning
theory. To address this, pharmacologists and pharmacists must collaborate with educational
professionals to develop suitable modes of evaluation.
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Figure 4. The grading distributions and access to pharma Il course module versus all pharma modules (I-1V)
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Abstract

This case study compared student performance and experiences in a flipped
hybrid classroom (FHC) and a traditional classroom (TC) in a post-graduate
chemical pathology programme.

Nine students participated in the study. The final summative grades based on
clinical case vignettes assessing high cognitive domains were 55.83% (£26.94)
and 60.61% (£36.02) for the FHC and TC, respectively. Students obtained
higher scores in the synthesis domain in the FHC compared to the TC. In
contrast, higher scores were obtained in evaluating pathophysiology and
biochemical test results in the TC. The thematic analysis of the open-ended
questions identified three themes: (1) flipping is fun and informative; (2) TC is
better with a bit of flip; and (3) we know what we like.

This study showed that the TC showed slightly better summative assessment
performance, and that students are positive about flipped approaches but have
their own preferences.

Keywords: Flipped classroom; hybrid classroom, flipped hybrid classroom,
traditional classroom; chemical pathology.
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1. Introduction

Chemical pathology is a specialist branch of medicine that involves the biochemical
investigation of bodily fluids to help manage disease in patients. The biochemical tests
require analysis and interpretation in conjunction with associated clinical information. Post-
graduate studies in chemical pathology attract graduates from the basic biological sciences
and medicine. At the University of Pretoria, South Africa, the Bachelor of Science Honours
(BSc.Hons) degree introduces science graduates with biological science majors to chemical
pathology. Clinical case vignettes teach knowledge of disease states and interpretation of
biochemical tests. Case-based study is challenging for science graduates as they lack
fundamental knowledge of clinical sciences. Therefore, alternative approaches to teaching
chemical pathology may benefit their academic performance and learning experience.

2. Literature review

The flipped classroom inverts the traditional classroom (TC) by moving the lecture and self-
study activities to out-of-class activities. Flipping can take many forms, and the format and
definition of the flipped classroom are varied. The flipped classroom encourages the four
phases of experiential learning: active experimentation, concrete experience, reflective
observations and abstract conceptualisation (Kolb & Kolb, 2005), and may benefit an active
construction of knowledge. Notably, the flipped classroom supports peer-peer and student-
instructor interaction and facilitates problem-solving during the in-class activity (Kennedy,
2013). Also, flipped teaching models are claimed to afford flexible learning environments,
improve in-class engagement with instructors, and develop critical thinking domains required
in problem-solving (Kennedy, 2013).

Criticisms of the flipped class are high resource investment in developing teaching material,
the need for new technology and instructor skillsets, and the need for students to develop
active and self-directed learning skills. In addition, there are limited studies that rigorously
compare TC to the flipped classroom, especially using performance outcomes (DeLozier &
Rhodes, 2017; Kennedy, 2013), so its value in teaching and learning is questioned.

The use of e-technologies to engage students during out-of-class activities is attractive as
various evolving platforms and computer software can be used to achieve learning objectives.
Electronic technologies can be utilised in distinct areas of medical education such as
electronic learning (online learning or e-learning), electronic teaching and electronic
assessment (Ellaway & Masters, 2008). E-learning may encourage flexible (synchronously
or asynchronously), engaging, learner-centred and interactive learning experiences (Ellaway
& Masters, 2008).
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Hybrid learning is a pedagogical approach that combines face-to-face instruction with
computer-mediated instruction, for example, e-learning methodologies (Scida & Saury,
2006). Multiple modes of hybrid delivery exist with various mixtures and approaches to
optimise learning goals.

Research demonstrates that classrooms utilising flipped and hybrid methods create rich
learning experiences with favourable student preferences (Smith, 2021). The flipped hybrid
classroom (FHC) has been applied in biochemistry teaching (Singh & Arya, 2020), which is
the foundation of chemical pathology, but student performance was not assessed in that study.

Our study compared student performance and experiences between TC and a pilot FHC in
endocrinology study units in the chemical pathology BSc.Hons programme at the University
of Pretoria.

3. Methods

This study utilised a quasi-experimental cross-sectional case study design at a single centre.
Two endocrinology study units in the BSc.Hons were taught to nine students, either by FHC
(adrenal endocrinology) or TC (reproductive endocrinology). Each study unit spanned ten
days.

Lecture notes were uploaded to the LMS after the delivery of a 90-minute lecture which
explored core content knowledge and case vignettes. Students were encouraged to follow up
on problematic concepts with the lecturer via email.

A three-stage FHC model was used and consisted of pre-class, in-class and post-class stages.
The pre-class stage required students to complete all preparative activities and formative
online assessment (with feedback) to access the 90-minutes in-class session and the
summative assessment. Formative assessments were not scored, and unlimited testing
attempts were permitted.

The pre-class stage consisted of various online activities (e-tivities) and teaching material
uploaded to the LMS six days before the contact session. The e-tivities consisted of (1)
PowerPoint™ slide presentation; (2) flashcards with questions and summaries designed on
Cram™ with conceptual image and textual feedback; (3) word puzzles designed on
Crossword Compiler 11™ interrogating essential biochemistry concepts; (4) a short five-
minute "Conceptual Nugget" video on dynamic tests, self-created on an iPad and edited on
the Apple Movies application; (5) a 10-minute video on an adrenal disease case study with
formative assessment inserted in the video using EdPuzzle™; (6) an online case vignette on
adrenal tumour with the discussion threads moderated by the instructor via the Blackboard™
LMS discussion tool; and (7) freeware webinar segments that explored screening tests in
adrenal disease.
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Conceptual problems that arose from engagement with all online preparative material and
formative assessments were explored and clarified during the 90-minute in-class contact
session. Furthermore, all students participated in consolidating problem concepts during a
three-day post-class asynchronous consolidation session via the online discussion board.

A case study methodology used two sources of data: student performance and an online
questionnaire. Student performance was assessed via an end-of-module, written, face-to-face
assessment that used clinical case-based vignettes that evaluated high-order thinking.
Students were required to integrate clinical history, physical examination findings, and
laboratory results to diagnose and interpret biochemical tests and pathophysiology.

An online questionnaire was administered via Qualtrics*™ after each study unit. The
questionnaire was based on the course experience questionnaire instrument (Ramsden, 1991).
The questionnaire was validated by experts and consisted of eight open- and seven closed-
ended items, which used a five-point Likert scale. The summative examinations results were
captured on an Excel™ spreadsheet. All quantitative scores were descriptively analysed and
expressed as percentages (+ standard deviation). Two researchers manually coded the open-
response questionnaire items and used an inductive process to generate themes.

The study adhered to the principles of the Declaration of Helsinki and received ethical
clearance from the Faculty of Health Sciences Research Ethics Committee at the University
of Pretoria (ethics clearance certificate number 737/2019).

5. Results
Nine students completed the FHC questionnaire, and seven completed the TC questionnaire.

The final summative average scores were 55.83% (+£26.94) and 60.61% (£36.02) for the FHC
and TC, respectively. Students obtained higher scores in the synthesis domain of diagnostic
questions in the FHC (80% £34.96) than TC (60.00 £51.63). In contrast, higher scores were
obtained in analysis, interpretation and evaluation cognitive domains of biochemical tests
and pathophysiology knowledge categories in the TC (66.33% +32.24) than FHC (53.00% =+
29.07). In general, the standard deviation was wide across all scoring categories and reflected
the sample group size and the abnormal distribution of the data.

The results from the questionnaire showed that most participants agreed that both FHC and
TC improved analytical (FHC: 88.89%, N=8; TC: 82.71%, N=6) and problem-solving
skillsets (FHC: 88.89, N=8; TC: 82.71%, N=6). The FHC showed stronger agreement on
enhancing written communication skills (FHC: 88.89%, N=8; TC: 57.14%, N= 4). More
participants agreed that the FHC improved their ability to plan their study (FHC: 44.44%,
N=4 TC (63.43%, N=5). Also, more participants (88.89%, N=8) agreed that their self-
confidence to solve clinical cases in laboratory medicine was enhanced by the FHC study
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unit compared to the TC (71.43%, N=5). Most (FHC: 88.89%, N=8; TC: 85.72%, N= 6)
agreed that lecturer was good (FHC: 88.89%, N=8, TC: 85.71%, N=6) and were satisfied
with the overall quality of both module approaches (FHC: 77.78, N=7; TC: 85.72, N=6).

Thematic analysis of open-ended questionnaire items identified three themes.
Theme 1: Flipping is fun and informative

Participants emphasised personal enjoyment of the flipped e-tivities and could emphasise a
wide range of potential academic benefits. Notable inclusions were: class preparation,
engagement with the material, enhancing memory retention and testing their understanding.
One student articulated the utility of focussing their attention on crucial information through
formative assessment provided by online e-tivities.

"The electronic activities were set up in such a way, that reading was still required
but, in my opinion, reading was made easier because one would read to specifically
find the answer to complete the electronic activity." (P4)

Participants found video material the most helpful, particularly webinar and EdPuzzle™
videos. They also named the online discussion board and the CRAM™ flashcards as useful
for engagement, memorisation, and preparation for an in-class activity. Interestingly,
participants considered the PowerPoint didactic lecture the least favourite online activity
because "The [lecture] material was a bit overwhelming, but the contact lecture gave a
clearer of what was required" (P3). But the view on the lecture notes was not necessarily
shared but considered "comprehensive and easy to follow" (P1).

Participants emphasised that the in-class interaction with the lecturer was needed to support
the flipped activities as "face-to-face interaction with lecturer provides opportunities to ask
questions when you missed something." (P2). Poor internet connectivity was a barrier for
some accessing the e-tivities — but the e-tivities were considered fun and worthwhile despite
this challenge.

Theme 2: TC is better with a bit of flip

Participants attending the TC included reading the prescribed chapters from the textbook or
independently sourcing out other learning materials on the topic as part of their preparation.
Some participants engaged with the textbook, which was "very informative" and provided a
"foundation" for the lecture (P5). Participants understood the material "much better in the
lecture" (P9) if they had prepared ahead of class.

Theme 3: We know what we like

Participants were keen on a combined approach due to the perceived benefits: "I actually
prefer a combination of a traditional lecture with some additional activities. I find it
beneficial to go through the lecture notes and do some extra reading before the lecture as
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that enables me to listen with understanding and make notes where I may not have
understood. I also, however, found it interesting to do the additional activities." (P1)

Other advantages of the combination of FHC and TC identified unique and overlapping
features of each classroom approach. For example, preparation outside class would prepare
them to ask questions during the lecture. The TC permitted participants to focus better on
relevant issues without distraction by diverse activities that appeared to divide their attention

across learning objectives. The contact session was identified as: "... helpful because I was
able to ask questions and get clarity of concepts I did not understand while I was reviewing

the work alone" (P5).

The introduction of e-tivities was resisted by those who had "... become accustomed to the
traditional lecture format. I am not really a fan of electronic learning." (P8); and traditional

"

lectures made it possible "... to follow the lecture clearly” (P7). Participants were very
confident when stating their preferences: "Although flipped classroom electronic activities is
a more fun/enjoyable form of learning, I believe the best way to build knowledge and study

is with traditional lecture format and reading" (P6).

6. Discussion

This study compared student performance and experiences between TC and FHC in an
endocrinology module in a BSc.Hons programme in chemical pathology. Studies that
compare the flipped classroom to the TC are limited, particularly those regarding objective
student performance. In our study, the TC summative scores were slightly higher than the
FHC. Similar studies in health sciences have shown equivalent, inferior or improved
performance (DeLozier & Rhodes, 2017).

In this study, participant experiences were generally positive and similar to other studies
(Bishop, 2013). Participants reported that their analytical and problem-solving skills had
improved (both FHC and TC), and as a result, they felt confident in solving case-based
clinical cases. The ability to evoke higher-order cognitive thinking (Bloom, 1956) and
develop critical thinking is vital in higher education to develop a "deep knowledge" of subject
matter (John Biggs, 2011). However, the research is unclear whether a flipped model
supports the development of critical thinking skills (van Vliet, Winnips, & Brouwer, 2015)
or shows no improvement in critical thinking (Hwang & Oh, 2021). The student experiences
in our study support improved analysis and problem-solving of clinical case vignettes by both
TC and FHC modes.

It is also noteworthy that some participants attending the TC also prepared ahead of the
lecture - an informal flipped approach. Participants motivated that preparation ahead of the
in-class session improved their in-class engagement in both TC and FHC. In contrast, results
of a pharmacotherapy course showed that students spent little time preparing for traditional
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lectures without in-class accountability (DeJongh, Lemoine, Buckley, & Traynor, 2018).
Therefore, the FHC in our study provided an expansion of an already existing informal
student practice of pre-class preparation by providing scaffolded online activities and
formative assessments.

Our study findings identified that video case-based teaching and webinars were the most
preferred mode of e-tivity. The combination of the flipped classroom strategy and
EdPuzzle™ has improved students' participation in learning activities and achievement in
writing (Hidayat & Praseno, 2021). The preference for a combination of TC (with online
activities) or solely TC emphasises students' needs for personal engagement with the lecturer.
Bishop (2013) also identified student preference for in-person lectures compared to video
lectures and interactive in-class activities compared to lectures. The unique contribution of
the lecturer to resolve conceptual problems aligns with Vygotsky's concept of the zone of
proximal development that identifies the supportive role of teachers in advancing students'
learning (Vygotsky & Cole, 1978). In summary, this study supports online video e-tivities
coupled with instructor in-person or online support to encourage multi-dimensional thinking
(John Biggs & Collis, 1989) demanded by case-based study.

A limitation of this study is the small number of participants, which was unavoidable as this
is a niched small group enrolment programme.

7. Conclusion

A comparison between the performance and experiences of the FHC and TC in small-group
post-graduate chemical pathology module identified slightly higher summative scores in the
TC method and positive learning experiences in both formats. In addition, the role of contact
sessions and lecturer support was regarded as essential for learning. Any change to this
programme needs more data to determine the optimal lesson plan. Future studies can
investigate further novel combinations of elements from TC and FHC models to achieve the
optimal balance for teaching and assessing chemical pathology.
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Abstract

Interprofessional education is widely acknowledged as critical for training
successful clinicians, however logistical challenges often interfere with its
implementation. The aim of this paper is to describe the procedures developed
to enable students in different health professional programs in different
geographic regions within the same country to learn about each other’s
professions and apply this knowledge to optimize outcomes for patients.

Principles from the Rehabilitation Treatment Specification System and
Universal Design for Learning were combined to design an efficient and
effective virtual approach to achieving interprofessional knowledge and
collaborative skill outcomes. Application of these principles resulted in a 3-
stage approach combining synchronous and asynchronous learning as well as
didactic and problem-based learning. This paper describes the design and
implementation for speech-language pathology and pharmacy students
learning about swallowing disorders, but the procedures are applicable to a
broad range of professions and academic content when interprofessional
education is the goal.
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1. Introduction

To address the complexity of modern healthcare, it is no longer acceptable to educate health
professionals in silos. Adverse patient outcomes and increased health expenditures are a
result of fractured health systems, miscommunication, and poor collaboration among health
professionals (World Health Organization [WHO], 2010). The “Framework for Action on
Interprofessional Education & Collaborative Practice” (WHO, 2010) emphasizes the
importance of implementing innovative approaches to teaching and highlights how
interprofessional education (IPE) allows students to develop the appropriate skills to become
“collaborative practice-ready” healthcare providers. While there are many published
collections of IPE competencies (e.g., Canadian Interprofessional Health Collaborative
[CIHC], 2010; Interprofessional Education Collaboration [IPEC], 2016), there are two
overarching objectives reflected in all: 1) learning about other professions to know when to
collaborate and 2) learning with other professions to know how to collaborate.

IPE requires progressively complex learning activities to be contextually relevant,
interactive, experiential, and reflective (D’Eon, 2005; McKee, D’Eon, & Trinder, 2013).
Outcomes of IPE that meet these criteria include shared leadership, collaboration,
communication, and respect for the roles and responsibilities of other health professionals
(IPEC, 2016; Guraya & Barr, 2018; van Diggele, Roberts, Burgess & Mellis, 2020).
However, logistical challenges such as scheduling and coordinated planning limit the
feasibility of implementation (Ward, Zagoloff, Rieck & Robiner 2018), resulting in missed
opportunities for meaningful interprofessional training that would enhance the quality of
patient care, especially for patients with complex presentations.

One example of a complex medical condition where interprofessional training could enhance
efficiency and effectiveness of patient care is swallowing difficulties, also known as
dysphagia. Several studies have suggested that at least 40% of patients in acute care present
with dysphagia (e.g., Altman, Yu & Schaefer, 2010; Crary, Humphrey, Carnaby-Mann,
Sambandam, Miller, & Silliman, 2013; Pefialva-Arigita, Prats, Lecha, Sansano, & Vila,
2019). If poorly managed, dysphagia can lead to malnutrition, pneumonia and, in some cases,
mortality (Carrion, Cabré, Monteis, Roca, Palomera, Serra-Prat, Rofes, & Clavé, 2015;
Clavé, Rofes, Carrion, Ortega, Cabré, Serra-Prat, & Arreola, 2012), as well as increased
hospital costs, length of stay, and risk of readmission (Attrill, White, Murray, Hammond, &
Doeltgen, 2018; Patel, Krishnaswami, Steger, Conover, Vaezi, Ciucci, & Francis, 2018).
Through interprofessional collaboration, speech-language pathologists ensure patients are
swallowing safely and efficiently, occupational therapists ensure patients have the fine motor
skills to self-feed, and dietitians ensure patients are receiving the nutrients they require to
thrive. Importantly, pharmacists can also ensure optimal patient outcomes, given their
expertise in pharmaceutics, pharmacology, pharmacokinetics, and medication management
strategies. Unfortunately, collaboration between pharmacy and speech-language pathology
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students is limited. There are just 12 speech-language pathology and 10 pharmacy programs
across all of Canada, with only half being co-located in the same university.

In the fall of 2021, the Pharmacy program at the University of Manitoba in Winnipeg,
Manitoba (Canada) partnered with the Speech-Language Pathology (SLP) program at
McMaster University in Hamilton, Ontario (Canada) to design and carry out a novel
interprofessional and inter-university event. McMaster University does not have a Pharmacy
program and the University of Manitoba does not have an SLP program. The goal of the
event was to teach students about dysphagia, drug delivery, and the impact they may have on
one another. The aim of this paper is to describe the procedures developed to enable students
in pharmacy and speech-language pathology programs in different geographic regions to
learn about each other’s professions and apply this knowledge to optimize outcomes for
patients with dysphagia. The IPE event was named “A Tough Pill to Swallow: Dysphagia
Management for SLP and Pharmacy Students.” While this paper explains the creation of an
IPE event specific to pharmacy and speech-language pathology students, the procedures
described are applicable to a broad range of professions and academic content when
interprofessional education is the goal.

2. Methods - Defining Interprofessional Learner Outcomes

The four authors, two faculty from each program, met to discuss the limitations in current
instructional content on dysphagia and medication delivery effects, as well as optimal timing
of providing this content. Both primary goals of interprofessional training (learning about the
other profession to know when to collaborate and learning with the other profession to know
how to collaborate) were deemed important to include. For the SLP program, the optimal
timing was identified as early in the final year of the two-year Master of Science program,
when students had learned how to assess and treat dysphagia but were just embarking on
applying this knowledge in more advanced contexts. For the Pharmacy program, the optimal
timing was identified as early in the third year of the four-year Doctor of Pharmacy program,
when students have knowledge on the pharmacodynamic and pharmacokinetic drug
properties and clinical skills for complex application-based learning. Course schedules were
compared to find a week agreeable to each program.

Learner outcomes were categorized as Knowledge Outcomes when they achieved learning
about dysphagia, medication delivery, and the roles of each profession. In contrast, Skill
Outcomes involved collaborating to enhance care for a patient with dysphagia. Both sets of
outcomes were defined in behavioural terms and were equally applicable to students in both
programs. The Knowledge Outcomes were to describe various dysphagia management
recommendations, describe various methods of medication delivery, explain how delivery
methods impact drug effectiveness, and explain how diet texture modification and
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medication delivery methods impact each other. The Skill Outcomes were to identify
opportunities for and benefits of collaboration between SLP and Pharmacy to optimize a
given patient’s health and wellbeing, prepare medical chart notes (one for each profession)
for a given patient describing the analysis and recommendations that reflect the result of
collaborative decision-making, and describe the group process skills required to achieve
effective information sharing and problem-solving in patient care discussions.

3. Methods - Mapping Instructional Methods onto Learner Outcomes

Principles from the Rehabilitation Treatment Specification System (RTSS; Hart, Dijkers,
Whyte, Turkstra, Zanca, Packel, Van Stan, Ferraro, & Chen, 2019) were used to map the
instructional methods onto target learner outcomes. The RTSS emphasizes the importance of
instructional “ingredients” matching the desired learning outcomes, such that if changes in
Knowledge are required, ingredients include descriptions and explanations, whereas if
changes in Skill are required, ingredients include practice. Therefore, didactic instructional
methods were selected to achieve the Knowledge Outcomes while problem-based learning
methods (Neufeld & Barrows, 1974) were selected to achieve the Skill Outcomes.

In addition, principles from Universal Design for Learning (Center for Applied Special
Technology [CAST], 2018) were used to ensure a sufficient variety of instructional
approaches were included to support students with varied learning preferences in accessing
knowledge via different routes (e.g., didactic vs problem-based) and in having different
modalities through which to share their knowledge (e.g., written vs spoken).

The University of Manitoba and McMaster University are separated by more than 2,000
kilometres and one time zone. Fortunately, the coronavirus pandemic had vastly increased
the accessibility of and comfort with virtual learning, so the IPE event was completed 100%
virtually on the Zoom platform. There were three distinct stages to the IPE event, each one
progressively building upon knowledge and skill. Approximately two weeks before the IPE
event, students were provided a handout describing the requirements at each stage.

3.1. Stage 1: Profession-Specific Content Delivered Asynchronously

Recognizing that each professional group needed an introduction to the basics of the other’s
knowledge on the topics of dysphagia and medication delivery effects, a 30-minute recorded
lecture was prepared for each student group. The Pharmacy program prepared a lecture for
the SLP students on the role of a pharmacist, the pharmacist’s scope of practice in Canada,
and collaboration opportunities. The SLP program prepared a lecture for the pharmacy
students that provided an introduction to normal swallowing and the role of speech-language
pathologists in dysphagia management. Both lectures were posted on each university’s
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respective Learning Management System one week before the IPE event so that students
could watch them asynchronously at times that suited their schedules.

During this time, the programs pre-arranged the 82 students into ten groups, with the group
composition ratio based on the relative number of students in each program.

3.2. Stage 2: Interprofessional Content Delivered Synchronously

A 1.5-hour synchronous interprofessional lecture was delivered virtually for all students.
Instructors from the SLP and Pharmacy programs collaborated on preparing the content. This
lecture built upon the knowledge delivered within the asynchronous lectures, with a focus on
the role of each profession when managing patients diagnosed with dysphagia, and included
relevant research to support evidence-based practice. Highlights from SLP included
swallowing assessments, diet texture modification recommendations, and a review of
thickened fluids. Pharmacy discussed types of medication dosage forms and their
characteristics, emphasized how product manipulation could alter drug delivery and affect
patient safety, and proposed a step-by-step process to assess medication management in the
patient with dysphagia. The Knowledge Outcomes were reviewed at the end of the didactic
portion and students were encouraged to ask questions to ensure the outcomes were achieved.

Upon completion of the lecture and question/answer period, problem-based learning cases
were released to the students. Two cases were prepared, with five of the groups assigned to
each case. Each profession was assigned homework relating to the case to complete prior to
Stage 3. The SLP students were required to interpret the dysphagia assessment results and
generate recommendations for appropriate diet modifications and the Pharmacy students
were required to review the medication list and consider strategies which could be
implemented to ensure appropriate drug delivery for different diet texture constraints.

3.3. Stage 3: Small Group, Problem-Based Learning

Each of the two cases reflected a different patient population and clinical needs but followed
the same template: description of the patient and reason for admission, medical history, pre-
admission medications, new medications since admission, and dysphagia assessment results.
Both Case A and Case B asked the interprofessional student groups to achieve the same Skill
Outcomes, described earlier.

This stage of the IPE event occurred two days after the didactic component. On arrival to the
virtual classroom, students were sorted into their small groups and given one hour to discuss
the case and document their Skill Outcomes on a shared Google Doc. One Google Doc was
prepared for each case, with separate sections for each group to document their results,
allowing students with the same case to benefit from other groups’ learning. Students were
encouraged to use the Help function in the virtual classroom to ask for an instructor to join
their group if they had questions, but instructors also rotated through the groups to check in
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on their progress. Just over halfway through the small group time, each group was informed
of which of the learner outcome results they would be required to present to the large group.

One hour was then allocated for the ten groups to join together as a large group. Four groups
(two per case) were assigned to share their findings for the first Skill Outcome (collaboration
opportunities). Another four groups were assigned to discuss the second Skill Outcome (chart
notes). The two remaining groups (one for each case) spoke to the final Skill Outcome (group
process skills). All groups elected representatives from each profession to share their learning
to ensure both perspectives were highlighted. Instructors provided input as needed. A final
question and answer segment and concluding remarks wrapped up the large group session.

Upon completion of this final segment of the IPE event, informal feedback was solicited to
determine student perceptions and learnings from the IPE event. The instructors then met to
discuss feedback and plan for the refinement of activities for the following year.

4. Results and Discussion

The design and implementation procedures for “A Tough Pill to Swallow: Dysphagia
Management for SLP and Pharmacy Students” were feasible and resulted in positive
feedback from students. The instructors recommend the RTSS- (Hart et al. 2019) and CAST-
inspired (CAST, 2018) procedures described in this paper for any programs wishing to
collaborate on implementing a virtual IPE event. The procedures were time-efficient during
both the development and implementation phases. They also resulted in effective and
efficient achievement of all desired Knowledge and Skill Outcomes. This was evidenced via
the students’ written work documented in the Google Docs, their oral presentations to the
large group at the end of the small group discussions, and the feedback provided immediately
post IPE event (van Diggele et al., 2020).

Feedback from the students suggested that they enjoyed the structure of the event, including
the staged process and multiple learning modalities (e.g., synchronous and asynchronous
components; individual, small group, and large group activities; didactic and problem-based
components). Many students described the significance of the learning event as they prepared
to embark upon their careers, commenting that they had not understood the critical
importance of collaboration between SLP and pharmacy prior to the event. Students also
indicated that they now felt comfortable reaching out to initiate collaboration with the other
profession and that they understood the tremendous value even a short conversation could
have on ensuring optimal management of their patients’ health and wellbeing.

Some suggestions were made to further improve the event for subsequent years. Students
recommended a smaller group size to ease interaction in the virtual platform. They also
indicated a preference for each group to have its own Google Doc, rather than its own section
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within one larger Google Doc, to reduce distraction while documenting their outcomes.
Finally, refinements to how information was shared in the large group were suggested to
improve the clarity of discussion across the two cases. The instructors additionally decided
to review the content provided across each of the three stages, in the context of what was
observed from the group discussions and presentations, to ensure duplication is minimized
while progressive scaffolding of content is reinforced. With feasibility of the methods
confirmed, the next iteration of this IPE event will use the extended version of Kirkpatrick’s
classic educational outcomes model (Reeves, Fletcher, Barr, Birch, Boet, Davies, McFadyen,
Rivera, & Kitto, 2016) to develop a pre- and post-online survey of perceptions of IPE and
implementation of collaboration skills, as well as any differences between the undergraduate
Pharmacy and graduate SLP student experiences.

5. Conclusion

This paper describes procedures developed to enable students in different health professional
programs in different geographic regions within the same country to learn about each other’s
professions and apply this knowledge to optimize outcomes for patients. A series of
procedures to address typical logistical challenges, such as time and space issues, while
adhering to effective pedagogical approaches, were also presented. A 3-stage approach
involving synchronous and asynchronous learning, as well as problem-based learning,
increased engagement by allowing students with varied learning preferences to fully
participate, and provided multiple opportunities for the instructors to confirm attainment of
all Knowledge and Skill Outcomes. A limitation of these procedures is that formal feedback
was not solicited from the students. However, this same model can be applied across
disciplines to demonstrate and highlight the importance of interprofessional collaboration.
Future research will capture formal pre- and post-data to evaluate changes in
interprofessional knowledge and skill.
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Abstract

Learning outcomes assessment is an effective academic quality assurance tool
that enables educators to review and enhance the alignment between planned,
delivered, and experienced curricula. Accurately assessing what students
know and are able to do after completing a learning module is the first step to
decide on the strategies to implement and the proper actions to take in order
to ensure the continuous improvement of the student learning experience. This
paper introduces a simple process for effectively assessing the intended
program learning outcomes using assessment data collected at the course
level. The process takes advantages of the assessment instruments used
regularly by course instructors to assess their students in the classroom. This
would help the program collect effective assessment data, while reducing the
assessment load and not overwhelming faculty with extra assessment tasks.
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1. Introduction

Educating the next generation of students and preparing them for the job market has always
been the core business of higher education institutions. With the emergence of the fourth
industrial revolution and the ubiquity of internet technologies and applications, higher
education institutions are currently facing several novel challenges. Four of these major
challenges have been identified recently by the World Economic Forum as the increasing
need for life-long learning; the evolving needs and expectations of students; the emerging
technologies and business models; and the transition towards a “skills over degrees” model
(Ostergaard & Nordlund, 2019). Other major challenges include global competition, the
increasing social and geographical diversity of the student body, and the reduction in state
and federal funding.

While addressing the above challenges, higher education institutions are still required to
provide quality education and to prepare students with the required skills and competencies
to deal with an extremely dynamic job market. Nevertheless, several shortcomings have been
identified by a recent study conducted by IBM’s Institute for Business Value. The study
surveyed the opinion of industry and academic leaders on the contemporary issues
confronting higher education. The results of the study published by Forbes magazine
(Morrison, 2015) indicated that only 43% out of the 1,000 industry and academia leaders
surveyed felt that higher education gave students the skills they needed to join the job market.
Moreover, only 41% believed that higher education met the industry needs.

Therefore, there is currently a considerable pressure from governments and academic
accreditation agencies on higher education institutions to improve the effectiveness of their
teaching practices to overcome the above challenges and shortcomings. For instance, the
Australian Vice Chancellors’ Committee stated in its guidelines for effective university
teaching that “the promotion of effective teaching should be a matter of highest priority for
each university and that each institution needs to develop a coherent set of policies and
practices which demonstrate that the institution values above all else the education of its
students and the contributions that academic staff make to the enhancement of student
learning” (Aylett & Gregory, 1996). Teaching effectiveness, continuous improvement, and
the ability of students to achieve their intended learning outcomes are also of utmost
importance for several institutional and academic accreditation agencies including WASC,
SACS, ABET, and AACSB, among others.

For a higher education institution to successfully promote effective teaching, its policies and
procedures should define what effective teaching is, and how it can be measured and
improved. Measuring teaching effectiveness in higher education environments, however, is
not as easy as measuring research and service effectiveness. Evidence of research and service
activities are usually public in nature, which makes them easier to locate and evaluate.
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Teaching activities, on the other hand, take place behind closed doors, where only students
and their instructors are usually involved. Hence, many universities rely on tools such as
students’ evaluation of teaching, peer evaluation of teaching, and course portfolios to collect
evidence regarding the extent to which teaching and learning has taken place (Aylett &
Gregory, 1996; Buckridge, 2008; Cerbin, 1994; De Rijdt et al., 2006; Melland & Volden,
1996; Shao et al., 2007). Other evaluation tools such as achievement of learning outcomes,
teaching related publications, and teaching awards are also mentioned in literature (Berk,
2005).

Among the tools mentioned above, Learning Outcomes Assessment (LOA) provide
educators with an effective tool to review and enhance the alignment between the planned,
delivered and experienced curriculum. LOA processes could be used for obtaining reliable
information to answer the following questions:

e  Are students achieving the intended outcomes?

e  Are they learning the required skills to succeed in this field or profession?

e s the program continuously improving the students learning experience?

e Should the curriculum or the teaching strategies be modified?

e  Are there other techniques or additional resources that would help students learn
more effectively?

Answering the above questions would help educators decide on the proper actions to take
and the strategies to implement in order to ensure the continuous improvement of the student
learning experience, and the achievement of the intended learning outcomes.

This paper introduces a simple process for effectively assessing the intended program
learning outcomes using assessment data collected at the course level. The process takes
advantages of the assessment instruments used regularly by course instructors to assess their
students in the classroom. This would help the program collect effective assessment data,
while reducing the assessment load and not overwhelming faculty with extra assessment
tasks. The remaining of the paper is organized as follows: Outcome-based teaching mode and
its alignment maps are introduced in Section 2. The proposed PLO assessment method using
the calculated CLOs assessment results is introduced in Section 3, followed by discussion
remarks in Section 4.

2. Alignment Maps in Outcomes-Based Curriculum

Designing a program that addresses the above challenges starts by a careful definition of the
intended program learning outcomes (PLOs) that describe the knowledge, skills, and
competencies the students should have or be able to demonstrate upon the successful
completion of the program requirements. The defined outcomes should provide students with
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competencies and skills that are current and relevant to the 21% century competitive job
market. They should be also aligned with the program and the college goals/objectives.

Abate et al. (2003) consider the development of PLOs as the foundation of building an
outcomes-based curriculum. Once the PLOs are defined and approved, curriculum and
learning strategies are developed to support their achievement. As such, the curriculum
development is student centric and guided by what the student will be able to do at the end
of each module rather than simply using modules content and subject areas as the guidelines
(Thomas et al., 2015). Developed curricula should demonstrate through curriculum
alignment that offered courses, learning activities, and assessment methods provide students
with enough opportunities to achieve the intended PLOs at the introductory, developed, and
mastery levels.

Curriculum alignment is an essential element of the curriculum development as it assures that
the students have different opportunities to achieve the intended outcomes by graduation. It
is also used to identify curriculum gaps and redundancy and to ensure that that appropriate
assessment tools are used to assess each outcome. At the top level, a curriculum map is
used to show how the offered courses contribute to the achievement of each
PLO. This map is important as it clearly identify where PLOs are weakly, appropriately,
or excessively covered by the offered curriculum. If a weak coverage is identified for a PLO
(i.e., curriculum gap), the offered curriculum must be reconsidered to enhance its coverage.

Since each course could contribute to several PLOs at different levels, a second and more
detailed map is needed to show how the alignment between the course learning outcomes
(CLOs) and the PLOs. The CLOs must contribute to the achievement of the program
PLOs, while each course does that to a different degree and in a different way. Thus,
individual courses serve different purposes, and it is the collective learning across
all courses that enables the student to achieve the overall PLOs. Extra caution is paid
to the alignment of the CLO blooms taxonomy cognitive level with the PLO proficiency
level.

In addition to the above two alignment maps, another map is needed to align the course
topical outlines (CTOs) with the CLOs. This map is essential to assure that the offered topics
are aligned with the blooms taxonomy cognitive level specified by the CLO. It is also
important for closing the assessment loop, as it can be used to accurately identify the topics
contributing to a specific CLO. Hence, allows course coordinators to design effective
remedial actions targeting the areas of weaknesses. Each CLO must be covered by at least
one CTO.
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3. Assess PLOs Using CLOs Assessment Data

Since quality and excellence in education are important to all aspects of society, focus has
been placed upon the assessment strategies to assure that programs are continuously
improving and accomplishing their missions. Programs are expected to assess the defined
outcomes regularly through a periodic assessment plan (Huba & Freed, 1999; Kuh & Ewell,
2010). The aim of the assessment plan is to provide programs with the required evidence for
making informed changes in the curriculum to improve student performance. During each
cycle, multiple assessment tools are used to measure the students’ attainment of the intended
outcomes at the end of the learning module. The collected assessment data are analyzed and
compared against predefined targets to determine which outcomes the students have attained
and which ones need improvement. Remedial actions are then recommended to address any
revealed deficiencies, and the assessment loop is closed after the recommended remedial
actions are implemented, and their impact are measured. To ensure the effectiveness of the
assessment plan, another map is used to align the assessment instruments selected by the
program with the each CLO and PLO

The first step in the assessment plan is to identify the most appropriate assessment methods
that will be used to assess each outcome. An appropriate assessment method should be able
to measure the competency addressed by the outcome effectively and accurately. It is
essential that the selected assessment tool and the outcome belong to the same blooms
taxonomy level. For instance, Blooms Taxonomy level one questions such as describe or
explain are inappropriate to assess a higher cognitive level such as analysis, or design.

To streamline the assessment process at the course and program level, an online learning
outcomes management system has been recently developed and deployed at (removed for
blind review). The system provides programs with a user-friendly interface to build the
different alignment maps mentioned above. Faculty use the system throughout the academic
semester to submit the assessment data collected using regular course level assessment tools
(e.g., tests, quizzes, projects, etc.). Once the assessment data for of tool ¢ is submitted for
CLO ‘¢’, the system calculate the attainment level (4;.) as the percentage of students scored
> the, where th. is the predefined attainment threshold for tool 7. If multiple tools are used to
assess the same CLO, the system allows the course instructor to assign a weight (W) for
each ‘¢” when used to assess CLO ‘c’. By the end of the semester, the system calculates the
attainment result for CLO ‘¢’ as:
Lt Ar,cXWic
Ae= e O

If multiple sections are offered for a given course, after calculating the achievement score of
each section, the system advances the status of the course workflow to “calculate the course
assessment score” and calculates the overall attainment score of the CLO as
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Ac — YsAcsXng (2)

Ysns

The system also uses the CLO attainment results regularly calculated at the end of each
semester as a direct assessment tool to calculate the PLOs attainment level. Out of the list of
courses aligned with a PLO, the system identifies the courses aligned at the mastery level.
The CLOs/PLOS alignment map is then used to identify the CLOs of the mastery level
courses aligned with the PLO. The attainment results of the identified CLOs are then
aggregated using a weighted average formula to calculate the attainment result for the PLO.

A _ ZcAc XnexXWe
p,CLO YenexWe

A3)

Where 7. is the number of students measured for CLO ‘c’, and W. is the weight assigned to
the CLO. The system allows the program to assign different weights to different CLOs, as
some CLOs might contribute by different weights to the attainment of the PLOs. This weight
is part of CLOS/PLOS alignment map. The PLO attainment results are analyzed by
comparing the calculated attainment results with target attainment threshold, and the
attainment results calculated by other tools such as graduation projects, capstone courses.

4. Discussion

The learning outcomes assessment system was deployed starting Fall 2018. It has been used
since then to streamline the assessment processes at the course and program level. Table 1
shows the assessment statistics for the 2020-2021 academic year. It shows that 11960 CLOs
are defined in the system for 2415 active courses. While 626 PLOs are defined for 90
academic programs. Out of the 11960 CLOs, 4509 are aligned with 546 PLOs. The 148
unaligned With regard to the assessment efforts in AY2021, out of the 1678 courses selected
for assessment, 1535 courses were assessed successfully (91.5%). In terms of CLOs, 7428
CLOs where assessed out of the planned 7950 CLOs. Figure 1 shows the CLO assessment
statistics for the last five semesters. It shows a steady increase in the number of percentage
of assessed CLOs each semester. Out of the 5778 CLOs offered in Fall 2021, 5539 were
assessed successfully (96%)

At the program level, 322 PLOs were planned for assessment, out of which 297 were assessed
successfully (92%). Out of the 297 assessed PLOs, CLO assessment results were used to

Table 1. Assessment Statistics for 2020-2021 Academic Year

PLOs Aligned PLOs  Course CLOs Aligned CLOs

Active 626 599 2415 11960 4509
Planned 322 296 1678 7950 2170
Assessed 297 284 1535 7428 2063
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assess 284 PLOs. CLOs assessment results were the only assessment tool used to assess 163
out of the 297 assessed PLOs, while other assessment tools (e.g., capstone, graduation
projects, internship experience, and exit exams) were used to assess 134 PLOs.

Although programs are strongly encouraged to utilize multiple tools to assess PLOs, the
above statistics show clearly that more than 54% of the programs still rely on the assessment
results collected at the course level as the only tool for PLO assessment. This is meanly
because some programs are still not clear on how to utilize the extremely useful data collected
from capstone courses, graduation projects, and internship experience for PLO assessment.
To overcome this issue, starting the 2021-2022 academic year, a new feature was added to
the learning outcomes assessment management system that allows programs to define
assessment rubrics for individual PLOs and embed them at the course level. At the beginning
of each semester, each program decides on the rubrics to be uses, and selects the courses
where the data for the rubric will be collected. The course instructor is required to evaluate
his/her students based on the provided rubric and submit the data to the system.
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Abstract

This systematic review synthesizes research on strategies used to promote
cognitive presence in online courses to identify trends from two decades (2000
to 2020) of scholarship. From initial search of 181 studies, a total of 14 articles
published in peer-reviewed journals were reviewed. Results show that all of
the studies were carried out in higher education with majority in the United
States within the field of Education. Case-based and debate strategies were
used the most to promote cognitive presence followed by structured, problem-
based, and roles. For the patterns of students’ cognitive presence, the majority
of student discussions fell into exploration and integration phases with a small
percentage within triggering and resolution phases. The study concludes that
instructional strategies combined with effective instructional design elements
can help learners engage in purposeful collaborative inquiry while
progressing through all four phases of cognitive presence to achieve higher
level learning outcomes.
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1. Introduction

Cognitive presence is defined as “the extent to which learners are able to construct and
confirm meaning through sustained reflection and discourse” (Garrison et al., 2001, p. 11). It
is the core element of the Community of Inquiry (Col) framework that guides the design and
implementation of online learning environments through a social-constructivist approach to
learning (Garrison, 2017). Col assumes that learning occurs at the intersection of the three
presences—social presence, teaching presence, and cognitive presence (Garrison et al., 2001).
Cognitive presence represents the means to support and maintain a purposeful learning
community (Garrison, 2017). It is operationalized through the Practical Inquiry Model (PIM)
based on phases of Dewey’s (1933) reflective thinking and a collaborative inquiry process
(Garrison et al., 2001). The PIM provides practical ways to evaluate the nature and quality of
critical reflection and discourse in a community of inquiry through following (Garrison,
2017) following four phases: (1) Triggering: Identifying a problem or an issue through
initiating the inquiry process; (2) Exploration: Searching for relevant information and
offering explanation; (3) Integration: Interpreting and constructing possible solution to make
decisions; (4) Resolution: Providing or defending potential solutions by means of practical
applications.

According to Garrison (2017), “much research is needed to fully appreciate the inquiry
process (cognitive presence) that occurs in a shared learning environment.” Given that
scholars have explored a variety of strategies to establish cognitive presence and to achieve
higher-level learning (Chen et al., 2019; Olesova et al., 2016; Sadaf & Olesova, 2017), a
synthesis review of effective strategies in order for instructors to make well informed
decisions based on research-based practices is vitally needed (Sadaf, et al., 2021). While there
are a few systematic reviews conducted on critical thinking and discussion strategies in
general, there are no systematic reviews on the strategies to promote cognitive presence in
online courses. Therefore, the purpose of this review is to gain deeper understanding of the
current research by reviewing recent articles published between 2000 and 2020. Following
questions guided our study:

What are the characteristics of the reviewed studies?

2. What are the patterns of students’ cognitive presence phases in the reviewed
studies?

3. What instructional strategies are used to promote cognitive presence in online
courses?

4. What guidelines exist in the literature with regards to the strategies that promote
cognitive presence in online learning?
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2. Methods

We used the five-step systematic review process described in the U.S. Department of
Education, Institute of Education Sciences, What Works Clearinghouse Procedures and
Standards Handbook, Version 4.0 (2017). The five steps included (a) developing the review
protocol, (b) identifying relevant literature, (c) screening studies, (d) reviewing articles, and
(e) reporting findings.

2.1. Data Sources and Search Strategies

Five databases were searched using the search terms “Cognitive Presence” and “Online
learning” for published articles between the years 2000 to 2020 using both the Title, Keyword
and Abstract search function. The five databases searched included Academic Search
Complete, ERIC Library, Information Science & Technology, PsycINFO and Science Direct.
From the initial search, 181 articles resulted. These articles were screened both at the title
level, abstract level, and full text level based on the inclusion and exclusion criteria. This
resulted in 14 articles which were coded for the systematic review.

2.2. Inclusion and Exclusion Criteria

To be included in this systematic review, each study met the following screening criteria:
Focus of the article (Cognitive Presence and Online Learning), publication date (2000 to
2020), publication type (original research from peer reviewed journals), research method
(both quantitative and qualitative methods including an identifiable methods section and
presentation of results), language (journal article was written in English) and focus on
instructional strategies used to promote cognitive presence. A research study was excluded if
it did not meet one or more of the criteria to be included.

2.3. Data Coding and Analysis

A review protocol for coding was developed in Microsoft Excel. Items were coded for article
description, research design, data collection methods, data analysis methods, research topic
focus, and cognitive presence phase included in the review protocol. Two graduate students
reviewed and coded each of the articles independently, and then the first author verified the
codes. Consensus was reached by resolving any disagreements over discussions. Descriptive
statistics were generated to show the patterns and frequency of the variables of interest.
Narrative data for research focus and instructional strategy were analyzed using content
analysis to identify categorical themes.
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3. Results

3.1. Characteristics of Reviewed Studies

The educational setting for all 14 studies was higher education. Most of the studies were
conducted in the United States (n=8, 57.1%), two in Canada, and one each in Australia,
Netherlands, Spain, and one in both UK and Hongkong. Education was the most common
subject (n=7, 50%), followed by two each in Engineering, Health, Human Sciences, and one
in multiple subjects. The participants in six of the studies were undergraduate students, six
were graduate students, and two included both undergraduate and graduate. Most studies
(n=9, 64.3%) used quantitative research design. All 14 studies used online discussion
transcripts as the data collection method and content analysis of discussion to analyze data.

3.2. Patterns of Students’ Cognitive Presence

Overall, the majority of the studies categorized students’ posts as exploration (42%) and
integration (31%), with smaller percentages as triggering (15%) and resolution (8%). Six
studies coded messages that did not fit any of the four phases of cognitive presence as “other.”
Most of the studies placed the majority of student posts in the exploration, three studies
finding the most messages in the integration phase, and only one study classified the majority
of student posts in the triggering phase.

Table 1. Percentage Distribution of Cognitive Presence Phases in Studies

Authors Main Strategy Sub-Strategies T E I R O

Chen et al., 2019 Peer Facilitation Guided 11 54 29 1 5

Darabi et al., 2011 Multiple Strategies ~ Case-based, structured, 6 42 41 10
scaffolding, debate, roles

de Leng et al., 2009 Problem-based PIM Structured 16 41 27 8 8

Gasevic¢ et al., 2015 Roles Scaffolding 18 39 29 6 8

Gibbs, 2006 Multiple Strategies  Debate, Invited expert 31 33 28 2 6

Kanuka et al., 2007 Multiple Strategies  Debate, Invited expert, 11 53 26 10
problem-based, reflection,
WebQuest

Morueta et al., 2016 Multiple Strategies ~ Case-based, WebQuest, 21 52 26 1
conventional

Oh etal., 2018 Peer & Instructor Case-based, debate - - - -

Facilitation

Olesova et al., 2016 Roles debate, case-based, 2 22 74 2
reflection, problem-based

Oriogun & Cave, 2008  Problem-based Roles 23 21 17 19 20

Redmond, 2014 Reflection 3 49 15 33

Richardson & Ice, Multiple Strategies  Case-based, debate, - - - -

2010 conventional

Sadaf & Olesova, 2017  Case-Based PIM Structured 17 51 28 4

Wang & Chen, 2008 Multiple Strategies ~ PIM Structured, peer 22 41 31 O 6
facilitation

Mean 15 42 31 8
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3.3. Instructional Strategies

The most commonly used strategies to facilitate cognitive presence were case-based
strategies (n = 6) and debate (n = 6). These were followed by the PIM structured, problem-
based strategies, and roles. Among the less researched instructional strategies were
conventional, scaffolding, and inquiry-based represented (see Table 2).

Table 2. Instructional Strategies Used in Cognitive Presence Studies (n=14)

Instructional strategies #  Studies

Case-based 6  Oh et al. (2018), Sadaf & Olesova (2017), Olesova et al. (2016),
Morueta et al. (2016), Darabi et al. (2011), Richardson & Ice (2010)

Debate 6  Ohetal. (2018), Olesova et al. (2016), Darabi et al. (2011), Richardson
& Ice (2010), Kanuka et al. (2007), Gibbs (2006)

PIM structured 4 Sadaf & Olesova (2017), Darabi et al. (2011), de Leng et al. (2009),
Wang & Chen (2008)

Problem-based 4 Olesova et al. (2016), de Leng et al. (2009), Oriogun & Cave (2008),
Kanuka et al. (2007)

Roles 4 Olesova et al. (2016), Gasevi¢ et al. (2015), Darabi et al. (2011),
Oriogun & Cave (2008)

Peer facilitation 3 Chenetal. (2019), Oh et al. (2018), Wang & Chen (2008)
Reflection 3 Olesova et al. (2016), Redmond (2014), Kanuka et al. (2007)
Conventional 2 Morueta et al. (2016), Richardson & Ice (2010)

Invited expert 2 Kanuka et al. (2007), Gibbs (2007)

Scaffolding 2 Gasevi¢ et al. (2015), Darabi et al. (2011)

WebQuest 2 Morueta et al. (2016), Kanuka et al. (2007)

3.4. Guidelines

There is considerable agreement among the articles surveyed on guidelines and best practices
for facilitating cognitive presence in online learning (see table 3). Half of the studies
recommended that tasks for the strategies should be structured and designed to intentionally
guide students through the phases of cognitive presence. Others suggested to provide open-
ended strategies, assign roles within discussion, provide additional scaffolding, and design
questions that promote progression through the phases of cognitive presence.
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Table 3. Guidelines for promoting cognitive presence in online courses

Guidelines and implications # Studies
Design tasks to intentionally guide students 8 Ohetal. (2018), Sadaf & Olesova (2017), Olesova
through the phases of cognitive presence et al. (2016), Morueta et al. (2016), Redmond

(2014), Darabi et al. (2011), Oriogun & Cave
(2008), Kanuka et al. (2007)
Provide open-ended strategies conducive for 3 Morueta et al. (2016), Wang & Chen (2008), Gibbs

a high level of cognitive presence (2006)

Assign roles with clear guidelines within 3 Olesova et al. (2016), Gasevi¢ et al. (2015), Kanuka
discussion et al. (2007)

Provide additional scaffolding to help 4 Olesova et al. (2016), Darabi et al. (2011),

learners achieve the next level Richardson & Ice (2010), Gasevi¢ et al. (2015)
Design initial discussion questions that 3 Sadaf & Olesova (2017), Olesova et al. (2016),
promote progression through stages of Richardson & Ice (2010)

cognitive presence
Provide pre-structured threads to guide the 3 Sadaf & Olesova (2017), Darabi et al. (2011),
learner within the model of practical inquiry Wang & Chen (2008)

4. Discussion and implications

This systematic review revealed several interesting trends regarding the empirical research
on the strategies to promote cognitive presence in online learning published between 2000
through 2020. Results revealed that all of the studies were conducted in higher education and
almost half of them within the United States. Among four disciplines, a majority of the studies
were conducted in Education. This suggests the need to expand research on in other countries
and in a variety of disciplines.

In terms of research methodology, quantitative research methods were used the most with
discussion transcripts as the main data source and content analysis as the data analysis
method. This corresponds previous systematic reviews on cognitive presence in online
learning (Sadaf et al., 2021). Less use of mixed-methods and qualitative research methods
points to the need to conduct more research using both mixed-methods and qualitative
methods that can help accurately understand strategies to promote cognitive presence in
different learning modes.

This review shows that the majority of cognitive presence messages fell into exploration and
integration phases with a small percentage within triggering and resolution phases. A possible
explanation is that the level of cognitive presence achieved is associated with the learning
objectives of the strategies. Scholars have concluded that instructional strategies must be
employed to allow learners to collaborate in a meaningful critical discourse helping them
attain higher-level cognitive presence (Garrison, 2017; Sadaf & Olesova, 2017).
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Analysis of the 14 studies revealed that different instructional strategies had different learning

outcome in terms to cognitive presence phases. For example, the PIM structured strategy used
in Sadaf & Olesova’s study reached resolution phase and Darabi et al., (2011) did not. Sadaf
& Olesova concluded that students reaching resolution phase was due to that the nature of

the task and the wording of the discussion questions. This shows the importance of other

elements of design in addition to just using an instructional strategy.

The following six key themes of guidelines emerged from this systematic review that may

have implications for developing cognitive presence in online discussions:

1.

Task design and structure of the discussion play the most critical role in promoting higher
levels of cognitive presence. Structure provided in the early stages of discussion
activities can transition to more open activities later on, since the less structured the
learning task, the more interaction and cohesion will occur (Morueta et al., 2016).

Use open-ended strategies with tasks that are conducive for a high level of cognitive
presence are important. For example, case-based and inquiry-based discussion tasks lead
to greater cognitive participation (Moruetta et al., 2016; Sadaf & Olesova, 2017).
Assign roles for students within an online discussion to raise levels of cognitive presence
among learners (Gasevic et al., 2015; Olesova et al., 2016). Scripted roles in discussions
can improve cognitive presence, in particular guiding students through the integration
phase with intentional question design (Olesova et al., 2016), and highly structured,
planned, confrontational activities (Kanuka et al., 2007).

Provide scaffolding to help learners achieve the next level of cognitive presence. The
instructor’s role as a facilitator of discourse among students includes moderating and
shaping the direction of the discourse by modeling appropriate contributions and
challenging students’ ideas (Garrison & Cleveland-Innes, 2005), monitoring the
discussion process and intervening when necessary (Wang & Chen, 2008), and guiding
learners in the process of knowledge building (Morueta et al., 2016).

Design discussion questions with the specific intent of guiding students through the
phases of cognitive presence (Olesova et al., 2016; Sadaf & Olesova, 2017). For
example, explicitly asking students to provide a rationale for their solutions or giving
them an authentic task such as a case to solve followed by the PIM questions can promote
cognitive presence in online discussions (Sadaf & Olesova, 2017).

Design pre-structured threads to guide the learner to achieve progression through the
phases of cognitive presence (Darabi et al., 2011; Wang & Chen, 2008). The instructor
should provide pre-structured threads based on the model of practical inquiry to guide
the learner starting with triggering events leading the discussion towards integration and
resolution (Darabi et al., 2011; Sadaf & Olesova, 2017).
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improvement of a certain type of skill critical for success in business
management: negotiation skill. We then proceed to provide evidence of the
effectiveness of our framework, with data from a large public university’s
business program. We examined the performance of negotiators in dyads on
negotiation exercises. Results indicate that the framework we used for training
was associated with “getting to yes,” as well as the quality of negotiated
agreements, when comparing a randomly selected sample of trained business
student dyads with a separate, comparable sample of dyads without formal
training.

Keywords: Negotiation, training; business students, integrative behavior.

This work is licensed under a Creative Commons License CC BY-NC-ND 4.0

Editorial Universitat Politécnica de Valéncia 75



Acquisition and Improvement of Negotiation Skills

1. Introduction

Negotiation has been defined as a process in which two or more parties seek agreement on
what each shall give to, and take from, the other (Rubin & Brown, 1975). Done well, the
process can lead to high-quality agreements and positive relations. Done poorly, low quality
agreements result, and relationships suffer. Fisher and Ury (1981) claimed that too often
negotiators arrive at less-than optimal agreements, damage relationships, and create barriers
to working together successfully. They advocated for a “win-win” negotiating approach in
which the parties sought to uncover the true interests (rather than stated positions) of each
other, and creatively devise options in which both could satisfy true interests (rather than
seeking to divide a “fixed pie’). Barry & Friedman (1998: 348) defined integrative bargaining
situations as “non-zero sum encounters in which there is the possibility for joint gain from
the negotiation.” In other words, integrative or “win-win” bargaining allows negotiators to
increase the size of the pie by generating alternatives that satisfy the underlying interests of
the two parties. Alternatively, distributive bargaining is characterized by attempts by one or
both parties to capture value under the assumption that the total to be gained is zero-sum,;
what one party gains, the other party must give up. In practice, business educators have
learned, training students to seek to increase the size of the pie so that all get more — rather
than try to get the biggest piece of a smaller pie — is a challenge in business schools.

2. Training Framework

While numerous approaches have been developed to teach negotiation skills (lectures, case
studies, observation of others, videos, etc.), one useful technique is the role-playing exercise.
Exercises serve at least three purposes: 1) they reveal students’ naive theories of negotiation,
which can later be contrasted with evidence from the research and the experiences of experts;
2) they provide an opportunity to practice new skills; and 3) they illustrate the application of
underlying principles and themes. We developed 3 negotiation exercises that incorporate
some distributive and some integrative aspects. The exercises permit the generation of
creative alternatives that potentially satisfy both parties’ underlying interests, allowing for a
win-win deal. Moreover, they permit crafting solutions that meet one party’s needs at low
cost to the other. The goals of our training were for students to acquire and/or improve
negotiation skills, particularly in integrative bargaining situations. Evidence of learning
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should be found in (1) the number of students who actually arrived at a negotiated agreement
in situation where integrative bargaining is possible, and (2) the quality of those agreements.

2.1. Step 1

Step 1 involved students completing a conflict management preference questionnaire and two
personality self-assessments. At this point, students were not provided with any feedback.

2.2, Step 2

Step 2 placed students in dyads to negotiate with only minimal instructions, using the “Sasha
Greatvoice” exercise (all exercises and surveys are available from the authors upon request).
The “Sasha Greatvoice” exercise provides an opportunity to generate joint gains: an opera
singer who is experimenting with a new sound and an empty calendar negotiates with the
manager of a newly opened, small opera house with a very small budget.

2.3. Step 3

Upon completion of the timed (17-minute) exercise, students indicated if they had come to
an agreement, and if so, jotted down a “Statement of Negotiated Agreement” and initialed it.

2.4. Step 4

Students individually and confidentially indicated their satisfaction with the results of the
exercise, rated their own and the other party’s style as exhibited in the negotiation, and
assessed the other party’s behavior. (Rating forms available from the authors upon request.)

2.5.8tep 5

The instructors then debriefed the exercise, and introduced the first principles of negotiation.
Considerable class time was spent on the debriefing. Reilly (2005) described a debriefing of
an emotionally-charged negotiation exercise with students. While a PowerPoint presentation
with the professor’s suggestions might serve to convey information about how one establishes
rapport in negotiation, Reilly found that real learning occurred when, in the debriefing,
students described “the specific behaviors [ ...that] led to the creation of a safe, rapport-filled
environment where all information could be shared” (Reilly, 2005: 306).

In the debriefing, students reported to the class how the process went and what (if anything)
they had agreed, and answered follow-up questions. The instructors’ role was to use the
students’ experiences to introduce principles of negotiation to the class. In this debriefing,
students learned what deals other dyads had reached, and sometimes concluded that their
agreements were poor compared to others.” Typically, the debriefing emphasized bargaining
over interests, not positions, and looking for creative ways to increase the potential area of
agreement, rather than focusing exclusively on price. Dyads who had focused primarily on
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money for a certain number of concerts became aware that they may have missed
opportunities for joint gains through creative thinking, when compared with what other dyads
had achieved. Following the debriefing, to exemplify how price obsession can get in the way
of a quality agreement, instructors played a YouTube video with a Jaguar commercial
featuring the artist Sting singing “Desert Rose.” Reportedly, Sting agreed to do the
commercial for no fee in order to boost sales of his music, a new sound poorly received,
initially, by the market.

2.6. Step 6

Student teams prepared and delivered a presentation on one of six persuasion techniques: (1)
Appeal to Authority, (2) Reciprocity, (3) Social Validation, (4) Liking, (5) Need for
Consistency, and (6) Scarcity (Cialdini, 2001). This step had a dual purpose: developing
team presentation skills, and acquiring knowledge of techniques that could be useful in
negotiation.

2.7. Step 7

Instructors gave a lecture on conflict management preferences, accompanied by a handout to
each student with his/her scores on each of five styles: competing, compromising, avoiding,
accommodating, and collaborating (Thomas, 1976). Students’ scores were compared with
percentile scores from our database of nearly 7,000 business students, a comparison with
mean scores from the student’s country of origin, and a team conflict profile with data from
all team members. Students were asked to reflect upon their results, and consider whether —
and under what circumstances — their preference for dealing with conflict would facilitate or
hinder negotiating. Shell (2001: 156) remarked: “Knowledge of bargaining styles is critical
to negotiation success and ought to occupy a central place in negotiation training. Such
knowledge helps student gain perspective on their own actions, interpret others’ behavior,
and use feedback more constructively.”

2.8. Step 8

We assigned practitioner-friendly readings on negotiation which students completed prior to
the next class.

2.9. Step 9

We lectured on principles of win-win negotiations, including: (a) establishing a goal for the
negotiation; (b) determining one’s BATNA (Best Alternative to the Negotiated Agreement)
and estimating the other side’s BATNA; (c¢) focusing on underlying interests, not positions;
(d) being creative so as to generate options for mutual gain, that is, increasing the size of the
pie; (e) using objective criteria, standards and benchmarks; (f) staying rationally focused on
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the issue; (g) not making price the sole or primary content of the negotiation; (h) listening
actively and asking many questions; etc.

2.10. Step 10

We put students in a new dyad for a second exercise: “Standard Airlines and Superior
Aviation,” which allowed for joint gains and avoiding a lawsuit over a trademark violation
in a dispute between Southwest Airlines and Stevens Aviation.

2.11. Steps 11, 12, and 13

The next steps were identical to steps 3, 4, and 5 respectively. In the post-exercise debriefing,
the instructors attempted to reinforce principles of win-win negotiations in response to the
students’ agreements. The debriefing was followed by the short YouTube video “Malice in
Dallas,” in which the CEOs of Southwest Airlines and Stevens Aviation arm-wrestled to
settle a trademark dispute, a humorous way to emphasize that creative solutions can be found
to meet underlying interests and create joint gain, and once again to emphasize that price does
not have to be the primary content of a negotiation.

2.12. Step 14

New dyads were formed for the third negotiation exercise, “Urban Fire Department.” In this
exercise, the fire chief negotiates a pay increase with a recently promoted rising star, who
happens to be a member of an under-represented group. Both parties are interested in
increasing the diversity of the fire department, but may want to go about it in different ways.
The introduction of a third exercise was done to allow students to improve skills in integrative
bargaining. Thompson (1990) found that as negotiators completed more transactions, they
reached more integrative agreements.

2.13. Steps 15, 16, and 17

The final steps in our training framework were parallel to Steps 3, 4, and 5 respectively. The
three debriefing sessions (Steps 5, 13, and 17) were likely when the most learning occurred.
Nadler et al. (2003: 537) found that experience alone is insufficient: “Contrary to popular
intuition, simply having experience — in the absence of information revelation, principles,
observation, or drawing analogies to other cases — is largely ineffective.”

3. Method

We randomly assigned 168 business students in the same program to either a training or a
no-training group (84 students each). Chi-square and t-tests of differences detected no
significant differences between the groups on gender composition, age, level of education,
grade point average, and country of origin. We therefore had 42 dyads each for the first (pre-
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training), second (post-training), and third negotiation exercises. We examined the
effectiveness of the training framework by looking at the data from the second exercise.
Although the data from the third exercise revealed similar results to the second exercise, we
have excluded these data from the present paper.

Agreement was reported by dyads in the “Statement of Negotiated Agreement” form.
Satisfaction was calculated as the average of the dyad members’ ratings on a single item,
“How satisfied were you with the outcomes of the negotiation?” The quality of agreement
was determined by three independent raters looking at the “Statement.” Raters were
consistent: ADwmq) ranged from 0 to 1 (M= 0.26) (Burke & Dunlap, 2002), and r*wg) scores
ranged from 0.71 to 0.96 (M=0.87), above the 0.7 suggested by Biemann et al. (2012).

4. Evidence of Effectiveness

We were interested in three potential outcomes. The first outcome was the percentage of
dyads who got to an agreement in the time allotted, and the degree to which both parties were
satisfied with the agreement reached. Pre-test (Exercise 1, Experimental group) to post-test
(Exercise 2, Experimental group) revealed significant increases in the percentage of students
who arrived at a deal as well as the quality of the agreements reached. Nonetheless, in order
to examine the effectiveness of our framework, we needed to compare the results of the
Experimental group after training (Exercise 2) with the Control group that had not undergone
training but had some experience (also Exercise 2). We expected that training would enhance
the quality of the negotiated agreements. We defined high-quality agreements as being
characterized by four aspects. First, high-quality agreements include creative, non-standard
ways to meet the interests of the parties and allow for or joint gains. Second, high-quality
agreements fully meet the underlying interests of both parties (rather than being one-sided).
Third, while the commercial transaction (price for a service) should be covered, it would not
be the sole or dominant aspect of the deal. Fourth, high-quality agreements are practical,
realistic, and easy to monitor compliance.

4.1. Agreement

We found that 32 dyads (76%) achieved a negotiated agreement in the control group while
40 (95%) did so in the experimental group for the second exercise. The Chi-square test
reviewed a significant difference between the two groups (Xzz(l, N =82 = 622, p = .013).
Because agreement is a dichotomous categorical variable, we used logistic regression to
calculate the odds of reaching agreement given training, controlling for average age of the
dyad, age gap between negotiators, same country, and same sex. Training correctly predicted
88.3% of agreement with a significant effect (Cox and Snell R? =.199, p = .004; Biraining=2.53,
p =.005). Compared to those without training, dyads with training were 25% more likely to
reach agreement.
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4.2. Satisfaction

Using a one-tailed t-test, we found that dyad satisfaction with the negotiation was
significantly higher in the experimental group (M= 4.10, SD=.906) than in the control group;
ts2=1.75, p =.042. However, when controlling for age, age gap, same country, and same
gender, we failed to find that training predicted satisfaction. Although the change in R? of .07
was significant (p = .020), the equation with training and the control variables overall did not
predict satisfaction (R? = .14, F(s,71y= 2.22, p = .061; B training =27, p = .020).

Quality of Negotiated Agreements. We tested whether or not the quality of the agreements
could be attributed to the training. Independent-samples t-test were conducted to compare
the quality of agreements in the control and experimental groups. We found significant
differences in the scores for Creativity (Exp.M =2.86, SD=.980; Contr.M =1.96, SD=.994;
t70y=3.84, p <.001), Win-Win (Exp.M=2.83, SD=1.004; Contr.M=2.17, SD=.973, t70=2.78,
p = .007); Price Prominence (Exp.M =3.35, SD=1.150; Contr.M=2.18, SD=.958; t(70) = 4.63,
p < .001), Practicality (Exp.M =2.75, SD=1.032; Contr.M=1.89, SD=.870; #70=3.78, p <
.001), and Overall Quality (Exp.M =11.79, SD=3.559; Contr.M=8.20, SD=3.195; t70=4.45,
p <.001). These results indicated that training explained the difference in the quality of the
negotiated agreement as we measured it.

We controlled for alternative explanations with multiple regression tests of the effect of
training on quality controlling for average age, age gap, same country, and same gender.
Training explained differences in 3 of the 4 measures of quality, as well as overall quality.
Training predicted Overall Quality (R? = .26, Fs, 59y =4.16, p = .003.; Biraining = .51, p <.001),
Creativity (R? = .23, F(s, 59y = 3.55, p = .007; Buraining = .48, p < .001), Price Prominence (R?
=27, F(s, 59) = 442, p= .002.; Bmining = .523, p< .000) and Practicality (R2 =.18, F(5, 59) =
2.64, p =.032.; Biraining = 434, p = .001), but not Win-win scores.

5. Conclusion

This paper describes an approach to facilitating the learning of negotiation skills by business
students. We provide evidence that our training framework helped student dyads “get to yes”
and achieve high-quality agreements. Agreements after training, as rated by our judges, were
of significantly higher quality overall and for three of four measures: Creativity, Price
prominence, and Practicality. It was not established that training explained improvement in
Win-win outcomes (one measure of quality), nor in students’ satisfaction with results. We
interpret that to mean that our framework facilitated students’ improvement in three of the
aspects of quality we measured, but not in avoiding lopsided agreements wherein one party
got a better deal than the other. Additional practice, feedback, and reflection may have been
needed to transfer principles learned in one context to another context in order to improve
“Win-win” outcomes. Moreover, in order to reach a win-win outcome, both parties may need

81



Acquisition and Improvement of Negotiation Skills

to frame the situation as one with integrative potential; if one or both negotiators characterize
the situation as distributive, a win-win solution will not likely be reached.

In the debriefing, students were able to hear what other dyads had achieved and compare
others’ results to their own. Dyads who were obsessed with tangibles (price for services),
learned that some colleagues had managed to go beyond price and meet both parties’ interests.
Dyads who saw that other classmates had generated more options thus “expanded the pie”
learned that allowing creative ideas into the negotiation can improve the outcome. Dyads
who arrived at agreements that might be difficult to implement and/or monitor compliance
learned to pay more attention to the practicality of their solutions.
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Abstract

Higher Education Institutions (HEI) have a fundamental role in generating
positive social impact in the communities to which they belong. However, it is
necessary to restructure the perspectives with which they are working,
evolving from a rigid and welfare model, to a collaborative and co-creation
one.

This paper aims to explore from theory and practice, how an Institutional
model of social innovation can be designed involving stakeholders in the
process. This will make it possible to realize that the incorporation of co-
creation as a central element in the construction of a model is beneficial for
the communities and generates greater and better results within society.
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1. Introduction

Higher Education Institutions (HEI) are complex systems, with a defined trajectory, and with
a momentum difficult to change. However, changing the current way of interacting with their
communities can ignite a new source of solutions to the most pressing social and ecological
problems. Several international and national level agreements aim to improve the current
relationship between HEI and communities, but it is a space that still requires new models,
intra-innovations and frameworks to materialize the change. This is particularly interesting
and urgent in the Vocational Education Training sector in Latinoamérica, where also the HEI
plays a role of contributing to economic equality, social inclusion and to the continuing
training of the population.

This paper explores the co-creation process of a new educational model to accelerate the co-
creation of solutions to urgent problems of disadvantaged communities in Chile. This model
was co-created during the years 2020 and 2021, in the middle of the COVID-19 pandemic,
which also gives the opportunity to better contextualize the Vocational Education Training
(VET) and its role in society after this global crisis. Together with presenting the process
behind the emergence of this model, the paper discusses the main threats and challenges that
an approach like this can present. Perhaps a comprehensive understanding of new education
models in the VET sector in the continent can help HEI to improve the strategies to help the
society to be better prepared to the increasing threats related to climate change, democracy
deterioration and economic inequality.

2. Context and problem

In 2016, UNESCO presented a strategy for Vocational Training Institutions that supports the
2030 Agenda for Sustainable Development, and which was agreed by the 193 Member States
of the United Nations. Within it is the promotion and guarantee of and inclusive, equitable,
quality education that provides learning opportunities for all people, establishing priority
areas of action: Promotion of youth employment and entrepreneurship, promotion of equality
and the equivalence of genders and and finally facilitate the transition towards sustainable
economies and societies, proposing the key role played by HEI to promote ecological skills
(UNESCO, 2016)

In Chile, the Ministry of Education has the “Strategic Transversal Dimensions in Vocational
Training Institutions”, highlighting different areas of work: Quality, Territorial
Development, Gender equity, Inclusion and Sustainability (Ministry of Education of Chile,
2020)

Similarly, the National Accreditation Commission of Chile (CNA) - a public and autonomous
body whose purpose is to verify and promote the quality of HEI in Chile and their programs
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- presents a “Guide for External Evaluation” in matters of Institutional Accreditation for
Vocational Training Institutions, where content innovation plays the role of updating study
plans. Likewise, from the Public Engagement, all Vocational Training Institutions must take
into account the results and impacts of their programs (CNA, 2022).

Based on the foregoing, Social Innovation (SI) emerges as a response, which has different
definitions but most theorists agree that its main axis is the search for common good, which
protects people already the families of the abuses of all superior instance, of centralization,
bureaucratization, welfare, among others (Martinez, 2015). To do this, Higher Education
Institutions must implement and facilitate the creation of multiple initiatives, catalyzing
learning from different disciplines in the face of the same problem (Gatica, Soto & Vela,
2015). Likewise, it is interesting to observe how social innovation initiatives have been
organized in the form of laboratories or centers of social change within HEI. In this sense, in
2009, at the World Conference on Higher Education (WCHE), a call was made to contribute
to the equitable development of universities through innovation and social responsibility
(Martinez, 2015).

However, there are still barriers against institutional innovations, the most important being,
according to Mulgan, Tucker and Sanders (2007): Efficiency (fear that the system will
worsen in the short term), Minds (fear of changing assumptions, values and norms),
Relationships (fear of losing relationships or contacts) and Interest (fear of changing status
or learned mechanisms), the latter being the one most strongly linked to collaborative work
between Institutions and their community. Despite this, there are HEI that wish to contribute
to improving their strategies in order to better and more effectively face the social, economic
and ecological challenges that afflict them.

This is the case of Santo Tomas Institution, in Chile, with 21 branches and more than 80
thousand students (University, Professional Institute and Technical Training Center), which
has an Organization for Public Engagement Direction whose mission is to increase the
contribution of the Institution to the most vulnerable communities in Chile. And that, now,
is open to the emergence of a new policy based on Social Innovation, which is complex and
diversified, and which hopes to open new opportunities for other houses of study, installing
in them models and policies that improve, through cooperation and novelty, the conditions
of the Institution and their environments.

3. Co-creation of a social innovation model that accelerates the social impact of
Vocational Training Institutions

For both Gillwald (2016) and Mulgan (2016), the concept of Social Innovation is linked to
the novelty of a solution to a problem, always looking for new mechanisms that remedy
conflicts, in a better way and with a greater scope than previous solutions. Added to this, SI
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assumes that novelty must change the basic routines of a society, its flows of authority,
resources and belief systems (Westley, Antadze, Riddell, Robinson & Geobey, 2014). A
change reflected by a less vertical and more horizontal work strategy, and where the central
point is co-creation or co-production with all the levels and agents involved in the Institution
(Voorberg, Bekkers, & Tummers, 2014).

Given the definitions of social innovation, the question is then how to install a set of policies,
activities and capacities that support the emergence of more social innovations, and that these
derive in addition to the teaching and innovation work of HEI.

The search for a model, for an educational innovation for social change, should tend to
position all the levels involved as agents of change in the face of the problems that develop
in their environment, thus contributing to their training as human capital and strengthening
their social cohesion (Martinez, 2015). This would generate a reaction, both in their
environment and in the Institution itself, forcing all those involved to adapt to a model of co-
creating solutions to future crises or emergencies. In the case of Vocational Training
Institutions, this model of promoting innovation would accelerate an impact both collectively
and individually: In the first case, the SI would cause different entities within the institutions
to generate the same multidisciplinary solution to a common problem. While, in the second
case, all the professionals involved in the co-creation social innovation model will have the
necessary experience to carry out SI in their respective individual projects.

4. Methodology

Between 2020 and 2021, an information survey was carried out with teachers, administrators
and authorities of the Santo Tomas Institution, with the objective of designing and
implementing a collaborative and co-constructed SI strategy. This stakeholder mapping
consisted of semi-structured interviews with authorities from different institutions
(University of the Basque Country, Universidad Minuto de Dios and Fundacion Colunga),
which have already designed an IS strategy, in order to learn about and use their experience
as a frame of reference in the Santo Tomas Institution. In addition, two exploratory and
diagnostic workshops were held, one with the authorities and teachers of the Santo Tomas
Institution, and the other with its academics and officials. The next step was to ask a series
of questions (open and closed) to different institutional entities to assess their knowledge
about SI. Finally, the implementation of the Strategy was carried out through different
meetings -in order to validate the IS Institutional Strategy and the different products that were
part of it- implementing courses related to IS in the Institution.
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5. Results and findings

Thanks to the co-creative diagnosis process at the Santo Tomads Institution, Social Innovation
was defined as: “The collective search for new solutions aimed at solving social challenges
with special emphasis on improving the quality of life of vulnerable communities. These new
solutions can be a product, a service, a process, a practice or a management model that must
be bidirectional, co-created, measurable and should aspire to generate permanent changes in
society”.

In this way, the definition would be in line with the essential elements in which all IS projects
are framed: Co-creation, this being collective, bidirectional and pointing to the need to work
collaboratively, thus generating multidisciplinary solutions to social challenges and
environmental issues faced by the communities that are related to the Santo Tomas
Institutions. Impact, that is, understanding of how the solutions affect, directly or indirectly,
at a social, environmental and economic level. Novelty, where it is essential to implement
and recognize the most innovative solutions which are also linked to sustainability, where
every project must be lasting and continuous, allowing its model to prevail over time, aspiring
to scale and, ultimately, to change the system in which it is framed.

In the case of the Santo Tomas Technical Training Center (CFTST), its Institutional Strategy
for Social Innovation aimed to strengthen the connection and impact of the institution in the
community. In this way, the implementation of SI as a strategic axis in the CFTST was based
on sustaining a training framework for students, and also a plan for institutional change
towards a culture that promotes co-creation. In this way, the Strategy would successfully
insert itself into the Institution in a permeable manner, that is, it is impacted and has an impact
on its environment, in constant feedback with the community and community partners and in
balance with external requirements.

One of the projects carried out by this Institution around social innovation is "OdontoClean",
a project that aims to generate information of clinical and practical importance for the patient
and their families, and to be able to deliver it to those who have the greatest difficulty in
reaching or get it. In this way, they work co-creatively with these people, generating support
networks to solve the problem and generate a positive impact on the communities.

A Strategy for Institutional Change that would also be supported over time by a Change
Team, in charge of being the interlocutor between institutional policy and work in the
territory. Also having the role of promoting a culture of SI from the spaces that exist within
the institution as well as the creation of new spaces necessary for its operation.
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WHAT DO WE UNDERSTAND BY SOCIAL INNOVATION?
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Figure 1. Institutional model of Social Innovation. Source: Own elaboration based on institutional model.

Within the implementations, different employability skills can be mentioned, through SI, in
all students, teachers and collaborators of the Santo Tomas Institution, which would be
divided into Curricular, Extra or Co-curricular and the Continuing Education program.
Processes measured by indicators of Inputs, Results and Impacts.

In the case of the actions to be followed by the Strategy, these were measures in the short
term (0 to 1 year), medium (1 to 3 years) and long term (3 to 5 years), divided into those
focused on the Training of Students and Linkage and those focused on Institutionalization,
Governance and Operations:

For the Training of Students and Bonding, the short-term actions focused on the introduction
of the re-design and implementation of a class of social innovation called TDP, a. For the
medium term, they focused on the integration and updating of knowledge in IS in all careers.
While for the long term, a definitive inclusion of IS in all careers would be mandatory, thus
consolidating the CFTST as a leading institution in Chile (and/or Latin America) in IS.

At the same time, for the Institutionalization, Governance and Operations group, short-term
actions focused on the formation of the Change Team regarding the Strategy. For the medium
term, work began on the inclusion of other venues in the SI, thus allowing the
multidisciplinary exchange proposed by the Strategy. And finally, for the long term, it would
be expected to generate the first studies on the multidirectional impact between the Strategy,
the Institution, the students and the territory, based on competences in Vocational Training
Institutions in Chile, Times Higher Education Report.
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Although the Strategy generates an impact in the territory by the different institutional actors,
it also trains students so that once they work in their respective disciplines, they can generate
an impact in their own communities. In this way, the Strategy not only produces an impact
in the territory linked to the institution, but also makes it possible for the impact to continue
to grow over the years, transmitting the skills linked to social innovation.

6. Challenges and considerations on replicability

There are a number of challenges that must be considered when carrying out this Strategy. In
the first place, despite the fact that both teachers and authorities were considered throughout
the co-creative process, the students were only surveyed in the Strategy design. For this
reason, it is essential that all sectors of the development process be taken into account,
especially those who will see SI in the classroom or in the projects in which they participate.
Second, because the Santo Tomas Institution has 21 branches throughout the country, the
design of the Strategy must consider the diversity of needs resulting from different territorial
contexts. Since the latter could hinder the consolidation of a single Institutional Strategy.
Thirdly, since the Institution has multiple actors and bureaucratic channels to carry out
changes in its Institutional Strategy, time and spaces must be considered that the Institution
can count on in order to approve and/or review the design, otherwise The Strategy may suffer
from various delays and difficulties.

Regarding replicability, it is necessary to maintain a high project management capacity,
conversation moderation skills and conflict mediation. This will generate networking and
internal and external communication skills, which are in line with intercultural skills and an
entrepreneurial culture that is constantly renewed by feedback. Another consideration is the
validation of the Strategy transversally by the Institution, the management teams, officials
and students. Finally, the Institution must cleanly/legally declare the desire to install an IS
Strategy.

7. Conclusions

The purpose of this exploratory study was to get closer to understanding how the HEI, VET
providers in particular, can co-create new models for fostering its social impact. The paper
presents a model that could be easily replicated in different HEI institutions across
Latinoamerica, taking into account the challenges and notes on replicability shared in the last
section. However, a deeper study on the sustainability of these models is needed, where could
be taken into account how the leading team is able to sustain such a creation over the time.
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Abstract

As follow up to research that identified critical thinking evident in an
undergraduate course on Technology in the Family (Walker & Brown, 2020),
this study explored the role of the social context in critical thinking acquisition
(e.g., Brookfield, 2020). Qualitative analysis of student responses to an end of
semester survey in fall 2021 (n=46) identified the roles of learner relationships
(who, how) as learning influences. A focus group of representative class
students validated and deepened insights from the analysis. Results indicate
how the instructor and teaching assistant created the classroom dynamic of
comfort and trust, small groups encouraged gaining new perspectives, and
personal relationships beyond the class facilitated application and sharing for
deeper understanding. Relationship building offers important dimensions for
student mental health and critical thinking skills in higher education.
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1. Introduction

The acquisition of critical thinking skills that transfer to learners’ personal and professional
lives and that apply to their roles as global citizens is a key value of higher education
(Casigrahi, 2017; Niu, Behar-Horentstein, & Garvan, 2013). Available models guide higher
education instructional designers and educators to provide learning experiences that
challenge existing cognitions and develop competencies for decision-making and social
action (e.g., Davies, 2015).

The use and presence of technology in our 21st century society demands attention to critical
thinking experiences in higher education, including use of personal computing, social media,
access to the Internet and digital devices, learning technologies and digital disparities. The
topic is relevant for critical thinking in higher education — particularly given the near
dependence on distance learning during COVID- through its impact on personal,
professional, and societal application for learners. The use of ICT is ubiquitous in emerging
adults’ lives, in their relationships and family connectivity, across fields of practice, and
impacts society (Bialek & Fry, 2019). Critical thinking and action skills are required to make
intentional decisions about the use of devices amidst a sea of incomplete and changing data,
and contexts that are inconsistent in their technology practices and supports.

Previous research as explored the design and testing of an undergraduate course on families
and technology for building learner critical thinking skills, dispositions, and social actions
(Walker & Brown, 2020). This study investigates the role of socio-contextual dimensions in
student learning. It teases out if and how relationships within and outside of the classroom
influence the development of critical thinking skills.

2. About the Course

Families and Technology (FSOS 3105) is a 3-credit undergraduate classroom-based course
delivered at a public institution in the United States. It is offered in the fall and spring
semesters (15 weeks each) and heavily integrates technology for communication, instruction,
and assessment. On average 45 students are enrolled, representing learners across all
undergraduate years. The course is required for majors and fulfills an elective university-
wide; approximately one fourth of the students are non- majors. Topics represent personal
and family structure and process interests (e.g., from use in contemporary society and
individual differences to couple formation and the use of dating apps, through parent-child
relationships and work-family balance), and theoretical foundations framing the study of
family and technology use and impacts (Table 1). The course helps to fulfill higher
education’s role in building pre-professional competencies and experiences by focusing on
field standards on digital skills and practice ethics inclusive of technology (e.g., American
Association of Marriage and Family Therapists, 2015).
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2.1. Opportunities for Building Critical Thinking Skills, Dispositions and Actions

The course aligns with Davies’ (2015) model of critical thinking in higher education by
placing cognitive skills and arguments as the central features. Competencies represent
Bloom’s taxonomy (knowledge, comprehension, application, analysis, synthesis, evaluation)
and those represented in problem-solving and decision-making models (Brookfield, 2020).
Critical ‘propensities’ further represent the ‘critical thinking movement:’ affective,
dispositions, emotions, attitudes and states of readiness. These relate to the self (e.g.,
tolerance of ambiguity, perseverance, desire to be well-informed) to others (e.g., respect for
alternative viewpoints, understanding of individual differences) and in relation to the world
(e.g., interest, inquisitiveness, Halpern, 1998; p. 58) Critical consideration of social
conditions and actions represent what Davies describes as the ‘criticality” movement and the
more familiar critical pedagogy movement. Table 1 lists the activities that foster critical
thinking, critical propensities, and critical action.

2.2. Student Identification of Salient Critical Thinking Perspectives

In previous course research (Walker & Brown, 2020), analysis of end of course input
identified the topics students would continue to think critically about. While nearly all topics
were noted, personal technology use, recognizing the impact of technology on relationships,
work-family balance and technology use by family professionals were key topics mentioned
(noted with an *). This validated Ryan & Deci’s (2000) assertion that critical thinking and
action is goal directed. Students in higher education experience a range of motivations for
their learning, from personal (e.g., better understanding of oneself and direction in life); to
practical (e.g., completing a degree), professional (e.g., gaining necessary competencies for
a vocation), to global and societal (e.g., identifying steps toward wider change).

3. Exploring Socio-contextual Factors that Influence Critical Thinking
Acquisition

3.1. Method

At the end of the semester in fall 2021 students (n= 46) were given three open-ended
questions in which they were asked to 1) identify topics that were most meaningful in their
critical thinking and 2) course activities or conditions that inspired their learning. A third
question asked students how if at all, relationships influenced their learning in the course.
Students answered anonymously and responses were transcribed to text for analysis.
Thematic analysis was applied to all responses to identify dominant themes. Three students
from the course acted as a focus group to help validate interpretation of the analysis. The
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Table 1. Course Topics and Learning Activities for Critical Thinking in FSOS 3105.

Course Topic

Activities for Learning (course
frequency)

Critical perspectives on our technology use as self, social
self and member of society*

Theoretical foundations for understanding the family and
technology

Differences in Technology Use Within and Across
Families*

Technology use in Intimate and Couple Relationships*

Use and Impact of Technology on Children and Young
Adult Development

Technology Use by Parents

Technology Use and Parent-Child Relationships

Work -family balance and technology*

Health and financial interests and safety with technology

Family professional technology applications and skills*

In class small group discussion and
collaborative decision making (e.g.,
debate, comparative action) — weekly

Evidence-based blog posts in response
to prompts on course topics (1000
words each; 4 times/semester)

Personal technology tracking (12
hours) and written analysis applying
course concepts (1/semester)

Exams (including demonstration of
independent decision making,
affective perspectives and actions for
equity; 3/semester)

Topic Reading/ Short quizzes
(10/semester; approximately 1/week)

Integrating research, practice and policy

students represented class gender, age, race, sexual orientation and major. The
videoconference transcript was converted to text and qualitative analysis applied by two
coders.

3.2. Results
3.2.1. Topics

Students in the fall of 2021 identified technology use in personal relationships (17),
relationships with family (15), professional applications (15) and work and family balance
(11) as most salient to their learning experience. Those identifying children and teen use (8)
and parent-child relationships (8) were parents or had significant childcare responsibilities.
On reflection of the key topics identified, the focus group agreed that they were those most
relevant to college students. Other topics were interesting yet more aspirational (i.e., later life
realities).
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3.2.2. Course and Classroom Influences on Critical Thinking
Student responses reflected all types of activities in the course (e.g., blog writing, debates,

though group discussion and applications to real life experiences were mentioned by most.
Students appreciated that the course foci included raising their awareness, a critical lens and
technology use that was intentional.

Student comments on groups indicated a diminished sense of competition and allowed for
discussion of different perspectives on topics. One student observed “/My group] has
influenced my learning in this course. I believe that not only did our ideas for group
discussion come from what we learned in class but also how we related to the topic. As a
result, it was really fun to hear about all of our ideas and how it related to our personal lives
which made the course even more meaningful.” For some students this also meant the
development of relationships for studying and getting missed course materials or
assignments. The focus group expanded on the value of small groups. The observed that class
groups offered others with similar mindsets and experiences and made activities more
enjoyable; they helped learners understand the content, apply it, and hear different
perspectives.

Regarding the classroom climate, the tone set by and enthusiasm of the instructor for the
topic and for teaching was cited by several students. As one student remarked “/The
instructor] made everyone always feel included and that made me personally want to be there
in class.” In written observations about the teaching assistant (TA) and instructor, students
used words like “feeling seen”, “safe”, “valued”, and “belonging to a community.” Focus
group students conveyed the importance of a safe classroom space. When they felt safe in
the classroom, they were more likely to participate in class and it made them want to do well
in the course. When treated as individuals (the instructor/TA learning their names, checking
in with them, caring about their interests and days, providing opportunities for them to share
their expertise and experiences) students felt they had a voice in the class and wanted to be
there to share and learn.

3.2.3. Relationship Influences

Students cited their own families or partners as influential in their learning in FSOS 3105.
Over half (25) cited these relationships. Family may represent a parent (mother, father), or
grandparent or partner. Some mentioned their friends (4) or others in general (2). Some
students responded by recognizing class groups and/or the instructor and TA (10).
Relationships outside of the class helped students apply the content. Content application was
the dominant role relationships played, as noted by 26 students. As one student said, “/ think
having someone or multiple people to think about how technology affects families is
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important, because applying theories and technology to my life is how I learned better if I

>

can apply something to my life then I think I will be able to apply it to other families.’

The second dominant theme of relationship influence was ‘to understand” (by 10). Having
these relationships in mind helped students make the topics relevant. Speaking about their
mother, one student wrote: “We both use technology in very different ways, but our
differences were great reference point for conceptualizing how variations in use influence
family dynamics and cohesion. Walking away from this course I definitely have more patience
for our differences and feel far more willing to accommodate her differences in use, which
has had a positive influence on our relationship.” Another student’s experience suggested
that their relationship with their father allowed for observing differences in perspectives on
use, leading to a shift in behavior: “This course has made me more self-aware of my personal
use. Awareness/ behaviors strengthens my relationships and has helped me avoid conflict. 1
realized I crossed boundaries with my dad when he was at work by calling slash texting him.”

The third relational dimension was sharing. Some students indicated that they shared the
topics with family, friends, or a partner in discussion (8). Observing others or discussing the
content also allowed for learning new perspectives outside their own viewpoint or
experience, “I enjoyed interviewing my parents and my sister and her husband. I think it
helped me to understand the reasons behind things they do in their parenting, and I also think

it improved our relationships.”

The focus group validated the immediate family and personal relationships as most vivid to
extending their class learning. They also validated these relationships as informing critical
skills through application, perspective taking, and sharing the content with valued others.
They added the phenomenon of learning about technology use along with their parents.
Unlike other aspects of their growing up which they look to their parents for guidance and
support (i.e., driving, getting a job) and around which application and sharing content may
have different values, with technology they felt they were learning alongside and in many
cases are the ones to teach their parents. This unique topic perspective in a traditional
relationship offered room for perspective and sharing.

4. Discussion and implications

The insights from students in an undergraduate course on technology and the family provide
valuable direction for supporting the process of learning in higher education. First, they
validate the importance of topics that hold relevance. Although immersed in a wide range of
topics on current technology in family life including parenting, child development, and public
policy on technology and equity, students reported those most impactful as those most
relevant to their personal experience. This includes technology use and personal
relationships, being mindful of time and space boundary erosion with technology use for
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work (school) and personal life, and their future use as professionals. To encourage learning
across all course topics, as discussed below, given the meaningful role that others play,
encouraging discussions with others might be a good way to boost learning, application, and
critical perspectives.

A second insight is the value of classroom conditions and course elements that students find
valuable. Course assignments, exams, and activities indeed promote cognition and content
learning. Yet working in the structure of small groups yielded meaningful connections that
became consistent and familiar, allowing students to share perspectives and voice differences
and find common ground. Brookfield (2020) encourages the value of peer interaction through
instructional design to explore assumptions through both shared and diverse lens’. Design
contributes through the structuring of groups (in this case random assignment) and activities
with questions that invite constructive comparison, collaboration, experience, and opinion
sharing and creativity.

Classroom culture that promotes community holds tremendous value, particularly as students
face myriad mental health issues and classrooms diversify. Students in FSOS 3105 spoke of
the welcoming, trusted, and safe atmosphere created by the instructor and teaching assistant.
This helped them feel that their voices, opinions, and experiences were welcomed. The
climate wasn’t competitive, and they felt that the instructor was learning along with them.
These conditions enable vulnerability for perspectives to be challenged and being open to
view other ways of understanding. In turn this fosters transformative, cognitive growth
(Mezirow, 1991).

Finally, students ' personal relationships may be an untapped resource for student critical
thinking acquisition. The students in FSOS 3105 overwhelmingly cited their relationships
with family and partners as key to their learning. Holding relationships in mind, observing
relationships or overt discussions enabled the application of concepts, a deeper
understanding, and conversation that allowed for different perspectives. Most interesting is
that none of the activities or prompts from the class invited students to hold conversations or
make observations of their family members or partners. The roles these relationships played
in their lives word natural and familiar context two more deeply understand and apply what
technology meant in their lives.

Brookfield (2020) speaks of the power neutrality value of peer relationships in critical
thinking. However, because college students in 2022 are learning how to use technology and
how technology impacts their lives and their relationships simultaneously with their own
parents presents a fascinating phenomenon. Whereas other topics might produce the
generational and role power dynamic that might not be conducive to critical thought when
applied to young adults and their parents, the parallel learning experience of using technology
today presents a more leveled power dynamic. Under the condition that parents are not
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bothered by this power shift (and some technology use research suggests they might, e.g.,
Mesch, 2006) family members and parents might be constructive collaborators for the
development of student critical thinking. Such power leveling dynamics might be explored
and applied to student critical thinking acquisition in other fields and domains. Relationships
convey significant value to students’ learning course content and developing critical thinking
skills and dispositions. As this study reveals these relationships are embodied within a social
context that begins with instructor presence and construction of a meaningful context, peer
groups as a component of learning, and students own personal relationships as a consistent
and enduring presence in their lives.
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Abstract

In this paper we compare the academic performance of students who enter a
high-ability program at university with those who stay in a standard program
for the same major. We also study whether the effects differ by gender. We find
that, on average, students in the high-ability groups outperform those in the
standard groups. However, once we control for the student’s university
entrance score - that is, the student’s ability — we find that those in the high-
ability groups obtain lower grades than their counterparts in the standard
groups. Hence, students entering a high-ability program face a cost in terms
of foregone academic grades. Finally, the gender analysis shows that such a
negative effect is greater for females. Our results suggest that the post-
graduate assessment of academic performance should not only look at the
grades obtained, but also at the program taken. The implications might be
larger for women.
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1. Introduction

High-ability tracking in educational systems are common in many countries. One of the main
reasons used to justify the creation of such programs is that, given that students instruct each
other and academic attitude is contagious, joining high-ability peers will benefit all of them.
This positive effect has been labelled as the ‘peer effect’ (Zimmerman, 2003). Other channels
through which positive effects could come are a better predisposition on the part of teachers,
a more dynamic environment for group interactions, or a more homogenous group, which
would benefit all students because teachers would not have to explain the same thing several
times to suit the different levels of students.

However, the evidence available to date on the effects of ability-grouping shows
contradictory results (Sacerdote, 2011). A possible explanation for this mixed evidence is
that, besides joining better peers, students in high-ability groups have also to cope with two
disadvantages as compared to standard groups. The first of such drawbacks is that in high-
ability groups instructors tend to set higher academic standards, which entails greater
difficulty to obtain high grades. The second is that the environment in the classes become
more competitive, resulting in higher pressure, that is, in higher stress and anxiety to meet
own’s and others’ expectations. Joint with this, the relative ranking effect (Elsner et al., 2021)
predicts that students perform worse/better when ranking low/high in a group’s ability
distribution. Since students enrolling in high-ability groups used to be top students at high-
school or even earlier, upon entry in a high-ability group they suffer a sharp downgrading in
the relative position that they occupy in the ability distribution, what may impact their anxiety
and self-confidence negatively (the small-fish-in-a-big-pond effect, Marsh 1987).

The adaptation of students to the new environment at university, particularly in high-ability
groups due to their special characteristics, is likely to be subjective to a large extent. Given
the by now abundant literature documenting substantial gender differences in preferences for
and reaction to competition (e.g., Gneezy et al., 2003), gender-based differences are likely to
appear in such responses.

Given that high-ability grouping can have both positive and negative effects on academic
performance, the natural question that arises is which of the possible countervaling effects
overuns the other, and whether or not the net effect of those pros and cons might be
heterogeneus by gender. To evaluate this trade-off, the first question that we want to answer
in this study is: Do students, with the same university entrance score, who decide to enter
academically selective programs get better grades than those who stay in a standard
program? And the second question we want to answer is: Are the effects on academic
performance of joining a high ability group different between male and female students?
Therefore, the rationale behind exploring these questions is whether it is worthy (in GPA
terms) entering HA-groups, and whether the answer may be different depending on gender.
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Enrolment in high-ability educational programs determines, in many instances, subsequent
access to selective educational and professional settings. If joining a high-ability group
imposes students with a penalty in terms of grades, this would put them in disadvantage with
respect to students in standard groups. In the academic context, particularly so at the higher
educational stages, this could imply lower chances of successful post-graduate applications
to masters programs, scholarships, or job offers if the recruitment processes do not value the
specific program that the graduate comes from. Female underperformance in such high-
ability groups, if it exists, might be among the many obstacles that women encounter on their
path towards top professional positions, where the higher gaps are observed (the glass-ceiling
phenomenom). Identifying such differences and their determinants therefore represents a
significant contribution to redressing existing gender imbalances.

Methodologically, we base our analysis on four-cohorts of academic records for students at
a large public university in Spain (Universitat de Valéncia, UV henceforth) in standard
groups of Business Administration and in two high-ability programs of Business that coexist
with the former. The two kind of programs share the same subjects but differ considerably in
the admission cutoff. Based on regression analysis, we isolate the effect of the baseline ability
of the student, approximated by their entrance score, and analyse gender differences as we
further detail below.

To anticipate our results, we find that, on average, students in high-ability groups outperform
(in terms of GPA at the end of first year at university) students in standard groups. However,
once we control by the university entrance grade, students in high-ability groups obtain lower
grades than their counterparts in the standard groups. This result points in the direction that
joining a high-ability group has a cost in terms of foregone opportunities to get a higher
grades-transcript in the degree. Finally, when we do the gender analysis, we find that
although females get better grades than males on average on standard groups, when they enter
a high-ability group the negative effect is greater than for males.

2. Institutional setting and data

To carry out our analysis we use administrative data on four cohorts of students enrolling in
the business degrees offered at UV. This comprises both students in a standard program of
Business Administration and in the high-ability programs of Business Administration & Law
and International Business (HA-groups, henceforth). The HA-programs were set up in the
academic year 2010-2011. The data used here refers to first-year students from then to
academic year 2013-2014.

The UV, with near 45,000 students in 2020, is one of the largest public universities in Spain,
and offers a wide range of around 70 four-year major degrees in all areas of study. College
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admissions in public universities in Spain are based on students' entrance scores and the
specific admission cutoffs established by each university for each degree and year. The
admission cutoff is determined by the number of slots on offer, the demand of slots and the
incoming cohort's average score. The entrance score ranges between 0 and a maximum of 14
points. The cutoff established by the UV for admission to the HA-programs differ quite from
the entrance grades in standard groups. The cutoff started at around 10.5 points (out of 14) in
2010 and has increased to above 11.3 in 2013. By contrast, in the regular groups the cutoff
ranged from 7.45 in 2010 to 7.65 in 2013. Thus, on average between 2010 and 2013, the
differences between the mean entrance scores of students in the regular groups and those in
high-ability groups are above 3 points on the 1-14 scale of the entrance grade, which
constitutes a considerable difference.

Following a formal request of data, we received from UV administrative records of all
students enrolled in the above mentioned major degrees from year 2010 to year 2013. These
administrative records contain information on each student's entrance score, which we will
take in this article as our measure of student’s baseline ability. The data also contain the
academic grades obtained in all subjects of the first academic year (all of them compulsory
subjects), as well as certain demographic characteristics such as gender. In our empirical set
up below, the outcome variable of interest is the student's final average point grade (GPA)
obtained in compulsory subjects of the first year. This GPA is measured on a 0-10 scale.

We exclude from the estimation sample all those students whose admissions were based on
different entrance requirements. This includes special students, such as disabled and elite
sports students, those who transferred across colleges or degrees, those aged above 25 and
international students. In total, we count on the administrative records for 1,691 students, out
of which 934 are students in the standard groups and 757 are students in HA-groups. In our
estimation sample, each student enters as many times as subjects evaluated for this student,
that is, we pool the GPA of all students across all subjects. As a result, the estimation sample
comprises 17,440 observations, 9,322 corresponding to regular students and 8,118 to high-
ability students.

3. Empirical procedure and results

Our first question of interest is whether equally able students obtain higher/lower GPA in
either standard groups or in HA-groups. Our second question of interest is whether or not
such differences, if any, differ by gender. To shed light on these issues, we provide two pieces
of evidence. First, we estimate that part of a student’s actual GPA at the end of the first year
at university that is above or below the value predicted by her entrance grade. More
specifically, we regress by OLS the student’s GPA on her entrance grade and its squared
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value (to allow for non-linearities in the relationship between the GPA and the entrance
grade). We compute a ‘residual’ as the difference between the actual (observed) GPA and
the predicted GPA. A positive residual indicates that the student performs better than
predicted by his/her entrance grade; a negative value indicates the opposite. The results are
shown in Figure 1 for students who have surpassed the admission threshold but decide to
enrol into the standard program and for those deciding instead entering the high-ability
groups. The results are displayed by entrance grade (below or above the average) and by
gender. A considerable positive difference is observed in favour of female students in
standard groups. However, such a difference is close to zero, and if any negative, in HA-
groups. In the case of male students, they underperform with respect to their predicted GPA
in both types of groups. Such underperformance of male students seems to be larger in HA-
groups than in standard groups for students below the average of entrance grades, but the
opposite is found among above-the-average students. These results would be suggesting that
female students feel ‘more comfortable’ in standard groups than in HA-groups, or, in other
words, that the more competitive environment of the HA-groups do not favor them in terms
of performance.

Figure 1 does not allow us to observe if equally able students obtain higher or lower GPA on
either standard or HA-groups. To proceed with this we next estimate by OLS a linear model
whose results are shown in Table 1. Subsequently from column (1) to column (5) we proceed
estimating each student” GPA as a function of an increasingly augmented set of variables as
follows: 1) Column (1), only with a constant. In this case, the estimated coefficient displayed
in the table represents the sample average of the dependent variable, that is, the sample
average of GPA regardless of the type of group, the student’s entrance grade, and gender. ii)
In column (2), we add a binary indicator variable taking the value 1 for students in HA-groups
and 0 otherwise. The estimated coefficient of this variable indicates the GPA differential for
HA-groups as compared to standard groups (measured by the constant), regardless of the
entrance grade and gender. iii) In column (3), we further add the entrance grade of the
student. By doing so, we discount the effect of the student’s entrance grade. That is, the
estimated coefficient of the variable ‘High-ability group’ now indicates the GPA differential
for HA-groups as compared to standard groups if we were to compare students with the same
ability - as measured by a same entrance grade-, and still regardless of gender. iv) In column
(4), we further we add a binary indicator variable (Female) taking the value 1 for female
students, in all groups, and 0 for males. The estimated coefficient of this variable indicates
the GPA differential for female students, regardless of the type of group, as compared to their
male counterparts.v) Finally, in column (5), we interact the binary indicator variable ‘Female’
with the binary indicator variable ‘High-ability group’. This variable will then take the value
1 for female students in HA-groups, and the estimated coefficient of this variable indicates
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the GPA differential for female students in such type of groups as compared to female
students in standard groups.
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Figure 1. The figure shows the difference between the GPA at the end of the first academic year at university and
the GPA that the entrance grade of the student would predict. A positive difference indicates that the student
performs better than predicted by his/her entrance grade; a negative value indicates the opposite. The results are
shown for students entering either the standard groups of business or the high-ability groups, by entrance grade
(below or above the average) and by gender. A considerable positive difference is observed in favour of female
students, particularly for those with above-the-average entrance grades on standard groups. Such an advantage is
lost in the high-ability groups.

Our estimation procedure in Table 1 yields two main findings. Initially, column (2) indicates
that the GPA differential in HA-groups as compared to standard groups is positive and
statistically significant. This would be the average difference that we would observe in the
raw data. Hoewer this is of course due to a large extent to the fact that students in HA-grups
are on average more able students, that is, they have higher entrance grades. In colums (3),
once we isolate the effect of the entrance grade (ability), the coefficient on the ‘High-ability
group’ indicator becomes negative. This result is the first of our main findings: for a same
ability, in HA-groups it becomes harder to obtain higher GPA. In other words, students in
these groups would be ‘giving up’ to the opportunity of getting higher grades in standard
groups. In the economists’ jargon, students in HA-groups will be incurring in an ‘opportunity

106



Pilar Beneito Beneito, Oscar Vicente-Chirivella

cost’ since the alternative — the standard program- would result in higher grades transcript.
The result is around half a point lower on average on the 0-10 scale of the GPA (estimated
coeffient around -0.5), which constitutes a huge difference, for instance, for students aspiring
to get a scholarship or to get admitted in some master program after college graduation.

The second of our main findings refers to the gender differences. On column (4) the positive
coefficient of the ‘Female’ indicator variable is indicating that female students, on average,
obtain near half a point higher GPA than their males counterparts, when we do not attend to
the type of group. However, in column (5) the estimated interaction effect between female
gender and HA-group tells us that the difference is considerably lower in HA-groups. This
finding would be suggesting that the more competitive environment of HA-groups lead
female students to underperform with respect to their performance in the standard groups.

Table 1. Dependent variable: Students’ GPA at the end of first year at university.
Standard vs. High-ability groups of Business Administration (BA) and gender differences.

(OLS estimation)
(1) ) 3 C)) (%)

High-ability group® 1.437%%* -0.532%** -0.503%** -0.142%*
(0.038) (0.058) (0.058) (0.074)

Entrance grade 0.861%** 0.827%** 0.825%**
(0.020) (0.021) (0.021)

Female 0.533%** 0.836%**
(0.037) (0.053)

Female in High-A. -0.659%**
(0.073)

Constant 5.873%** 5.204%** -2.884%** -2.824*** -2.947***
(0.020) (0.028) (0.197) (0.196) (0.196)
Observations 17,440 17,440 17,440 17,440 17,440
R-squared 0.000 0.073 0.153 0.163 0.167

High-ability: refers to a binary indicator variable equal to 1 for students in high-ability groups and 0 for
students in standard groups of Business Administration. The estimated coeffcients show the difference
in the dependent variable of students in HA-groups as compared to students in standard groups. Robust
standard errors in parentheses *** p<0.01, ** p<0.05, * p<0.1
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4. Final comments

The evidence provided in this paper suggests that ability-based selective grouping may have
several implications. For individuals deciding on whether or not to join a selective group, an
opportunity cost comes in the form of giving up the academic premium associated with
holding a top position in less demanding environments. In the academic context, particularly
so at the higher educational stages, this could imply lower chances of successful post-
graduate applications to masters programs, scholarships, or job offers when competing with
candidates from standard programs. For evaluators of the academic merits achieved by
students, our results suggest that in order to improve the recruitment of the best candidates,
grades should not be the unique indicator of the candidate's ability, but rather a mix of grades
and program studied. In the case of women, given that the grade penalty for belonging to a
high-ability group is even greater, this mix of grades and program studied has even more
pronounced consequences. In this sense, interventions are needed to provide female students
with more tools to increase self-confidence, reduce risk aversion and feelings of anxiety when
facing competitive environments.
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Abstract

The word ‘assessment’ is frightening to most student teachers since it carries
with it many negative connotations. Schools of education around the world
have stepped up in working on building confidence into preservice teacher
candidates. Assessment and data literacy have now come to be common units
of study within higher education. Many universities are still calling for a need
to enhance these courses through more focus on psychometrics or statistics but
missing from these courses is the essence of assessment and teaching in
general, teacher judgement and voice. Building credible, reliable and valid
teacher judgement begins within schools of education. This article presents a
framework to enhance student teacher’s voice within assessment practices. It
builds on a Modern Assessment Theory perspective where teacher judgement
is a key factor in understanding student learning and presents ways on how
this theory of assessment intertwines within reflection and inquiry.
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1. Introduction

There has never been a more demanding time for teachers to utilise their professional
judgements to provide accurate predictions of how their students measure in the learning
content that is taught. Policymakers worldwide have crafted many methods to ‘measure’ the
‘learning’ that is being undertaken within their countries, and only in some very rare cases
have governments sought teacher judgements on this issue. Measuring student learning is not
a straightforward task that can be done through testing. Nor can it be decontextualised so that
the measures apply across varying districts, states, nations or hemispheres. The idea of
measuring student learning through standardised testing creates a predicament where teacher
judgements be required to follow the ‘what is considered valuable’ guidelines.

Teacher judgement has, as a consequence of this fractured measurement focus, become
distorted and weak. This distortion ‘undermines the ability of teachers to be teachers and of
schools, colleges and universities to be educational institutions rather than shops’ (Biesta,
2015, p.83). In this paper, a framework is presented to help schools of education work on
elevating teacher professional judgement. To date research has argued for the need to take
teacher professional judgement into consideration, but the gap in presenting a conceptual
framework of building professional judgement at the beginning of the teaching journey,
within schools of education, has not been developed. This paper will present a conceptual
framework to build preservice teacher professional judgement founded in theories of
assessment, reflection and inquiry.

2. Building Pofessional Judgement Through Schools of Education

At an age where being capable of interpreting student results has become crucial, schools of
education have realized that teacher preparatory courses must not only provide support in
content and pedagogical areas. Preservice teachers (PsT’s) are also in need of critically
reflecting, inquiring and using their professional judgement to utilize their students’
assessments in constructive and meaningful ways that lead to valid and reliable
interpretations (DeLuca, Chavez, & Cao, 2013). Hence, teacher preparatory courses have
provided candidates with more opportunities to enhance their own learning in areas of
assessment, such courses we now see offered entail assessment literacy, measurement, data
literacy through a lens of reflection and inquiry. Even though these courses do much to
enhance PsT’s professional judgements, nevertheless, still prevalent within the literature is
that preservice teachers lack confidence in their own judgements (Mertler, 2004; Volante&
Fazio, 2007). This is a problematic stance and one that needs dire attention on behalf of
teacher educators and schools of education. The problem is that when these candidates are
sent off to schools without both the proper levels of confidence in their own learning and the
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ability to voice their judgements and interpretations, their own competence becomes frail
(DeLuca, Chavez, & Cao, 2013).

Reflection (Schon, 1984) and inquiry (Dewey, 1910) have been introduced into teacher
preparatory programs to help PsT’s enhance their own critical thinking skills and overcome
any biases towards their own teaching pedagogies or understandings. In most of these courses
the link to student achievement data is made, hence courses on assessment literacy have also
been mandated. However, the link between reflection, inquiry and assessment has not been
looked at in terms of explicitly enhancing PsT judgements and voice. Moreover, most of the
student assessment data PsT’s use are tangible tests or tasks, not informal assessments such
as classroom discussions.

Modern Assessment Theory (MAT) presents a way of looking at assessments that traverses
tangible data. It is a new way of looking at assessment that can help to empower PsT’s and
teacher educators alike. The following framework shows how each one of the three spaces
of reflection, inquiry and assessment can all build a foundation in teacher judgement,
beginning within schools of education and subsequently having an effect in classrooms once
these candidates become teachers.

Reflection

Assessment
Literacy

Inquiry

Professional
Judgement

Figurel. Framework for enhancing preservice teachers professional judgements of student achievement data.

3. Modern Assessment Theory

MAT defines assessment as involving ‘professional judgement based upon an image formed
by the collection of information about student performance’ (Tognolini & Stanley, 2011
p.25). The definition brings together teachers’ professional judgement, information or
evidence-based decisions, and student achievement data. It calls for the use of both
qualitative and quantitative data to form an accurate measurement of ‘how much’ content a
student has and whether it is suffice enough for the student to move on to more challenging
content or whether some form of intervention needs to be put in place to help the student
understand the current content. It calls on educators to collect and use a ‘wide variety of
evidence-eliciting techniques’ (Popham, 2009, p.5) to understand their students’. The
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definition allows educators, specifically teachers, to form a mental image of the student and
to map this image accurately along the learning progressions.

3.1. The Image

Governments all around the world are now using standardised tests throughout both primary
and secondary school years in order to track the progress of a certain cohort along a defined
learning progression or continuum. In doing so, stakeholders are capable of tracking learners
throughout their learning journey to understand ‘what they know’. Within a school setting,
teachers form mental images of their students and track that image to a point on the learning
continuum. As teachers provide students with ongoing content knowledge, they need to find
valid and reliable ways of assessing their students’ learning. PsT’s do not have enough time
with the students to track each of them on a learning trajectory and analyse where each
student is. Thus, PsT’s must use their intuition through mainly informal methods of
assessment and learn to analyse these mentally or within short timeframes to be able to adapt
their teaching methods to suit their students learning needs.

3.2. A Continuum of Collecting Student Assessments

The methods of assessment in Modern Assessment Theory can be traced along a continuum
from less formal to more informal as in Figure 2.

Less More

Formal Formal

Unstructured Slightly structured More structured Most structured

schance meetings sguestionnaires =classroom tests examinations

conversations =ohservation =checklists sstandardised tests
sstudent selft spractical work spublished aptitude
assessment sproject work tests

mzage studies

Figure 2. Methods for collecting information on student performance in MAT. Source:Tognolini & Davidson
(2012).

At the ‘more formal’ end the assessments follow testing procedures that are highly structured
and are tightly controlled and standardized produced by professional assessment experts,
PsT’s are not expected to produce these forms of tests although they should be able to
understand their structures and their results. Schools of education must provide student
teachers with opportunities to understand and interrogate these tests, especially if they are
placed in a classroom that has undergone standardized testing.

Formative assessment has been argued to be a crucial facilitator of student outcomes (Black
& Wiliam, 1998). Unstructured or slightly structured assessments are also methods for
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collecting information about students. They can provide information that is just as pertinent
and relevant about a student as the more highly structured means of collecting information.

3.3. Building Teacher’s Professional Judgement Through MAT

To be able to know where to locate a student appropriately on a continuum, teachers need to
reference the students’ performance to a predetermined standard. This involves, teachers
combining relevant student data and with their professional judgements to form an accurate
image of what a student can or cannot achieve and then comparing this image to pre-
determined standards of performance.

This form of intuitive ‘measurement’ of student ‘image’ must be made justifiable. These
judgements of students’ outcomes must also be accurate in order to support various
instructional and professional decisions (Artelt & Rausch, 2014; Shavelson & Stern, 1981).
For these judgements to be accurate teacher’s need to build confidence in their ability to
evaluate and measure student’s performance (Tognolini & Shakra, 2021). Building this
confidence takes time and begins within schools of education. PsT’s need to be supported
with assessment and evidence-driven decision making courses for them to build the
confidence to have a ‘voice’ in assessing their students through judgements.

PsT’s lack confidence in their own professional judgements, specifically in the area of
assessments (Maclellan, 2004; Mertler, 2004; Volante& Fazio, 2007). This is in part due to
the limited assessment education (DeLuca, Klinger, Searle, & Shulha, 2010). Professional
judgement has been a focus during the assessment phase of teaching and learning (Bruniges,
2007) and so the focus on assessment literacy in teacher preparatory courses is key for future
teachers to start building confidence in their judgements. PsT’s confidence may have a
‘ripple’ effect into the other two crucial factors that underpin education, curriculum and

pedagogy.

Schools of education need to start focusing on building PsT voice and confidence in their
own professional judgements. They need to structure courses and frameworks that centralise
around developing credible, valid and reliable teacher judgement. This may be achieved by
linking assessment literacy, reflection and inquiry in both theoretical and practical courses.
The framework in figure 1 may be considered as a starting point.

4. The Role of Reflection in Building Professional Judgement

Teacher preparatory courses must be capable of understanding the beliefs and conceptions
PsT’s hold, especially when approaching teacher education through a cognitive/constructivist
approach to learning. These courses should be set up in ways that allow the lecturers or course
designers to track how teacher educators develop and change as they progress through their
training (Hill, Cowie, Gilmore & Smith, 2010). Reflection in this case can be a powerful tool.
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Problems which arise in the classroom cannot be easily solved (Reiman, 1999). Reflection
as Dewey (1910) explains allows teachers and student teachers to make meaning of a
situation by putting facts and beliefs pertaining to a certain problem and rigorously analysing
these pieces of evidence to come to a solution. Similarly, Schon (1984) identifies reflection
as a process that is driven by a ‘problematic situation’ that leads to an interrogation of a
practitioners existing knowledge (p.63). The definitions are not very far from the theoretical
underpinning of MAT where teachers must make sense of the information they have through
assessments and build an image of where the students are in their learning, if the image does
not fit into the attributing standard, then a problem is presented and reflection to judge on
why this has happened needs to take place intuitively. If teachers are not prepared for this
sort of intuitive analysis, they will not be confident in voicing their judgements, and this may
cause a threat to student learning.

Teachers need to possess reflection as one of their characteristics (Darling-Hammond, 1998).
Additionally, reflection is considered as a key element of a teacher’s professional judgement.
Therefore, it should be adopted by schools of education as a goal for their student teachers to
purposefully analyse their professional actions. As the field of education moves towards a
standards referenced system, so too has the model of evaluation moved from an input to an
output model. Teacher preparatory courses are to demonstrate that their candidates have the
ability to exercise their professional judgements to ‘critically analyse student work in terms
of how it is meeting standards’ (Ward & McCotter, 2004, p.244) and henceforth showcase
their capability to make a positive impact on student learning (Ward & McCotter, 2004;
Ridley, Rowe, Borkowski, & Hikida, 2022 ).

At the heart of reflection lies the aim of creating a rigorous emphasis on student learning
mindset. PsT’s who are aware of basic assessment literacy skills will have a valid and reliable
basis on which to reflect. MAT posits that PsT’s reflect constantly on the ‘image’ that they
have built by continuously and consistently adjusting the location of their students on the
learning progression through the continuum of assessments that they use. This will allow
teacher preparatory programs to understand how PsT’s situate their thinking within the
practicum contexts, still a missing piece of reflection frameworks to date (Ward & McCotter,
2004).

5. The Role of Inquiry in Building Professional Teacher Judgement

MAT places ‘collecting information’ at the heart of its definition. Information is formed when
teachers collect and assign meaning to any formal or informal piece of student assessment
data. The data may be quantitative or qualitative. The build up of information from student
data leads to evidence and the use of this evidence to plan actionable positive change in
student learning is deemed data literacy (Mandinach & Gummer, 2013). It has been found
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that teachers lack the competency and skills for data literacy, because these courses were not
offered correctly to them by their faculties (Mandinach & Gummer, 2013).

The aim of inquiry for Dewey (1910) was to allow teachers to use their judgements to think
about how they can enhance their students learning opportunities. Dewey (1910) believed
that PsT’s should be adequately supported in enacting these transformative pedagogies.

Inquiry can build the data literacy skills of PsT’s. In doing so it can lead to more confidence
in their own judgements. Building an inquiry habit of mind for PsT’s by asking them to use
the data that they have, turn it into information to build images of their students learning and
understand where they are on the learning progression, where they need to be and to
formulate an action plan of how to get them there. Inquiry does not occur in isolation. PsT’s
need to voice their concerns to a knowledgeable other. In doing so, they build their
professional judgements.

Schools of education have come to recognise the foundational role that inquiry plays in PsT
preparation and have included inquiry courses, however these courses are at best a semester
long. This time restriction, while understandable in a university setting, will not suffice to
disseminate an inquiry mindset (Lammert, 2020). Inquiry should be teamed up within
assessment and data literacy courses from the beginning of a PsT’s journey, by allowing the
student teachers to constantly collect data, reflect on their students learning and collaborate
with peers, lecturers and supervising teachers.

6. Conclusion

As educational policies worldwide move towards performance or standards referenced
systems where student outcomes only have meaning when teachers ensure that the curriculum
content, learning outcomes and the assessments they develop for their students are aligned.
Teacher’s professional judgement is a central contributing factor within these systems since
they are the ones who can accurately align their students’ work to the standards (Bennett,
Tognolini, Pickering, 2012). Insights into how student teachers’ value and conceptualise
assessment learning experiences will inevitably provide more foundational evidence for
teacher preparatory courses.
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Abstract

Assessments serve a pivotal component of any teaching and learning system,
especially when they motivate and enhance better teaching and learning.
Together with the seamless permeation of digital technology in universities,
formative assessment(FA) using digital technology has been increasingly used
at the tertiary level of educaiton in recent years. FA using digital technology
plays an important role in the quality assurance of teaching and learning (and
hence assessment) in nuniversities. How has the emerging digital technology
efficiently served and enhance the formative teaching and learning in
universities in the past decade? This study explores this issue by conducting a
systematic review of peer-reviewed empirical papers on formative assessment
using digital technology in universitites over the past decade. It is found that
mainly four major aspects of FA has been facilitated by the emerging digital
technology applied in higher education in past ten years.
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A review of tertiary formative assessment using digital technology: what has been facilitated?

1. Introduction

Assessments serve a pivotal component of any teaching and learning system, especially when
they motivate better teaching and learning, help to improve the educational system, assist the
teachers to ameliorate their teaching practice, and change how we approach education. The
P21 framework (Partnership For 21st Century Skills, 2009) and ATCS framework of 21st
century skills (Griffin et al., 2012) emphasise the move towards formative assessment (FA)
as a means of teaching because of the powerful positive effects it has on students’ learning.
In recent years formative assessment has been increasingly used at the tertiary level of
educaiton.

Among this trend, digital technology has become a popular part of university lecturers” FA
practice and important section of university students’ learning experience in the 21st century
(Henderson et al., 2017; Scott et al., 2018; etc). For the millennium generation, the internet
is their way of daily life and learning, offering them the non-stop and closely engaging social
space in their university life, rather than simply mechanical functional tools.

Given such a significant role of digital technology in university formative teaching and
learning, How has the emerging digital technology served and facilitated formative teaching
and learning in universities in the past decade? This study aims to answer this problem by
conducting a systematic review of peer-reviewed empirical papers on formative assessment
using digital technology in higher education over the past decade and discuss the positive
impact of these studies over this time period.

Systematic qualitative review (Green et al., 2006) is employed to produce an analysis of the
literature in three major steps (Galvan, 2006): searching, reviewing and writing the literature
review. The data were retrieved from the databases using major search engines in education
(e.g., Elsevier, ERIC, EBSCOHost, and SAGE), focusing on the key words (formative
assessment) and (digital technology Or technology) and (university Or higher education).
The time period is 2011-2021. The search is further limited to focus on peer-reviewed
empirical studies that explicitly applied the digital technology in FA at the tertiary level.
Ultimately, 49 papers were selected as key papers for the review. Some relevant review
papers on FA and digital technology in higher education are also included to provide a
complete picture of the literature.

2. An overview of tertiary FA using digital technology

Given the main target of this paper is the facilitative impact of formative assessment on the
university lecturers’ instruction in essence, Black and Wiliam’s (Black & Wiliam, 2009)
definition of formative assessment is adopted in this research:

120



Li Liang, James Tognolini, Graham Hendry, Lilia Mantai

“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.” (Black & Wiliam,
2009, p.9)

This definition highlights an important feature of FA as a part of the actual teaching and
learning process. The ultimate aim of FA is to better the teaching and learning. This echoes
the purpose of mastery learning in Bloom et al’s conceptual framework (1971).

There have been some empirical studies and review papers on tertiary FA using digital
technology in the past decade. Webb et al (2018) identified three major aspects of FA
processes that can be particularly facilitated by digital technology (p. 441):

1) datafication of learning
2) feedback & scaffolding
3) peer assessment & peer feedback

One problem with Webb et al’s (2018) classification is the overlapping and over
generalisation of the FA aspects, especially the overlapping of the second and the third
aspects. What’s more, new breakthrough of digital technology has occurred very swiftly each
year and sped up new applications rapidly since 2018. So the digital technology employed in
tertiary FA now is quite different from that of four or five years ago. Some digital technology
used in FA four years ago may not be in use now, while some new functions of other digital
technology has been developed and is now more popular. The implication for the researchers
is that there is a need to speed up the relevant theoretical and empirical studies that deal with
formative assessment. This paper provides this systematic review to identify the FA
processes currently promoted by digital technology.

Henderson et al (2017) investigated the university students’ perception of the usefulness of
digital technology in their learning. Based on the survey results of 1658 undergraduates, they
identified 11 benefits of digital technology that are especially useful to the university
students’ learning (p.5):

Organizing and managing the logistics of studying
Flexibility of place and location

Time-saving

Reviewing, replaying and revising

Researching information
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Supporting basic tasks

Communicating and collaborating
Augmenting university learning materials
Seeing information in different ways
Cost saving

Despite the obvious facilitation of digital technology on university students’ learning,
Henderson et. al. (2017) noted on the other hand that digital technology did not completely
alter the nature of university teaching and learning. This justifies that the focus of our research
on the tertiary FA using digital technology should be on tertiary education rather than the
digital technology alone. Another issue is that their research targeted at the university
students’ learning in general, not addressing specifically the tertiary FA. So an unclear picture
still remains as to what aspects of tertiary FA has been facilitated by the digital technology.
But despite this, the study serves as a helpful reference as a strong contention of this paper is
that tertiary FA is an integral part of university learning.

Given the above mentioned, a systematic qualitative review has been conducted of 49 papers
and four major aspects of tertiary FA using digital technology have been identified: emerging
intelligent personalised FA, dataficated formative learning and management, multi-media
feedback, and swift communication in FA.

2.1. Emerging intelligent personalized FA

Artificial Intelligence in Education (AIEd) is a newly emerging and promising procedure that
has been used in digital technology in higher education in recent years. Some researchers
predict that AIEd will grow by 43% from 2018 to 2022(EDUCAUSE, 2018), and as a direct
consequence there will be a direct influence on teaching and learning in higher education.
Some emerging AIEd have been applied to personalize tertiary FA in the past decade.
DeMara, et al (2020) use data mining to generate personalised learner remediation groups for
their complementary peer formative learning. Hooshyar et al (2016) online used an FA quiz
of tic-tac-toe for self assessing formatively individual student learning in a flowchart-based
Intelligent Tutoring System (FITS).

Conejo et al (2016) conducted a technology-enhanced FA of university students’ plant
identification with Siette, a domain-independent intelligent online evaluation system for
mobile devices, to support the whole cycle of FA in a biology course. Utilising a reusable
item bank, an authoring tool and options to analyse assessment results to generate statistical
information, Siette enables the different question types, selection criteria, and scoring
procedures to provide tailored questions for each individual student according to their
location on a developmental continuum of learning. The students in turn use the mobile
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device to position or scan a QR code attached to a plant in a arboretum or herbarium. Then
Siette will offer the student some detailed feedback including correct answers accordingly
after the FA questions.

In their review of research papers on AIEd from 2007 to 2018, Zawacki-Richter et al
(Zawacki-Richter et al., 2019, p.1) identified 4 areas of AIEd applications in higher education
institutional and administrative services:

profiling and prediction

assessment and evaluation

adaptive systems and personalisation
intelligent tutoring systems

Apart from the assistance and facilitation effects of AIEd, Zawacki-Richter et al (2019) also
pointed out that a significant problem wit the research is that there is a dearth of critical
reflection on the risks of AIEd, the weak application of pedagogical theories, and the need
for future investigation of ethical and educational aspects of AIEd application in higher
education.

2.2. Dataficated formative learning & management

Thanks to the emerging digital technology, various forms and scales of FA and management
have emerged during the past decade. Not only the feedback in the forms of words and verbal
signals are dataficated via digital technology, but also voice (Gleason, 2013), 3D visual
images (Yoders, 2014), podcast (Forbes, 2011), online actions such as Wikipedia editing (Ng,
2018), etc. Datafication of formative learning and management for the traditional small-sized
courses has been extended to include unprecedented large courses of thousands of students
at the same time in online platforms such as Moocs (Xiong & Suen, 2018), and even the
whole university campus (Lafuente, et al., 2014) being dataficated.

2.3. Multi-media feedback

With emerging digital technology, new forms of feedback have become available in the past
decade. Apart from the traditional words and verbal signals as the forms of feedback, new
forms such as visual portfolios, in which the learners self-select the images that they produce
during their daily activities on the high-fidelity 3D human heart simulator for the
undergraduate level health care sciences students (Yoders, 2014), screen-captured digital
video feedback (Jones, et al., 2012), or online Skinquizition gaming with audience response
systems such as TurningPoint (Schlegel & Selfridge, 2014). Mobile electronic devices
including smartphones, tablets, laptops are also used for formative tasks and feedback
(Wijtmans et al., 2014).
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2.4. Swift communication in FA

Traditionally, swift communication among participants in FA, especially in large classes
seemed to be impossible for university lecturers a number of years ago. But with digital
technology, the participants can now have access to swift communications and better
collaboration even in large classes. Tempelaar et al (2015) examined the use of e-tutorials in
a large introductory quantitative methods module in which 922 students were enrolled. This
module blended face-to-face problem-based learning with e-tutorials. It is found that
computer-assisted FA seemed to best predict students who were under-performing. Besides
enabling timely feedback, the user-intensity data and learning dispositions from the e-tutorial
systems are worthwhile sources for lecturers’ feedback as well.

Fernandez-Ferrer& Cano (2016) investigated university students’ use of Twitter to create
their personal and unique social networks during formative learning. Their results show that
the microblog social network tool facilitated the students’ motivation, involvement and
learning perception, but no significant improvement was identified in their achievement. It is
noted that future research needs to examine the effects of self-regulating feedback and the
influence of the application of social network tools on the learners’ self-regulating capacity.

In conclusion, based on our systematic qualitative review on the 49 key papers, it is found
that emerging digital technology has been applied in tertiary FA in the past decade and has
had an increasing influence on university education. Four major aspects of tertiary FA have
been facilitated by digital technology: emerging intelligent personalized FA, dataficated
formative learning and management, multi-media feedback, and swift communication in FA.
On the other hand, it is also noted that application of digital technology in FA may not
necessarily lead to the university students’ improvement of learning performance. More
research is needed to examine the factors of the students’ self-regulation during the FA
process.
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Abstract

Teaching introductory programming modules in higher education is highly
challenging. In particular, it is hard to motivate novices if there is a lack of
tutoring support and it is also difficult to assess their progress when there is a
large class. Automated assessment and feedback systems help in this scenario.
The use of automated assessment and feedback systems support teaching
programming and motivate the novices in their learning process. This paper
discusses these assessment and feedback systems which enable academics to
assess, grade and support students learning programming. This study mainly
concentrates on whether these systems enable them to understand basic
programming concepts and help to improve their skills. The result of this study
is that they are very effective in scaffolding the teaching of programming and
assessing programming assignments. This study concludes that these systems
still need some development to be more effective to motivate their learning

process.
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1. Introduction

Programming modules are essential for any software development related courses at higher
education institutions all over the world. In Ireland, there are a number of programming
modules with different names (Becker 2019), although many of them have similar content.
The objective of these courses is to give the basic knowledge of programming languages by
introducing syntax and semantics. Therefore, these modules play an important role to make
them comfortable in continuing their education in computing. There are a number of activities
introduced to motivate the novice students in programming modules: e.g. Intelligent tutoring,
real-time problem solving, competence based (Najar A et al., 2012) and computational
thinking (Lockwood et al., 2018). Assessment and feedback are also important to help and
motivate their programming skills (Wang et al., 2017). Once assessment motivates their
confidence, then their interest in programming will increase and the dropout rates will
decrease (O’Brien ef al., 2016). Most of the studies found that the traditional feedback system
does not notify students what the errors are exactly, what type of mistakes they made in
programming assignments. It just assesses what they know, what they can achieve and not
where they failed. It will enhance their ability if it points out exact information.

There are a number of solutions that have been found in order to make assessment easy and
feedback to students where they made mistakes or found difficulties. Some of them are
automated assessments and rubric styled evaluation. Automated assessment system (Qian et
al., 2019) evaluates the student’s program submissions and gives the feedback immediately.
There are a variety of automatic assessment systems available to evaluate student
programming assignments. They support automatic evaluation of student submissions based
on different approaches such as natural language processing, machine learning, image
recognition, targeted feedback, and gamified web systems. The objective of this study is to
compare these automated assessment and feedback systems and approaches in order to
motivate and build up the confidence of novice students in higher education.

2. Related Systems

This paper reviews the following assessment systems with regards to assessment and
feedback techniques for first year programming modules. The reason for choosing these
systems is that they are currently practising in some academic institutions.

Leed's automated assessment and feedback platform (Evans et al., 2020).
CodeRunner — Quiz based programming assessment system (Lobb et al., 2016).
VPL, the Virtual Programming lab for Moodle (Rodriguez-del-Pino et al., 2012)
Browser based pedagogical coding environment (Culligan et al., 2018, Azcona et
al., 2018).

5. 2TSW: Gamified Web Based System (Polito et al., 2019).

BN -
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2.1. Leed's automated assessment and feedback platform

This system (Evans et al., 2020) enables students to receive automatically generated, instant
and personalised feedback. It provides formative feedback to students after each learning
exercise, with feedback usually provided following formal summative assessment. It is
designed for multiple programming languages: C, C++, Python and simulation packages. It
allows electronic submission and students receive the automatic grading with textual
feedback on their submission. It follows a student-centred approach. The drawbacks of the
system are unsuitability for learning management systems as it is a stand-alone system, and
it fails to notify exactly where errors are.

2.2. CodeRunner

CodeRunner (Lobb et al., 2016) is another feedback system which was developed at the
University of Canterbury. It follows the Moodle question type. Therefore, it is suitable for
learning management systems (LMS). It runs millions of student quiz question submissions
in Python, C, JavaScript, PHP, Octave and Matlab. CodeRunner is a Moodle quiz question
type that allows teachers to run a program in order to grade a student's answer. By far the
most common use of CodeRunner is in programming courses where students are asked to
write program code to solve programming problems and that code is then graded by running
it in a series of tests. CodeRunner enables the provision of different possible correct answers
to assess the correctness of student’s programs. These questions can be used in different
computer science areas as well. Adaptive mode is available in Coderunner which allows
students to write the programs to get immediate test case results. If they find any errors, they
can resubmit with correct answers with a small penalty. It is a student-centred approach with
immediate feedback to resubmit for further grading.

2.3. VPL: The virtual programming lab

The VPL (Rodriguez-del-Pino et al., 2012) is an extension to Moodle which enables
academics to assess and grade programming assignments in many programming languages.
It allows students to edit, run and test the computer programs in the browser. It also allows
the academics to automatically evaluate and check plagiarism. It supports many
programming languages: Java, Python, C#, PHP, JavaScript, Matlab and more. It allows the
academics to set up different test cases in order to check student’s submissions. Therefore,
the students are immediately able to receive the feedback about the errors against the test
cases. It helps to manage all the programming assignments on Moodle which makes the
students' learning process easier.

2.4. Browser based pedagogical coding environment (MULE & Einstein)

There are a number of pedagogical coding environments available in use. MULE stands for
Maynooth University Learning Environment. MULE (Culligan ef al., 2018) is an on-line,
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browser-based pedagogical coding environment, for delivering, marking and providing
feedback on coding assignments. This system evaluates and provides feedback for ‘Java’
programs. The major advantage of this system is providing feedback immediately when
learners submit their programming assignments. However, this tool needs to enhance how it
provides error messages to support novice programmers. It follows the unit testing technique
in order to grade.

Einstein (Azcona et al, 2018) is another browser (docker) based learning system for
programming modules. This is a stand alone virtual learning environment and it is in use at
Dublin City University for a number of programming modules. This system lists out the
programming exercises on its dashboard and allows the students to submit their solutions in
‘Python’ language. This system calculates the grades and provides the feedback immediately
against predefined test cases. These both systems do not notify the student as to where the
errors exactly are, how to improve them and what type of the error. However, they both
provide immediate feedback and allow resubmission for improved grading. Also, they do not
run on LMS as they are stand-alone applications.

2.5. 2TSW: Gamified Web Based System

2TSW is a web based assessment and feedback system to assess complex programming tasks
(Polito et al., 2019). It follows the gamified structure to motivate and engage students in
programming tasks. This is a teacher-centred approach as teachers are able to post different
tasks in the module space and students can submit their solutions. Instead of traditional
grading, it provides batches to reward student’s completions along with grade percentages. It
motivates them to attempt different test cases. For failed results, it provides possible feedback
to reattempt the questions. It supports peer feedback as well.

3. Review Criteria & Discussion

In order to investigate the use of assessment and feedback systems for introductory computer
programming modules, the following criteria has been used for effective review of these
systems.

3.1. Feedback types

This criterion defines the types of feedback the assessment systems provide.

e Text feedback
e Audio or visual feedback
e  Peer feedback
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3.2. Assessment approaches

Assessment approaches that the system follows are classified into three types based on the
assessment escalation (Souza 2016).

e  Teacher-centred: Teachers initiate the assessment process in these tools, so students
do not get immediate feedback.

e Student-centred: Students get immediate feedback as they initiate the assessment
process in these tools.

e Hybrid: Either student or teacher can initiate the assessment process and students
get partial feedback.

Table 1. Comparison of Automated assessment and feedback systems

List of
1sto Feedback
Tool Technology Features Languages Approach type
support P
Stand-alone Formative C, C++, Teacher
Leed’s L. Text
application feedback Python centred
Python, C,
Moodle quiz of ython .
Moodle . JavaScript, Student
CodeRunner . programming Text
plugin - PHP, Octave, centred
assignments
Matlab
Many
VPL Moodle Immediate prlo gramming Student Text
anguages ex
plugin feedback . gug centred
including
Python & Java
Stand-alone Immediate Student
MULE L. Java Text
application feedback centred
. . Stand-al I diat Student
Einstein an. a9ne fmediate Python uaen Text
application feedback centred
YTSW Stan(.i-alf)ne Summative C Teacher Text &
application feedback centred Peer
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3.3. Features of the tools

This criterion lists out different features that the assessment systems provide.

e  Electronic submission
e  Automatic assessment
e  Automatic grading

e Immediate feedback

3.4. Assessment system interfaces

This criterion describes the working environment of the systems.

e Learning management system
e Stand-alone system
e  Web user interface

e Integrated development environment

3.5. Discussion

This study revealed that Leed’s, MULE, Einstein and 2TSW are stand-alone systems which
do not support common learning management systems as Coderunner and VPL do as shown
in Table.1. Every system supports different programming languages. Coderunner, Einstein
and MULE are student-centred as students can start to run the system whenever they need
contrast with others. In conclusion, most of the systems have established that their primary
motivation is to provide the feedback immediately as a student-centred approach to help them
understand where the code went wrong, what type of the errors are in the code and the option
to make the changes and re-submit. The 2TSW allows peer assessment where students can
get feedback from their fellow students. Therefore, these assessment systems help the
students to reflect and enable them to learn from the mistakes.

4. Conclusion

This study reviewed different assessment and feedback systems and looked at how they
assess computer programming assignments, how they provide feedback and grading and how
they help academics in online teaching. All of them are very useful in different ways and for
different requirements. Therefore, these systems help the students to reflect and enable them
to learn from their mistakes. However, this study found that there are some drawbacks with
these systems. The primary one is that they assess the students with the same questions, with
no differentiation for student ability. Adaptive assessment is the process for assessing the
students with different abilities with different sets of questions (Chatzopoulou 2010). It
assesses the students repeatedly until they attempt the correct answer in the level. Therefore,
it confirms the students’ knowledge in the level and notifies them the area where they lack
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competence or have difficulties. This study suggests an adaptive assessment for these systems
which fosters student commitment to complete the programming tasks. It would be better to
implement the adaptive assessment in addition to the automated feedback to enhance the
learning process.
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Abstract

Attention to student creativity has triggered a number of educational
transformations in higher education. However, widespread measures of
creativity in higher education are primarily based on a norm-referenced
assessment, which provides minimal information on student performance
against the learning development in creativity. In response to the lack of
effective measures and criteria to link assessment with instruction in creativity
education, this article discusses the process of building an assessment rubric
of creativity based on the standards-referenced model. It is intended to help
teachers and students better understand the learning objectives related to
creativity, as well as to monitor and guide the development of student creativity.
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1. Introduction

Creativity has been regarded as the 3™ in-demand employability skill in the next five years
according to a report ‘The Future of Jobs’ from the World Economic Forum (Anon, 2020).
The increasing value of creativity in the labor market has driven the focus on higher education
as one of the most critical skills for the 21st century (Bapna ef al., 2017). Fostering and
developing creativity is consistently recognised in higher education (Livingston, 2010; Egan
etal.,2017; Gaspar & Mabic, 2015). As a key component of education, effective assessments
can provide a wealth of evidence for improving teaching and learning (Wilson & Scalise,
2006).

However, the lack of effective creativity assessment inadvertently hinders teachers from
identifying and monitoring creativity development in students (Ehtiyar & Baser, 2019).
Psychometric tests of creativity, widely used at all levels of the education system, are based
on a norm-referenced assessment and can only provide minimal information about what
students know and can do in relation to creativity. In this paper, the process of building an
assessment rubric of creativity based on the general procedures proposed by Tognolini (2018)
is discussed to provide a new possibility for the future development of creativity assessment
in higher education.

2. Limitations of current measures of creativity in higher education

A summary of existing creativity measures reflects the widespread use of psychometric tests
in creativity assessment in higher education (Bapna et al., 2017). In higher education, the
priority of representing and measuring student creativity will be given to the creative process
and the creative outcome. The creative process, referring to the development of thoughts and
actions toward original and appropriate outcomes (T. I. Lubart, 2001), can be examined
through various tests of divergent thinking, such as Guilford’s Alternate Uses Test (AUT)
and Torrance’s Test of divergent thinking (TTCT) (Guilford, 1966; Torrance & Ball, 1984).
On the other hand, creative outcomes focus on the destination of the creative process (Barron,
1955), which is typically measured by the Consensual Assessment Technique (CAT), a
subjective evaluation judged by experts or participants on a Likert scale without specific
criteria for the rating (Amabile, 1982).

For instance, in investigating the effects of different teaching strategies, including
brainstorming and games, on adult students’ creativity, Tsai (2013) applied the CAT to
measure the creative outcomes of students’ collages. Similar studies related to the
relationship between brainstorming techniques and creativity have used idea generation tasks
from the TTCT or the CAT to measure student creativity (Al-Samarraie & Hurmuzan, 2018).
In a study analysing the prediction of creativity and critical thinking on students’ success in
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completing excellent programs, creativity was represented by the fluency index in the AUT
(Leest & Wolbers, 2021).

However, the assessment theory that underpins tests of divergent thinking is the traditional
norm-referenced model, in which creativity is scored by comparing students’ performance
with their peer cohort (Torrance & Ball, 1984; Pi, Hong, & Hu, 2019), rather than against a
pre-determined standard. The meaning behind the numbers of measures is more important
than the numbers themselves because it provides meaningful information about what students
know and can do with respect to a construct, helping teachers better understand students’
creativity and develop appropriate instructions (Tognolini, 2018). Findings from an
investigation of student and teacher perceptions of creativity at the University of Mostar
underline the significance of building a rubric as a common and explicit learning goal to
promote creativity education (Gaspar & Mabic, 2015). Understanding the fairness and equity
of an assessment rubric, Cuenca and his colleagues (2016) established a holistic rubric on
innovation, creativity, and entrepreneurship in the undergraduate curriculum, although it is
criteria-based that only demonstrates different levels of output characteristics, rather than
cognitive development.

The contention is that if a rubric designed to measure student creativity could be developed
to provide evidence of student performance related to creativity, it would be possible to
position students along with a rubric that would measure student creative performance in
terms of what they know and what they can do. Once this is done, it will be possible to foster
and assess student performance in creativity in daily instruction.

3. Standards-referenced assessment

Unlike norm-referencing, where student achievement is measured by comparing it to that of
their peers, standards-referencing measures student development by referencing student
achievement on a construct-related assessment rubric. The standards-referenced model is
built upon the criterion-referenced model. Instead of concentrating on expected behaviors in
specific courses or examinations, standards-referencing produces a pre-determined scale
using items to define growth along a developmental continuum (Andrich & Marais, 2019;
Bond & Fox, 2007). A progression continuum can describe what students should know and
can do about knowledge, skills, and understandings in a learning area at different progressive
stages (Masters & Forster, 2010).

Generally, there are three steps to building up an assessment rubric (Tognolini, 2018). The
first step is to clearly define the construct, which is creativity in this case. Second, a set of
progress variables aligned with the definition will be identified as the components of the
measurement. Finally, the levels of learning achievements which refer to performance
standards, will be used to provide a qualitative interpretation of student performance relative
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to the rubric. Take creativity as an example, its performance standards should answer how
much students have performed along the developmental trajectory of creativity. Once an
assessment rubric is developed, it is still a long way from being finalised and needs to go
through multiple rounds of the validation process to ensure the effectiveness and objectivity
of the rubric in practice.

4. Process of building an assessment rubric of creativity

This section demonstrates the process of building an assessment rubric for measuring
creativity in higher education based on the standards-referenced model, as shown in Figure
1. It is not intended to generate a uniform definition and rubric of creativity, but to perceive
the process and adapt it to a variety of educational settings to suit different educational goals.

Construct Element Component Performance Standard

Creativity <

Outcome

s

Figure 1. The procedure of building an assessment rubric of creativity

4.1. Define the construct

Creativity is well understood as a multifaceted capability that involves different influences,
such as divergent thinking, personality, motivation, and even environmental factors (Lubart,
2011). Instead of answering the question, ‘what tools can be used to measure creativity’,
educators should first consider ‘what is it going to measure in relation to creativity’ (Runco,
2009). Evaluating all factors simultaneously can disrupt the creative process, and the validity
of assessing each factor separately at different times needs to be questioned (Fryer, 2009)

The excessive focus on creative outcomes in higher education has been criticised for some
time, and there is a growing call for attention to and measurement of creative processes
because of its ongoing impact on competency development (Runco, 2009). A study on the
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development of criteria to assess creative outcomes in accounting programs reflects the
dominant role of “product-oriented” measures of creativity in higher education (Rensburg et
al., 2021). It is well known that there is no universal definition of creativity to date, and
different definitions of creativity serve different purposes. A contextualised and appropriate
definition of creativity should be in alignment with a specific purpose. If a consensus can be
reached on the value of the creative process and the product within a particular context, it is
important to develop a clear definition of creativity that includes these two important
elements.

4.2. Deconstruct the definition and identify observable components

If the creative process and creative outcome are recognised as the two main elements of the
definition, the next step is to break them down and select crucial and measurable components
regarding the process and product that match the goals and context. Either a ‘top-down’
process, a ‘bottom-up’ process, or a mixture of both can be used to determine the observable
variables as the components of the measurement.

A ‘top-down’ approach starts with a literature review. By critically reviewing literature
associated with the targeted element, appropriate and observable variables can be selected
and synthesized as the components of the rubric. Take the creative process as an example,
the components in the Four-Stage model (Wallas, 1926) and its associated theories can be
the starting point, where the concept of the creative process can be extended to the creative
potential for different purposes (Lubart, 2011). A protocol of a scoping review of the
literature presented by Egan et al. (2017) is an example of a research-based process in
defining creativity. It is worth noting that multiple influential factors in the creative process
make it easy to get lost in identifying measurement indicators. Constantly reviewing the
purpose and context of classroom assessment can be effective in helping to select the
appropriate components.

An opposite approach is a “bottom-up” process, where components are selected from
experienced lecturers or policymakers through empirical data such as interviews or surveys.
The process of developing the Six-Facet-Model, which summarises six channels for
observing student creativity through interviews and online surveys with lecturers, is a typical
“evidence-based” approach (Jankowska & Karwowski, 2015). Considering the advantages
and disadvantages of both methods, using a hybrid approach for the construction and
validation process can enhance the effectiveness of the rubric.

4.3. Describe performance standards

Performance standards, also called a developmental continuum, describes the typical order
of learning development about the knowledge, skills, and understandings of a learning area
(Masters & Forster, 2010). It clarifies how well the students perform in relation to the

139



Build an Assessment Rubric of Student Creativity in Higher Education

construct (Tognolini & Davidson, 2012). When it comes to creativity, it is easy to fall into
the trap of focusing on the characteristics of the output and ignoring the description of
learning development, especially when students’ creativity is assessed only through creative
products. One strategy to effectively avoid this mistake is to think about “why a student can
reach this level or why a student can produce this output”.

In addition, different taxonomies of learning, such as Bloom’s Revised Taxonomy (BRT)
and the Structure of Observed Learning Outcomes (SOLO) Model, can be utilised to better
describe and distinguish between different levels of performance standards. Moreover,
accessible language should be used in performance standards to make them user-friendly,
since the customers of the assessment rubric are teachers who are already overloaded with
tasks in their daily teaching.

Once an assessment rubric of creativity is developed, the opposing view between teachers
and students on the evaluation of creativity cultivation in higher education (Gaspar & Mabic,
2015; Ehtiyar & Baser, 2019) can be overcome. Teachers and students can get a
comprehensive understanding of their learning objectives because the construct of creativity
is clearly described in the definition of the first step and is continuously unpacked in the next
step with specific descriptions provided in the rubric.

5. Conclusion

The prominent role of a rubric and the need for criteria in measuring creativity have been
recognised in promoting creativity education in university education (Ehtiyar & Baser, 2019).
Assessment rubrics based on the standards-referenced model have become an emerging topic
in measuring individual competency as its effectiveness in linking assessment to instructions
(James Tognolini, 2018). The application of assessment rubrics of creativity allows teachers
to monitor students’ learning progress over time and adjust their scaffolded instruction
accordingly, while students can self-monitor their progress in a timely manner by referencing
their performance to the standards. This article conceptualises an assessment rubric of
creativity based on the standards-referenced model, which can be further achieved through
an in-depth analysis of the literature and a wealth of information from educational practice.
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Abstract

The current study focuses on Spanish undergraduate students enrolled in
Meteorology-related subjects that would make use of weather forecasts in their
future professional careers. The main aim of this study is twofold. Firstly, to
evaluate the students’ confidence in the current weather forecasts. Secondly,
to analyze the students’ perception and understanding of uncertainty
associated with weather-related forecasts. To address these issues, a Google
Form questionnaire was developed. A total of 101 students participated in the
corresponding survey during the academic year 2018-2019. Results show that
students have a well-founded opinion and a fairly solid knowledge of weather
forecasts, both regarding confidence and in relation to the trend found in the
current weather forecasts towards less accurate predictions for larger lead
times. The results found in the current study are in line with previous research
conducted in different specific contexts and should be taken into account to

implement different learning strategies in the classroom.
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students.
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1. Introduction

Weather predictions have been used in the classroom as part of the learning process in order
to facilitate students to better understand complex theoretical concepts as well as different
atmospheric processes addressed in the corresponding lectures (Morss and Zhang, 2008;
Bond and Mass, 2009; Schultz et al., 2015; Suess et al., 2013; Gomez Doménech et al., 2016).
In addition, the usage of weather forecasts in an educational environment provides students
with first-hand experiences to visualize and contextualize different theoretical concepts and
handle available information. In this regard, Schultz et al. (2015) pointed out that weather
forecasts used in the classroom stimulate different levels of Bloom's taxonomy (Bloom,
1956), such as application, analysis, synthesis and evaluation, as well as critical thinking.
However, Gomez Doménech and Molina Palacios (2018) found that the use of these models
still shows some difficulties regarding how students interpret the uncertainties associated to
the weather-related forecasts. This can be a serious limitation for their use if students’
expectations on the forecasts skill are far from the current forecasting capabilities.

The aim of this paper is to perform an exploratory analysis to assess to what extent Spanish
students enrolled in subjects related to physics interpret correctly the uncertainty of weather
predictions as well as determine how they perceive the forecast of the different weather
elements. Specific objectives have been defined in this sense: to evaluate students’ perception
on the weather forecasts and their trust on the accuracy of predictions; to analyze the degree
of knowledge of students on the uncertainties of the predictions; to find out how students
value forecasts of different weather elements. A survey has been used for these purposes
including questions developed in previous studies focused on analyzing these same issues on
member of the general public (Morss et al., 2008; O’Hanrahan and Sweeney, 2013; Zabini et
al., 2015; Kox et al., 2015). These previous studies have highlighted the need to further
testing their results in other contexts. The current work spreads previous research topics, but
now focused on Spanish undergraduate students. It is intended to yield valuable information
regarding different questions related to their perception and confidence on weather forecasts
as well as how these predictions may be effectively used and introduced in the classroom.

2. Methodology

101 individuals enrolled in the Degree in Marine Sciences (University of Alicante, UA), the
Degree in Environmental Sciences and the Degree in Physics (University of Valencia, UV)
have participated in the current work. The study design was based on the application of a
non-experimental quantitative method, and a cross-sectional exploratory and descriptive
design, through a survey. There are, thus, three different groups. The first group corresponds
to the optional subject “Introduction to Meteorology”, taught in the 4™ year of the Degree in
Marine Sciences at the UA; the second group corresponds to the compulsory subject
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“Meteorology and Climatology”, taken in the 2"¢ year of the Degree in Environmental
Sciences at the UV; while the third group corresponds to the subject “Atmospheric Physics”,
taught in the 2" year of the Degree in Physics at the UV.

A questionnaire directly focused on the research goals of the current study was used to gather
student’s information. The questions used in this questionnaire were drawn from previously
published studies (Morss et al., 2008; O’Hanrahan and Sweeney, 2013; Kox et al., 2015;
Zabini et al., 2015). The first question of the survey (Q1) is related to the frequency with
which students perceive they receive an inaccurate weather forecast. The degrees of
perception in this case are the following: “Very often®, “Often®, “Sometimes*, “Rarely*, “I
don't know*, and an additional point called “Other (six-point Likert scale). The second
question (Q2) refers to the confidence that students have in weather forecasts for different
lead times: “Less than a day*, “1 day®, “2 days*, “3 days®, “5 days®“ and “7 to 15 days®, from
the publication of the corresponding forecast. The degrees of confidence in the corresponding
prediction for each of these periods are: “Very low*, “Low*, “Medium®, “High*, “Very high*
(five-point Likert scale). Finally, students’ confidence in the accuracy of the prediction of
different weather elements: temperature, wind speed, probability of precipitation and amount
of precipitation (Q3).

3. Results and discussion

Fig. 1 shows the answers related to the confidence of students in weather forecasts (Q1). 28%
of students experienced wrong forecasts “Rarely”, whereas 62% experienced wrong weather
forecasts “Sometimes”.
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Figure 1. Percentage of responses related to the frequency with which students perceived incorrect weather
forecasts.
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Comparing the current results shown in Fig. 1 with those previously obtained by O’Hanrahan
and Sweeney (2013) among the Irish public, a similar distribution of results is found in both
studies. In this regard, O’Hanrahan and Sweeney (2013) concluded that 25% and 46% of
their survey participants considered weather forecasts “Rarely” and “Sometimes” inaccurate.
At the other end, 25% of the Irish public experienced weather forecasts as inaccurate “Often”
or “Very often”.
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Figure 2. Percentage of responses related to the confidence in weather forecasts for different lead times.

Fig. 2 displays that students’ levels of confidence in weather forecasts lead times (question
Q2). 65% of the answers showed a very high level of confidence in forecasts for lead times
of a few hours. In addition, medium-high confidences were obtained for 2-day forecasts. For
5-day forecasts, 51% of the answers corresponded to “Low” confidence levels, while the
confidence was “Very low” for forecasts lead times of 7 days or higher, with 51% of the
answers. From Fig. 2, it seems clear that confidence decreases as the forecast lead time
increases. The results shown in Fig. 2 are coincident to those found in other previous works
(e.g. Morss et al., 2008; Zabini et al., 2015). For instance, O’Hanrahan and Sweeney (2013)
showed that, on the one hand, 48% of students experienced very high levels of confidence in
the forecast lead times of a few hours, whereas only 2% reported this same confidence in the
longest forecast lead times (more than 7 days). On the other hand, no answers were obtained
for very low confidence levels for time scale forecasts lower than 24 hours. Morss et al.
(2008) obtained that 40% of the answers of their respondents reported a very high confidence
in forecast lead times lower than 1 day, while less than 2% showed a very low confidence
considering this time interval. Lazo et al. (2009) concluded that nearly half of the answers
reported a medium confidence in predictions within the first 3 forecast days and a similar
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percentage (47%) reported a very low confidence in forecast lead times of 7 days and beyond.
Similar results were reported by Joslyn and Savelli (2010), Zabini et al. (2015) and Kuonen
et al. (2019). Likewise, Kox et al. (2015) found that the confidence in 2-day forecasts was
higher than the confidence in 7-day forecasts. The results found in the current study,
therefore, confirms the correct understanding of students that forecast uncertainty increases
for longer lead times (Vitart, 2014).
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Figure 3. Percentage of responses related to the confidence in weather forecasts for different weather elements.

Fig. 3 shows the confidence in the 24-hour weather forecasts for different weather elements:
temperature, amount of precipitation, probability of precipitation and wind speed. Among
these weather elements, temperature forecasts are rated as those with the highest confidence
and the amount of precipitation is the one with the least confidence levels among students.
However, the confidence levels for the probability of precipitation were rated high-medium,
similarly to the wind speed. In addition, “Very low” level responses were only obtained in
the case of the probability of precipitation. These results agree with those previously found
by Morss et al. (2008). In this case, temperature forecasts were as well rated with the highest
confidence. In contrast, the lowest confidence was reported for amount of precipitation
forecasts, whereas the probability of precipitation presented an in-between confidence.
Considering expectation ranges in different weather elements, Joslyn and Savelly (2010)
showed wider expectation ranges in the case of wind speed compared to temperature
forecasts, thus indicating a lower confidence in these weather forecasts. Regarding wind
speed, an intermediate confidence is also found for this magnitude in the present work.

Demuth et al. (2011) evaluated the perceived importance of and confidence in forecast
information. They concluded that among the different weather elements, temperature and
precipitation were the most relevant ones. Therefore, students in the current study have a
clear understanding that the forecast of some weather elements presents a higher uncertainty
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than others, in agreement with members of the general public (Morss et al., 2008). These
results are in line with those obtained in different studies related to operational Numerical
Weather Prediction (NWP) systems (Gomez et a., 2014). Moreover, it appears that confidence
in forecasts addressing probabilities, such as precipitation chance, is higher than confidence
in forecasts addressing absolute values, such as wind speed or precipitation amount.

4. Conclusions

The results found in the current study show that students appear to accept that forecasts are
not perfect as they expect some degree of uncertainty. They reported well-founded intuitions
about uncertainty on a practical level and a well-formed opinion on weather forecasts. In this
regard, students are aware of the fact that larger errors on longer-term forecasts are expected.
The outcomes obtained in the current study have also been compared with to date preexisting
literature. This issue has permitted us to answer three different questions. Firstly, whether the
same research questions are comparable among different contexts and cohorts. Secondly,
whether the responses to the same research questions have evolved and changed over time.
And finally, whether responses among undergraduate students are different from those
reported by members of the general public and students in different countries and contexts.
As a general conclusion, we may say that the outcomes of the current work support and
reinforce previous research studies regarding confidence on weather forecasts, but in this
case applied to undergraduate students in a pedagogical context. Understanding students’
preexisting concepts related to the forecast uncertainty is important for designing and
developing teaching and learning strategies directed to establish when and how to provide
additional forecast uncertainty information in the classroom. In this regard, considering the
usage of open and available models and weather forecasts to introduce complex
meteorological concepts in the classroom should first explore the perceptions, expectations
and confidence of students in weather forecasts. Previous studies have been focused on the
general public, whereas this study focuses on undergraduate students that have a scientific
education. Therefore, the comparison conducted in this study may be considered as a
limitation. In this sense, extending the study to the general public would be an interesting
topic bearing in mind the need of comparing the results among people with different levels
of formal education, but sharing the same cultural background. The results of such a study
would yield a broaden perspective on the research questions addressed in the current study.
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Abstract

The main objective of this research is to analyze the influence that co-
assessment has on the students' learning process and to analyze whether
there are differences regarding the teacher's grades (hetero-assessment), the
grades awarded by the students (co-assessment), and the grades that the
students award themselves (self-assessment). In addition, the attitude of the
students when using co-evaluation as a learning system want to find out.
When analysing the data collected, it can be seen that the students are
satisfied with the use of co-assessment, showing great involvement.
Moreover, co-assessment, self-assessment and teacher's marks are positively
correlated. Most of the self-assessment marks coincide with the teacher's
marks, albeit there are 20% of students who do not coincide.
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1. Introduction

According to Dicheva et al. (2015), traditional evaluation methods do not achieve their
main objective according to the opinion of the students themselves, which is to teach. Thus,
it is suggested that this traditional form of teaching should be superseded and, therefore,
replaced by a wide range of more innovative and sophisticated methodologies, something
that, on the other hand, seems to be taking place in recent years.

In relation to the above, new assessment modalities are recently being incorporated, such as
self-assessment, peer assessment or co-assessment, however, several difficulties are being
encountered. The disconnection between a conventional teaching staff and new innovative
teaching techniques, together with the institutional inertia of universities, put traditional
exams before advanced solutions to the challenges posed by evaluation (Rodriguez et al.,
2010).

During the realization of this work, we have found that, although there are numerous
research that focus on this topic and develop it in a fairly broad way, there are areas that are
still unexplored and that it would be beneficial to address. It could be said that there is a gap
in the research that lies in how learning could be improved through the use of co-
assessment. Should we provide the student with different exercises so that they can evaluate
exercises different from their own? Or should the student evaluate the same exercise to see
different response options or that by mere repetition consolidate that learning? (Cavas
Toledo et al., 2010).

In this work, as a general objective, we are going to focus on analyzing the influence that
co-assessment has on the students' learning process and analyze whether there are
differences between the teacher's marks, the marks given by the students (co-assessment),
and the grades that students give themselves (self-assessment). With these learning
techniques we want to check if the student is capable of acquiring the necessary skills to
self-assess, getting a more realistic view of his/her abilities (Valdivia, 2008). In addition,
we want to analyze the attitude of students towards the general use of co-assessment and
satisfaction and what factors may influence it.

2. Co-assessment and self-assessment in the learning process

Co-assessment, also called peer evaluation, is defined as an evaluation that is carried out
jointly between teachers and students, in which reaching a consensus on the assessments
provided is paramount (Ruiz and Serra, 2017). Topping (2018) distinguishes two types
within peer review. On the one hand, quantitative co-assessment, which consists of
providing the student with a numerical grade, without offering feedback and, therefore, the
possibility of discovering its errors and improving them in the future. On the other hand,
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formative co-assessment consists of giving verbal feedback, where both the teacher and the
students intervene so that the evaluated colleague sees her weaknesses and strengths and
sees the way in which she can improve her work. In this paper we are going to focus on
formative co-assessment.

On the other hand, we also consider self-assessment as an important tool in the learning
process. In self-assessment, students assess themselves and in co-assessment, it is the
classmates themselves who, following the teacher's instructions, are responsible for
carrying out the assessment process. One of the great advantages of these two evaluation
methods is that students achieve a great habit of reflection, in which they are able to
analyze their own mistakes and, therefore, improve their development (Valero-Garcia and
Cerio, 2005). In addition, Topping (2018) states that in the long term they can develop both
communication and collaboration skills.

These assessment techniques can also be used online and are much more flexible than if
used face-to-face, where we can monitor the activity of the students, and recapitulate a
great source of information where we see the progress of each one. In addition, the teacher
can also choose two types of online communication: asynchronous, where students do not
have to meet simultaneously, that is, there is no temporal coincidence between sender and
receiver; and synchronous, when there is online communication, which can be achieved
through various software such as Skype or Zoom (Pacheco, 2010). Both types of evaluation
are used in the present study.

Other authors maintain that the use of self-assessment accompanied by a support process
from the teacher helps to improve relationships between teachers and students, losing the
level of verticalization that characterizes traditional teaching and promoting greater
commitment and involvement by students (Vidal et al., 2014). In addition, it helps teachers
analyze the results obtained on the self-assessment of each student to make a predictive
diagnosis and develop learning strategies that are adapted to the group (Vidal Tallet et al.,
2014).

When Boud and Falchikov (1989) collected several investigations on the self-assessment of
students, they realized that the best students scored below the teacher's grade, since they
were more realistic. On the other hand, the students with more difficulties were scored
above the theacher’s grade. Therefore, we pose the following research question:

RQI: Is there a relationship between the students' self-assessment grade and the teacher's
grade (hetero-assessment)?
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3. Student behavior on co-assessment: antecedents and consequences

To analyze the attitude of students towards the general use of co-assessment and what
factors can influence it, different concepts from the literature have been used that can act as
antecedents and consequences. After a review of the literature, it has been observed that the
student's behavior towards co-assessment can be influenced by the degree of involvement
that the student has (how much effort is made to do the co-assessment), its usefulness for
learning, the motivation, the interaction that it allows with colleagues and the final
satisfaction with the methodology. Based on an extensive review of the literature, we
propose the following hypotheses (see Figure 1):

HI. The degree of student involvement in the co-assessment helps to improve the attitude
towards the co-assessment.

H2. The degree of student involvement in the co-assessment has a positive influence on
greater student satisfaction.

H3. The perceived usefulness of co-assessment in the learning process positively influences
the attitude towards co-assessment.

H4. The perceived usefulness of co-assessment in the learning process has a positive
influence on the degree of student involvement in co-assessment.

H5. Attitude through the use of peer-assessment positively influences satisfaction.

H2
+ HA1 Satisfaction
H5
H3
Perceived /
usefulness

Figure 1. Proposed model for studin g student behaviour on co-assessment.

4. Methodology

A Web-based survey was distributed by e-mail to students of Marketing and Business
Administration from University of Murcia (Spain) in the academic course 2020/2021. We
obtained a final sample size of 88 students. The constructs used in our study were adapted
from previous studies: satisfaction (Chaiyo and Nokham, 2017), loyalty (Petri et al., 2016),
attitude (Huang et al., 2012) and usefulness (Rodriguez-Fernandez, 2017). Moreover, it
also was added questions about involvement and opinion about co-evaluation. Additionally,
the data obtained in the survey has been crossed with the data collected from the subjects
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under study. Specifically, the grades compiled from an online synchronous communication
that has been developed on the Zoom platform have been used, since due to the pandemic
the subjects were taught online. Within these grades, we find the qualification of both the
teacher and the students on the work of their classmates (co-assessment), as well as a self-
assessment grade, that is, the one that the student himself has qualified his work. We also
have the final mark of the subject, which includes the continuous evaluation and the final
mark of the exam, which has been carried out in person (offline). Regarding the analysis,
for developing descriptive analysis we have used the SPSS software, and for testing the
proposed model using PLS Structural Equation Modelling, we have used SmartPLS 3.0.

5. Analysis of results

To answer the research question about whether there is a relationship between the students'
self-assessment grade and the teacher's grade, a correlation analysis has been carried out
and a positive and significant correlation has been obtained between the teacher's grades,
the co-assessment mark and the self-assessment mark (r>0, p-value<0.01). On the other
hand, if we recode the grades into two groups, the first group called "below average" with
grades ranging from 0 to 7.5 and the second group called "above average" with grades from
7.5 to 10, we observe that there is a relationship between the self-assessment marks and the
teacher's marks (3>=29.42, sig.=0.00). As we can see in Table 1, of the students that the
teacher has qualified below the average, 74.3% coincide with his criteria, while there is
25.7% of students who consider that they are above the average on their self-assessment.
On the other hand, the students that the teacher has rated above average, we can see that
there are 85.1% of students who match their criteria since they have self-rated above
average, however, there is 14.9% of students who are above average who have rated
themselves below average.

Table 1. Contingency table between recoded self-assessment and teacher’s grades.

Hetero-assessment (teacher’s grades)

Bel Ab .
cow ove Total Chi-square p-value
average average
Self Below average 74.3% 14.9% 40.2%
. Above average 25.7% 85.1% 59.8% 29.42 0.00
assessment
Total 100% 100% 100.0%

In Table 2 we have performed a bivariate analysis, where we can see how there is a
significant correlation between satisfaction and self-assessment grades and teacher’s grades
(p-value<0.05). In addition, the two correlations are positive, being higher in the self-
assessment grade variable with a Pearson correlation value of 0.433, while the teacher
grade variable obtains a value of 0.222. Therefore, by increasing teacher and self-
assessment grades, satisfaction increases, and vice versa. In the variables loyalty, attitude
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and usefulness there is only a significant correlation with self-assessment grades, in
addition, all these correlations are positive since we obtain a Pearson correlation value of
0.368 in loyalty, 0.363 in attitude and 0.338 in utility, therefore, by increasing the self-
assessment grade, loyalty, attitude and usefulness will increase, and vice versa. Finally, we
can see a significant and positive correlation between self-assessment and degree
involvement and teacher's scores and involvement, with a Pearson correlation value of
0.459 in self-assessment and 0.294 in the teacher's score variable. Therefore, by increasing
the self-assessment marks and the teacher's marks, the involvement increases and vice

versa.

Table 2. Pearson correlation analysis between grades and behavioral variables.

Self-assessment Co-assessment Hetero-assessment
grade grade grade
Satisfaction 0.433"" 0.097™ 0.222™
Loyalty 0.368"" -0.030"™ 0.152™
Attitude 0.363"" 0.074"™ 0.196™
Usefulness 0.338"" -0.004 ™ 0.169"
Involvement 0.459™ 0.122" 0.294™""

***p-value<0.01;**p-value<0.05; ns=non-significative.

Subsequently, we have carried out regression to analyze whether the three marks (self-
assessment, co-assessment and hetero-assessment) influence satisfaction, loyalty, attitude
and usefulness towards these evaluation systems. Table 3 shows only the significant
relationships. We can conclude that the higher the grade that the student gets in the self-
assessment, the greater the satisfaction, the loyalty (wanting to apply the peer-assessment in
the future), the attitude towards the peer-assessment, and the perceived usefulness in

learning.
Table 3. Simple linear regressions.
Relationships Coefficients p-value
Self-assessment grade > Satisfaction 0.361%*** 0.002
Self-assessment grade = Loyalty 0.327** 0.016
Self-assessment grade = Attitude 0.278** 0.026
Self-assessment grade = Usefulness 0.273** 0.039

Independent variables: grades; Dependent variables: behavioral variables. ***p-value<0.01; **p-value<0.05

On the other hand, a structural equation modeling (SEM), specifically partial least squares
(PLS), is proposed to assess the measurement and structural model. SmartPLS 3.0 software
was used to analyze the data. After concluding that the scales used in the study provided
sufficient evidence of reliability and validity, we test the structural model. Table 4 shows
the hipotheses testing. The results confirm that the perceived usefulness of co-assessment
influences the student's involvement and positive attitude towards this system. In turn,
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greater involvement and a positive attitude influence greater student satisfaction. However,
we have observed that greater student involvement does not influence a more positive
attitude towards co-assessment.

Table 4. Hypotheses testing of the proposed model.

Hipotheses Coefficients p-value
HI. Involvement = Attitute 0.050ms 0.413
H2. Involvement = Satisfaction 0.178*** 0.000
H3. Perceived usefulness = Attitude 0.878%** 0.000
H4. Perceived usefulness = Involvement 0.434%** 0.002
HS5. Attitude - Satisfaction 0.798*** 0.000

6. Conclusions

The students state that learning through co-assessment has helped them in their
involvement and usefulness in the subject, and they are also satisfied, indicating that they
would repeat this learning method again, as shown by their high degree of loyalty.

The mean of the self-assessment, co-assessment and hetero-assessment are very similar,
and they are also positively correlated. However, when we analyze the frequency table, we
appreciate how difficult it is for students to qualify their classmates as failing, as well as
with an outstanding grade. It is also curious how the students' self-assessment grades find it
difficult to qualify as outstanding compared to the grades obtained by the teacher (hetero-
assessment.

On the other hand, when making the hypotheses to find out if the students score above or
below the teacher, we are surprised to observe how approximately 1 out of 5 students who
are below the average score above the teacher, a similar case that is repeated with students
who are above average, since approximately 1 out of 5 are scored below the teacher's grade.

It should be noted that the analysis of the linear regressions has shown us how involvement
in co-assessment helps to improve both the student's attitude and satisfaction, since when
the student is involved in new study techniques that help improve their learning, their
attitude and satisfaction increases. In addition, as hypotheses 3 and 4 prove, co-evaluation
has been useful for them, which has positively influenced their attitude and involvement.
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1. Research Background

With the rise of Covid-19, higher education has undergone a major transformation. Prior to
the pandemic, many universities offered online courses, but the majority of universities were
characterised by face-to-face teaching. The aim of this research is to find out students' and
teachers' opinions on online education introduced in the first phase of Covid. The research
also intends to find out in which areas do students and teachers have a more negative and in
which areas a more positive opinion. The aim with this survey is to get feedback from
students and faculty members on the online education which they experienced during Covid.
In this study, we present the opinions of the two target groups, the similarities between the
opinions and the correlation between the responses, and cluster the students and the teachers
into groups according to their attitudes towards online education.

There has been a lot of research on the introduction of online education under Covid-19. In
the literature review, we provide an essential overview of the research findings that present
the opinions and experiences of both students and faculty members in relation to online
education. Rafique et. al. (Rafique, 2021) conducted a survey involving 340 students to draw
attention to several factors: (1) the interactivity of online education, including students' lack
of self-efficacy in posting questions during an online discussion. As a result, the students
performed poorly during the semester; (2) the students lacked knowledge in the use of IT
tools and needed to be taught by the IT department of the university; (3) lack of knowledge
about the organisation of learning, insufficient time management. They found it difficult or
impossible to keep their attention focused solely on learning; (4) The role of university
administration was also highlighted (Nambiar, 2020). A monitoring system should be
established to monitor student activity during online classes. Tang et al. (2021) also examined
the faculty and student side in their study. A total of 35 measurement items were used and
“five contributing factors, technology readiness, self-directed learning, learner control,
motivation for learning, and online communication self-efficacy, were used for investigation
(Tang, 2021, p. 13.).

According to these suggestions include the importance of lecturers to offer different solutions
for students with different attitudes: more active group work, designing online tools to
increase learning efficiency. For lower level students, more intensive online activities should
be introduced, such as virtual games. A new area of technological problems related to online
education is highlighted by Augustina and co-authors (Augustina et al., 2020). Not only for
students in higher education, but also for secondary school students, there was a lack of direct
communication between teachers and students.

Mulenga, & Marban's (2020) survey in Zambia also draws attention to the former factors. In
addition, a similar conclusion was reached by Adnan, M., & Anwar, K. (2020) in a study
conducted in Pakistan. Based on their research, it can be said that online education cannot be
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effective in developing countries like Pakistan. The reason for this is that a significant
proportion of students do not have the financial and the technical means to participate in
online classes (Mukhtar, et al. 2020). In such countries the biggest problem was the lack of
personal interaction and socialization (Mahmood, S. 2021).

The difficulty and lack of networking is highlighted by Slimi (2020) in his study in Oman.
In addition, there was a lack of student cooperation and inadequate student time management.
A survey in Jordan found similar results. Although some students were satisfied with online
learning, a larger proportion of them missed face-to-face interaction. Students felt more
isolated during online education, Alawamleh (2020). Adedoyin & Soykan, E. (2020) propose
a solution to the problems of technological and network connectivity by suggesting that
educational institutions should cooperate with telecommunication companies. Companies
can subsidise internet subscription costs or provide free browsing for students.

A further solution could be the widespread deployment of 5G to ensure adequate internet
connectivity, in which policy makers, service providers and educational institutions should
work together (Shah et al, 2021). Koénig and colleagues found that teachers who kept in
regular contact with their students and their parents and used effective and modern
educational software and platforms were more effective in online education than teachers
who did not. (Konig et al 2020).

Asynchronous methods are of particular importance for students with poor internet
connections (Lapitan et al., 2021). The authors note that their method could be applied in the
future to school closures due to natural disasters or other cases where taking immediate action
is required. Chiu (2020) discusses the motivation of students and how to increase the
effectiveness of teaching. Student motivation can clearly be increased by giving students
more autonomy from the instructor.

In his 2021 paper, Chiu details the challenges related to online education that, in his opinion,
need to be addressed by researchers and educators alike. (1) understanding the motivation
process is important (2) preparing students for online learning: autonomy, collaboration,
digital skills. (3) taking into account students' psychological needs and providing emotional
support and development (4) strengthening technological and social support (5) bridging the
gap between theory and practice by educators (6) supporting teacher well-being (7)
supporting learning for special needs groups (8) conducting policy comparative studies.

Partly similar results were obtained in a study carried out in the Kingdom of Saudi Arabia
(Almusharraf & Khahro, 2020). The trainers and students agreed on the specific use of the
online platform, the evaluation system, the possibilities for technical support and the training
workshop. Students were the most satisfied with Google Hangouts and least satisfied with
Moodle. However, the study points to the need for further research into how practical training
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can be delivered effectively in the online space. Furthermore, new innovative teaching
techniques and assessment methods need to be developed.

2. Methodology

The aim of the primary research is to find out the views and experiences of students and
teachers about online education. Our research questions are: What correlations can be
identified between students' and teachers' experiences of online education? Is it possible to
classify teachers and students into different clusters based on their opinions? The primary
research consists of two parts: in the qualitative research, focus group interviews were
conducted (2-2 interviews with teachers and students). During the focus group research, we
identified the areas that stakeholders considered important or in need of improvement.
Quantitative research was then conducted for both stakeholders. The questionnaires differed
only regarding the demographic question, so the results can be compared across stakeholders.

The questionnaire consists of two parts, both open and closed questions (using a 4-point
Likert scale): (1) What do respondents consider important for effective online education? (1
open question; 7 closed questions); (2) What changes do respondents consider important for
online education? (1 open question; 4 closed questions)

The demographic questions were designed to ensure that the respondents could not be
identified at a later stage. The questionnaires were sent to students and teachers in online
format at the faculties of economics, law, engineering and teaching at the university. A total
of 304 student and 59 faculty responses were received.

3. Findings

After examining the answers of the survey, based on the average of the responses, the
respondents consider the factors listed in the questionnaire to be equally important in relation
to online education, and think that the development of the areas listed in the questionnaire is
uniformly considered necessary. Both faculty members and students gave an average score
of around 3.5 on a scale of 4 for the items listed.

The availability of hardware and software tools, ongoing communication between teacher
and student, the flexibility of the requirements system, and adherence to a pre-announced
schedule are considered by both faculty and students to be important building blocks for
effective online education. Each factor received an average above 3 from both groups.

However, a significant difference can be observed between the two stakeholders in terms of
the following aspects. Students consider it particularly important (average 3.71) that
instructors make the curriculum and materials available to them from the beginning, as
opposed to instructors who do not really consider it important (average 2.89). The same
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difference can be observed with regard to the communication interface: students seem to be
more in demand of teachers sharing the curriculum on a uniform interface (average 3.35),
while teachers are less concerned with this (average 2.75).

We can observe a reversed attitude towards resources: students are less interested in the
institution providing the resources needed for teachers to hold the lesson (average 2.77),
teachers consider this to be a more important factor (average 3.24). Thus, the different
preferences of students and faculty members can be observed in these issues.

By creating the correlation matrix, we had a dual goal. On the one hand, the correlation matrix
provides information on which columns of the table are related to each other, ie which
questions received coherent answers. On the other hand, it also shows how consistent the
respondents are.

correlation
1.0

Classes in the virtual space also follo....
Developing university infrastructure to...
In the case of onling education, tha ti...
Increased consideration of student fea. ..
Lesson-related materials and lectures ...
Prepare professors for the proper use ...
Professors use the same online com....

The professor has the necessary hard. ..

variable

The system of requirements is adapta...
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Years of employment
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scorel
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variable2

Figure 1. Correlation matrix of teachers’ answers

In case of teachers, surprisingly, we found that there was no strong correlation between
responses: all values were below 0.5. Instructors are consistent with respect to university
infrastructure, the extent to which they want to change the development of university
infrastructure, the same they want to change the technical readiness of faculty.
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We can also observe a synergy in the fact that whoever considers it important to have the
hardware and software to keep the lesson also considers it necessary to develop the university
infrastructure. Furthermore, another pattern seems to emerge from the correlation matrix: for
teachers, the announced schedule of lessons seems to be the origin, as this statement
correlates with most statements.

We consider it a very surprising, but also a telltale phenomenon that we do not find a strong
correlation between the answers in the case of students. The highest values are around 3.0
and also revolve around the infrastructure theme.
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Figure 2. Correlation matrix of students’ answers

In the case of clusters, only the textual responses were taken into account when creating the
clusters automatically. Respondents were divided into five groups because this seemed to be
the most optimal distribution. In this way, clustering was also performed separately for
students and teachers. Keywords of each cluster were automatically generated and the first
twenty over 1 log likelihood were studied.
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In the case of students, based on the two open-ended questions, respondents in the 5 clusters
appear to highlight different aspects of online education. Cluster 1 sees the key to effective
online education in schedule keeping; Cluster 2 considers the lack of personal presence
important; Cluster 3 considers the technical background of online education to be the most
important in its answers; Cluster 4 also highlights the technical conditions, but more
specifically than the previous one; and Cluster 5 describes importance of health in the
description of effective online education, and also draws attention to the technical aspects of
online education, but rather to its communication aspect.

We obtained a surprising result when we examined the keywords of the second open question
in the five student clusters. It turned out that in the case of clusters 3, 4 and 5, twenty words
do not reach the value of 1 log likelihood. We got 9 words for cluster 3, 5 for cluster 4, and
only one for cluster 5. Thus, the results are very difficult to compare. In addition, we found
that typical themes that would be specific to each cluster did not emerge.

In the case of the teachers, when studying the keywords of the clusters, we found that in the
case of the first open question, the aspects considered important by the teachers and students
partially overlap, but the teachers associate more nuanced words with some topics. The
answers to the first question show that all 5 groups of teachers consider the visual aspect of
online education important, as the visual word appears among the keywords in each cluster.
1-4. group also highlights the technical aspect of online education, the word curriculum is
included in both clusters 1 and 4.

It is clear from the keywords in the answers to the second question that teachers in all five
clusters consider changes to the technical background of online education necessary. This
theme appears uniformly in all clusters, and there are quite a few words attached to it. In
clusters 2 and 5, the topic of accountability is also available in action and the interactive
relationship between people.

4. Conclusion

The rise of Covid-19 created challenges for higher education, which in response has
undergone a major transformation. The aim of this research was to find out students' and
teachers' opinions on online education introduced in the first phase of Covid with the help of
a survey. Results show that there is a significant difference on several occasions. Students
consider particularly important the immediate availability of materials and the usage of a
unified system, while teachers consider these less important. In case of both teachers and
students, no strong correlation was found between responses, but teachers are consistent with
respect to university infrastructure, the extent to which they want to change the development
of university infrastructure. We can conclude that the view of the stakeholders are partially
the same but the emphasis is not the same from different perspectives. It needs to be examined
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in the future whether generational or other reasons are behind it, and more analysis is needed
for a deeper understanding of the differences and reasons.
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Abstract

This paper outlines the development of VisionARi, an online community-based
augmented reality (AR) platform for immersive learning. At the core of the
platform is a public digital library where creators can upload educational AR
content, which is then viewable by users on a dedicated mobile application.
VisionARi enables educators with little to no experience in immersive
technology to begin creating educational AR content in a matter of minutes
through short video tutorials and template files, achieved by leveraging
popular free-to-use or open-source software such as Unity and Blender. The
ubiquity of smartphones enables VisionARi to overcome barriers and issues
related to technical competencies and hardware accessibility currently
hampering immersive learning, while the community-based ecosystem
facilitates online collaboration across multiple disciplines, potentially leading
to improved student learning outcomes.
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1. Introduction

1.1. Penetration of digital technology in education

Technological development in the digital age has been transforming the pedagogical
landscape since the late 1990s, when the growth of the internet enabled educators to realise
the use of the computer as a tool for communication and collaboration, rather than as just a
means of information dissemination (Zawacki-Ritcher and Latchem, 2018). Zawacki-Ritcher
and Latchem (2018) also attribute the launch of the iPhone in 2007 as the beginning of a
period of online learning in a digital age, in which emphasis is placed on digital media
interactivity. It is important to note just how fast the adoption of smartphones in our daily
lives has been throughout the 2010s, reaching an estimated 78% global penetration rate by
2020 as a share of the world population (Statista, 2021). The COVID-19 pandemic further
accelerated the adoption of digital tools in education, so sudden and dramatic in fact, that the
transformation has put a strain on many teachers and students who struggled to equip
themselves with the tools and competencies of a digital distant-learning environment (Iivari
et al., 2020).

1.2. Emergence of virtual learning environments

In recent years, virtual reality (VR) technologies have been gaining attention owing to their
unprecedented level of user immersion. VR relies on computer technology to create a
simulated world around the viewer with digital media, creating a highly immersive
experience. Whereas VR creates an entirely digital world, augmented reality (AR) and
mixed/merged reality (MR) technologies overlay virtual content in the viewers’ real-world
by incorporating live camera data. Figure 1 illustrates the differences between VR, AR, and
MR from a user-immersion perspective. The umbrella term extended reality (XR) is often
used to refer to the whole spectrum of the reality-virtuality continuum.

The XR industry is poised for rapid growth, with a market size estimated to triple by 2023
(Wolfstein, 2021). This is reminiscent of the early years of the smartphone industry, further
evident from the recent public interest in the metaverse. Furthermore, a survey of industry
experts has revealed that the education sector is expected to experience the second most
disruption by immersive technologies, only after the healthcare and medical devices industry
(Perkins, 2020).

However, despite the ostensible potential of immersive technologies in education, a
systematic review of immersive VR applications for higher education conducted by Radianti
et al. (2020) has shown that while there has been widespread interest, applications of
immersive technologies in education has mostly been experimental and confined to a small
set of usability tests, rather than being deployed regularly in actual teaching. This raises
questions concerning the maturity of the technology.
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Figure 1. Comparison of VR, AR, and MR

1.3. Barriers of using immersive technologies in education

There are two major requirements for immersive technologies such as VR, AR, and MR to
be effectively used by educators and students. First, the hardware must be readily accessible.
Immersive technologies traditionally require the use of specialised hardware, such as head-
sets fitted with screens, and may additionally require gloves or hand-held devices fitted with
sensors, such as the Oculus VR kit. MR headsets such as Microsoft’s HoloLens 2 can cost
upward of US$3,500 per set. The high costs of dedicated hardware limit their accessibility.

Smartphones, on the other hand, have already reached mass adoption, and the onboard
computing power has advanced to the point where it can reliably support AR technology.
ARtillery Intelligence (2021) estimates that among the 1.35 billion active users running AR
applications on their smartphones, 374 million users (28%) are running them on ARKit or
ARCore, which are opensource AR software development platforms provided by Apple and
Google, respectively. These numbers show that AR technology is easily accessible to the
wider public with an active base of application developers. Thus, while it may take another
few years for dedicated immersive technology hardware to mature and be easily accessible
to the education sector, smartphones make a compelling bridge towards such a future, while
achieving high outreach immediately.

Another major requirement for immersive technologies to be effectively deployed in
education is the technical competency of both educators and students. As of now, immersive
technologies require special training to use, and most of the time require lengthy and costly
application development by third-party developers. Indeed, through a semi-structured
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interview with school teachers who use VR/AR technology regularly, Alalwan et al. (2020)
found that a lack of competency, a lack of environmental resources, and limited instructional
design are some of the key challenges preventing the effective use of VR/AR in classroom
settings.

2. Development of the VisionARi platform

2.1. The need for a common platform

A major hurdle for educators in incorporating immersive content in their teaching is that they
need to design, develop, and test their application from scratch. As mentioned earlier, this
requires educators to gain strong technical competency in immersive technology first. A
common platform with simplified and semi-automated processes for creating immersive
content can alleviate much of this burden, enabling educators to focus more on content
quality for their learning outcome goals.

To overcome these technical barriers and limits with hardware accessibility, we propose a
new framework that leverages free-to-use or open-source software to create a community-
based educational AR platform for mobile devices. The platform is being developed by our
team at the Hong Kong University of Science and Technology in collaboration with
VisionARi Limited, with the aim of empowering educators, students, and professionals to
create, share, and use high-quality educational AR content more effectively and more
collaboratively.

2.2. Our proposed framework: VisionARi

Our proposed framework is called VisionARi and its outline is illustrated in Figure 2. At its
core is an online digital library that hosts “modules” for users to download and run. Each
module contains a compressed package of files such as 3D models, animations and toggles,
which collectively make up the central AR content. Modules are uploaded by content creators
directly to an online library, analogous to how a video creator would share their content on
an online streaming platform. Users can access the modules through our dedicated mobile
application, enabling them to view the AR content. The library is also accessible through the
community website, where users can also manage their account and content, leave comments
on specific modules, and share tips and experiences.

The VisionARi viewer is built on the Unity engine, a free-to-use game development engine
with AR plug-in capabilities. Content creators would use Unity to create their AR content
through the provided templates, with support from short tutorial videos. Unity has a large
online community owing to its relatively simple and modular workflow, making it ideal for
novices to get started on creating AR content, in just a few minutes, without any expert coding
skills.
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Our framework enables all levels of creators, from teachers and educators with no experience
to professional 3D modelers and animators, to create and share AR content in a collaborative
and interactive manner. Beyond this, students themselves can become content creators, for
instance, using AR content to present their science/engineering project.

Compared with other AR platforms, the VisionARi ecosystem has the distinct advantage that
it can enable any given module to be accessed by educators all around the world to
incorporate into their teaching. Furthermore, as the modules are deployed onto smartphone
devices instead of dedicated hardware, the technical barrier is significantly reduced while
hardware accessibility is drastically improved.

VisionARi
1 community l
(i L ®
ma ®
viewer orary ats
EI creator
tutorials I
templates

Figure 2. Framework of the VisionARi platform

A short video demonstration of the mobile application running different example cases can
be found here: https://youtu.be/SOKtApSDalU (VisionARi, 2022).

2.3. Case study A: CAD model of a DC motor

A simple example module was created using a generic CAD model of a DC motor
downloaded from an external online library (Suchet, 2021). The CAD model contains all the
internal components of a DC motor, such as permanent magnets, rotor, and copper coil. The
CAD model can demonstrate the inner workings of a DC motor effectively.

The CAD model was imported into Blender, a popular open-source 3D modeling software,
where realistic materials and textures were added to the various motor components. Once
prepared, the CAD model was imported into Unity, where two toggles were defined that can
show/hide the outer casing and cover of the DC motor in the mobile application. Once the
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module was prepared, it was packaged as an asset bundle and uploaded to the VisionARi
library.

Figure 3 shows the example case being viewed on the VisionARi mobile application, with
the outer casing and cover of the motor shown (top) and hidden (bottom). The steps to
creating this module — including the use of Blender — have been documented as a 5-minute
tutorial video. Tutorials of example modules will equip novice creators with the skills and
knowhow to create their own modules via Unity, Blender, and other open-source software.

DO MOTORS

FIGURE 4.65
PMDC moqor.

Show Cover (O]

2

Toggle Menu

FIGURE 4.65
PMDC motor,

Copper Coil
Figure 3. Case study A: DC motor viewed on the VisionARi mobile application

2.4. Case study B: CFD simulation data of a ship propeller

A second example module geared towards professional engineers is discussed next. In this
module, computational fluid dynamics (CFD) simulation data of the fluid flow around a
rotating ship propeller is considered. As Figure 4 shows, viewers can toggle through various
types of datasets on the VisionARi mobile application, such as the Q-criterion and the
pressure distribution on the propeller surface (top) and slices of the velocity field (bottom).
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Such scientific datasets can easily consume tens of gigabytes and usually require professional
software and computing skills to process and interpret. With the VisionARi platform,
educators would have the option to incorporate high-level scientific datasets into the
classroom, with module files on the order of just a few megabytes.

o
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> -
=

!
Velocity Field

Figure 4. Case study B: Ship propeller CFD data viewed on the VisionARi mobile application.

3. Summary and outlook

In this paper, we have presented a fully integrated online educational platform, VisionARi,
that aims to empower students and educators with a more technically accessible and more
effective teaching tool based on augmented reality (AR). The VisionARi ecosystem achieves
this by creating an active online community and by facilitating the use of various open-source
tools to develop immersive content. By providing templates, short tutorial videos, and
example modules, all within a unified framework, VisionARi empowers educators and
professionals alike to create, share, and use AR content, without the technical and mass-
adoption barriers that have traditionally hindered faster and wider adoption of immersive
technology for education.
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The VisionARi platform is currently being internally tested with various example modules,
based on feedback from educators at the secondary and tertiary levels, as well as from
professional designers and engineers. Currently, there are 23 individual beta-testers. The
platform is planned for official launch in July 2022, beginning with a hands-on augmented
reality workshop for highschool students, organised with a local international school.

While the current development of VisionARi focuses on AR content for mobile phones due
to the maturity and ubiquity of smartphones, our platform can easily be scaled up to other
immersive technology hardware as they mature in the future.
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Abstract

Predicting trends is crucial for any business. No exception for education as
well. Usually, this is a complex task that needs good planning and hard
working to get to results. But sometimes luckily, a result from a study could be
recognized as something that could reveal a potential trend, though it was not
its primary goal, but spending some time digging deeper into data would pay

off.

This paper presents results from a study of the students’ trend for choosing
favorite database type to learn and use, which was found during analyzing
data from the software agents that work for our e-learning portal DeLC,
serving as helpers for students and lecturers. These agents are there for very
different purpose, but from the data they collect many interesting facts and
behavioral patterns of our students could be revealed.
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1. Introduction

Our e-learning portal is called DeLC (Distributed e-Learning Center) and it’s a project
developed in Department of Computer Systems, University of Plovdiv "Paisii Hilendarski",
Bulgaria, to serve our needs regarding distance learning, exams and other educational and
organizational activities, subject of many studies as Stoyanov, S., Doychev, E., et al., (2012);
Stoyanov, S., Zedan, et al., (2012). Among the most important advantages of this project is
that its code base is available for researchers from that university, and thus possible are
developing, reengineering, and improving most of the features it provides, allowing “insider”
look of what’s happening during this system’s work, what data is stored, and the researchers
are able to run many analytical processes trying to extract useful information and knowledge.
Over the years, users from other universities started using it and thus it became a huge system,
that combines functionalities and data from several satellite systems, which extend its
capabilities. Among these extensions is IntelliDeLC, described in Cholakov (2013) — to
provide a personalized e-learning environment with reactive and proactive behavior — in its
nature this is agent-oriented extension, which provides environment that contains software
agents. These agents are being developed and improved constantly and their functionalities,
behavior, and latest results are discussed in many articles, among which: Cholakov (2020),
Cholakov (2021), Cholakov & Stoyanova-Doycheva (2021).

The results of agents’ work are subject to various analyzes, and they often reveal information,
that is not visible at first sight. Such case was described in Cholakov (2021), when analysis
was done on the results from automated tests assessments so far, made by the software agent
that is dedicated to this task (EvaluatorAgent), for a particular course in our department —
“Database management systems” (DBMS). The success/failure of the students was
summarized by the points, earned during exams, and discovered which topics are difficult for
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Figure 1. Percentage of the good/poor answers, grouped by topic for the DBMS course.
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students. This is summarized and clearly visible on Figure 1 — when the materials are getting
more theoretical and require more attention to be paid, the results are dropping significantly,
and on the other hand, with more practical topics the results are higher.

It formed an interesting, but unwanted trend — students tend to rely on their practical
knowledge to pass the exam, trying to avoid usually more complex theoretical topics (the
assessment consists of two parts — practical and theoretical, which form the final grade, but
the details will be skipped for brevity as they are not a subject of this study). Unwanted
because it may lead to lower quality of knowledge and lack of analytical thinking. This
information came as a side effect of our analyzes and led to course materials updates and
other measures in order to keep students’ attention, discussed in Cholakov (2021).

Now, could even more information be extracted from the data collected (Fig. 1) about
students’ behavior and preferences, and get to new conclusions?

2. The problem and results from further analysis

What happens to those students that ignore DBMS course and at a later stage they meet the
requirement to use data storage of any kind for their projects in other courses or diploma
thesis? It was worth to check out. A survey was conducted among the students and graduates,
questioning what the preferred data storage type is — relational or NoSQL, used for their
course projects and diploma theses, and then another trend was discovered. The survey was
conducted online through Google Survey (Google Inc., 2022) and among the participants
were 146 graduates and 274 undergraduates — all went through DBMS course. Here is the
moment to mention, that our DBMS course educates primarily in relational databases. Many
cases were observed when students use NoSQL databases just because:

e They have missed the relational databases course, don’t know relational model at
all or just don’t feel comfortable with it.

e They find non-relational databases (particularly key-value and document storages)
easier to learn and use, avoiding in-depth thoughts regarding relational theory.

e They want to keep up with the newest cutting-edge technologies — this is the
smallest number of students, but they deserve special attention as they clearly see
their future growth path and can distinguish between current market circumstances
and what the demands would be in the nearest future.

And this was thought provoking — which are the main drivers for choosing the right database?
Are our students lazy? Do they hate theory? Or are they bringing the future with all emerging
technologies? Are NoSQL databases the choice of less educated? Or probably teaching
DBMS should be revised with a different look, because the reality has changed. No simple
or definite answer.
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As Figure 2 depicts, among the students that achieved high results after the DBMS exam
about 74% prefer using relational databases, the rest prefer other types; among the students
with low results in DBMS exam the preference is split between relational and NoSQL
databases; globally, the situation doesn’t differ too much from the first part of the students,
according to the most popular sources (DB-Engines Ranking (2022), Developer survey
(2022), Top 10 Databases to Use in 2021 (2022)) — nearly 70% usage of relational databases.

100%

80% P

60% \\\Q

B\

9

7

Students with high Students with low Around the world
results results

m Prefer RDBMS Prefer NoSQL
Figure 2. Percentage of students’ preferable database type, and globally.

So, what those graphics above reveal — are the students lazy enough to push the progress
further? Or probably relational model is not perspective to meet the modern world’s needs?
Both yes and no probably — it’s a simple truth that:

e Practice makes perfect — learning new databases alone on demand trains problem
solving skills, which is among most wanted qualities in IT branch these days.

e All things that one can do with NoSQL databases are possible with relational ones
as well — so those who learned relational model didn’t waste their time, as the
statistics for global situation from Figure 2 clearly states (third data series).

The summary above should be considered as a red flag — the teachers need to review their
understandings about databases, and this should involve updating courses, materials, and
minds too — to reflect the reality properly. Some of these activities have already started —
there is undergoing process of updating lectures and labs guides to include materials for
modern databases, but it needs careful planning as the course still needs to fit in the same
number of hours. To avoid this limitation, we already have an elective course for MongoDB
(MongoDB (2022), the most popular among document-oriented ones, according to the
statistics in the sites cited above) that students could enroll if they are interested in NoSQL
databases, as it is a good starting point.
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3. Conclusion

Using data analysis and data mining most of the times helps discover things that aren’t
obvious, and we witness their appliance in large range of domains — finance, education,
medicine, social science, automotive industry, intelligent agriculture, to name a few. In our
case revealed the trend of our next generation — what kind of database our students tend to
use and what could be their career’s choice. Discovering students’ preferences helps us
choosing the right tooling for education and gives direction for future updates of course
materials.

Whilst investigating the most difficult parts in the teaching materials, we figured out that
there are many students that don’t try hard to learn the theory of relational model. Later, they
tend to use non-relational databases as they find them easier to start with — and they do it
quite well.

The results from this study could serve as direction what course materials must include to
meet the modern requirements.
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Abstract

This paper presents an analysis of various metrics of student engagement and
academic performance, based on data extracted from a virtual learning
environment (VLE) and other supporting technologies. The level of student
activity on the VLE, as measured by hours and count of accesses to content
areas, was found to be a strong indicator of engagement and impacted the
level of performance. Participation in self-regulated optional learning
activities was also found to be a strong indicator of engagement, which again
impacted students’ scores. As regards gender comparisons, males and
females demonstrated different study approaches but there was no difference
in performance. Senior (final year) students out-performed sophomore
(second year) students, and students on programmes with higher entry bars
fared better. Interestingly, students who adopted a steady approach with
consistent levels of activity through the semester achieved higher scores than
those who procrastinated. The paper concludes with some recommendations
on where learning analytics technologies need to go to truly be useful for
teachers and students in higher education.
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1. Introduction

This paper presents an analysis of the engagement and performance of students taking a
course in “Database Systems for Business” at an Irish university. Prior research has
highlighted the importance of engagement as a factor impacting retention and academic
achievement (Hussain ef al., 2018). Levels of interaction, self-regulation (e.g. working on
optional exercises), prior knowledge of the subject area, gender, and secondary school
grades are also amongst the many factors that can impact performance in higher education
(Pardo et al., 2016; Kog, 2017; Pizarro et al., 2017; Hellas et al., 2018). An exploratory
data-driven research approach as opposed to a theory-driven approach (Maass et al., 2018)
was followed. Student profile data and analytics from the Blackboard virtual learning
environment (VLE) and other sources were combined and analysed to build up a picture of
various indicators of engagement and to explore their impact on academic performance, as
indicated by scores on the course assignment and end-of-semester test.

2. Teaching and Assessment Approach

The course was pursued by 59 students across four separate undergraduate programmes,
running from September to December 2020. The class was 32% female and 68% male, all
Irish nationals with the exception of two visiting international students. Because of
emergency public health guidelines in force during the COVID-19 pandemic, the course
moved out of the normal classroom environment and was taught fully on-line by means of a
regular live two-hour session delivered on Microsoft Teams each week for the duration of
one semester. Presentation slides, supplementary notes and other lecture materials were
made available in advance on Blackboard and remained available on-line for the full
duration of the course. The weekly lecture sessions were also recorded and shared on
Blackboard.

The teaching style was interactive; as the lecturer worked through examples of problems,
students were invited to ask and answer questions via the Microsoft Teams chat dialogue or
by clicking the ‘Raise Hand’ button and speaking. Building on the material covered in
lectures, students were provided with a set of practical exercises and formative assessment
quizzes designed to prepare them for the end-of-semester test. Students could attempt the
quizzes as often as they wished and received a feedback score each time upon completion.

The course was assessed by means of an assignment (30%, teams of two or three) and a
final test (70%, individual). The assignment was based on the Jay’s Collectibles teaching
case (Cappel & Gillman, 2011) and required students to work together on a problem-based
learning exercise to design a database schema. The lecturer made himself available for on-
line consultation meetings with student groups seeking guidance on the assignment; most
groups availed of this opportunity at least once. The end-of-semester test consisted of fifty
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multiple choice quiz (MCQ) questions, each with four possible options of which one and
only one was correct. The first half of the test examined knowledge of database design
concepts. The second half was based on knowledge of the Structured Query Language
(SQL) and used the same familiar database schema as was employed throughout the course
in the lectures and practical exercises.

This teaching and assessment approach incentivised students to attend lectures, engage
deeply with the assignment, attempt the practical exercises and quizzes, and consult the
other learning materials made available on Blackboard, which included a link to an
electronic version of the recommended textbook. The fact that learning materials were
made available on Blackboard had no impact on class attendance levels, which were in line
with historical averages.

3. Learning Analytics

As summarised in Table 1, various metrics were extracted from the Blackboard VLE
platform, Microsoft Teams and Microsoft Forms surveys and quizzes. The process of
extracting and consolidating data into a clean, usable format was rather cumbersome and
therefore these metrics were not available in real-time, only retrospectively after the course
was completed.

Table 1. Learning analytics measures.

Measure Description

anon_id Anonymous identifier (all PII removed)
completed year Did student complete this academic year?
assignment mark Mark awarded for assignment

exam_mark Mark awarded for end-of-semester test
programme_code Degree programme code

final year Is this student in final year of degree?
overall mark Overall Mark (Assignment + Examination)
gender Gender (Male or Female)

prev_knowledge subject area

Did student have any prior knowledge of the area?

how_many others do u know

How many other students in the class did this student
know at beginning of semester?

bb hours

Total hours of Blackboard access for this course

bb_access lecture materials percentile

Extent of access to Lecture Materials on Blackboard

bb_access recordings percentile

Extent of access to Recordings on Blackboard

bb_access_practical exercises_percentile

Extent of access to Practical Exercises on Blackboard

bb_access_textbook percentile

Extent of access to Textbook on Blackboard

bb_activity percentile ql /q2/q3/q4

Relative activity in Blackboard in each of the four
quarters of the twelve week semester

teams chat interactions

Count of interactions on Microsoft Teams Chat

formative quiz_attempts

Combined number of attempts at formative quizzes
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4. Findings and Discussion

Exploratory non-parametric tests were executed in SPSS to seek out patterns of correlation
and differences in the data.

A student’s overall mark was found to be positively correlated with several influencing
factors, including the number of hours that the student was active on Blackboard (N=57, r;
= .474, p < .001), the number of times that the ‘Lecture Materials’ section on Blackboard
was accessed (N=57, rs = .493, p < .001), and the number of times that a student attempted
the formative quizzes (N=57, rs = .620, p <.001).

Interestingly, the number of times that the ‘Recordings’ section on Blackboard was
accessed did not impact performance. This can be explained by an observed range of types
of study behaviours: some students who attended lectures also watched the video replays
(those students mostly fared very well), but there were some who skipped lectures and just
watched the videos (those students tended to perform relatively poorly).

The number of interactions on Microsoft Teams (i.e. questions and other posts in Chat) had
a strong positive correlation on students’ marks on the assignment (N=58, rs = .656, p <
.001) and also, but not to the same extent, on overall mark (N=57, r; = .542, p <.001). This
can be explained by the fact that many of the questions raised on Chat related more to the
material assessed by the assignment than that assessed by the end-of-semester test. The
students who asked those questions or otherwise contributed on Teams were highly
engaged and therefore, in keeping with the findings of previous studies (Pardo et al., 2016,
Hussain et al., 2018), it was expected that they would perform better than less engaged
students. Of course, some outstanding students did not interact at all on Teams, which can
go down to personality differences such as introversion.

Similarly, the number of times that students accessed the ‘Practical Exercises’ section on
Blackboard was found to have a strong positive correlation with their end-of-semester test
mark (N=55, r, =.518, p <.001), as did the number of times they accessed the textbook link
(N=55, r,=.437, p <.001). These are both examples of self-regulated learning behaviour.

An interesting finding was the correlation between activity at various points in the semester
and performance on the end-of-semester test. The level of Blackboard activity for each
student throughout the semester was broken into four quarters of three weeks each. Activity
in the first quarter was found to be positively correlated with the test score (N=55, r; = .407,
p < .01) but the strength of this correlation fell in the second quarter (N=55, r; = .360, p <
.01) and again in the third quarter (N=55, rs = .342, p < .05). In the fourth quarter, it was
insignificant. What this suggests is that students who were consistently active throughout
the semester fared better, whereas in the final quarter there was a mixture of last-minute
“crammers” and “steady-does-it” students, with very different results achieved.
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Two students who commenced the course did not complete and two others chose to defer.
The latter pair was due to COVID-19 health-related issues and both subsequently passed.
The former pair indicated at the beginning of the semester that they knew nobody else in
the class (most students knew at least one other person), and their level of Blackboard
activity in the first quarter was negligible. As it turned out, both students failed to complete
not just this course but also several others. Given the early warning signs, these drop outs
were predictable. Unfortunately, they were also unpreventable because of the underlying
causes. Students who were in assignment teams with students that subsequently dropped
out were discommoded to an extent, and this was taken into consideration by granting
appropriate time and grading concessions on those submissions.

When looking at the content areas that males and females accessed, it was found that
females accessed the on-line lecture materials (N=59, U = 212, p < .01), textbook (N=59, U
=231, p <.05) and formative quizzes (N = 59, U = 224.5, p < .05) significantly more often
than male students, and that females spent a substantially greater amount of time engaging
with materials on Blackboard (N=59, U = 226, p < .05). However, despite these gender
differences in study approach, no difference was found as regards academic performance,
as measured by assignment and end-of-semester test scores.

This study found that senior (final year) students had significantly higher performance than
sophomore (second year) students on the end-of-semester test with mean GPA scores of 3.9
and 3.3 respectively (N= 55, U =553, p <.01).

Surprisingly, students with no prior knowledge of the subject material actually fared better
overall than those who had some previous exposure to the area (N= 53, U = 235.5, p < .05).
This may be because of higher motivation of the newcomers to the subject area (who were
mostly final year students) and possibly some degree of complacency amongst those with
prior experience.

The programmes that students were enrolled in also gave rise to significant differences in
scores. This can be explained by the varying academic entry criteria for the programmes.
Not surprisingly, the students on programmes with higher entry standards (i.e. secondary
school grades) fared, on average, better than those on programmes with lower entry bars.

To further explore the relationship between engagement and academic performance, a
Structural Equation Model (SEM) was constructed using the Qnyx environment (Onyx,
2022). The results of the SEM revealed that our data support the hypothesis that level of
engagement impacts academic performance: y> (6) = 60.002, CFI = 0.999, TLI = 0.995,
RMSEA =.03. The resulting paths are shown in Figure 1. In earlier versions of the model,
other variables were included but they were removed because of weak loadings and
unacceptable impact on the model fit. As can be seen, the number of hours of Blackboard
activity and the number of attempts at formative quizzes both loaded strongly onto the
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‘Engagement’ latent variable, with statistically significant positive correlations of 0.72 and
0.87 respectively. The assignment mark and end-of-semester test mark both correlate
positively with ‘Performance’, although the loading of the assignment mark was lower than
expected. This may perhaps be because the assignment mark, unlike the other variables in
this model, was not unique to each individual student (i.e. it was done as part of a team).
Engagement had a strong positive correlation (0.76) with performance.

Total hours of activity
on Blackboard

(bb_hours)

Assignment mark

(assignment_mark)

Engagement Performance

End-of-semester test
mark

Number of attempts
at formative quizzes

(formative_quiz_attempts) (exam_mark)

Figure 1. Structural equation model derived from learning analytics data.

5. Conclusion

The potential of learning analytics to provide teachers with valuable information pertaining
to measures of academic engagement and performance is widely recognised (Kog, 2017;
Kosasi et al., 2020). Importantly, they also have the potential to provide students with
personalised benchmarks of their own metrics so that they can stay on target to achieve
their goals. For example, the findings of this study showed that levels of activity at early
stages of the semester can impact overall performance, and that students who went ‘the
extra mile’ on self-regulated activities fared better. A small number of students who were
disappointed with their overall scores contacted the lecturer to enquire why they didn’t do
as well as they felt they would. In all such cases, an examination of the metrics discussed in
this paper provided simple explanations. Had the students been easily able to see where
they actually were, as compared to where they ought to have been or believed they were,
they may have succeeded in achieving their ambitions.

The actual extent to which learning analytics are being purposefully used in universities
across the world is unknown, but it is almost certainly the case that the majority of students
and teachers are not using analytics to anywhere near their potential. Why is this the case?
The Technology Acceptance Model (Venkatesh & Davis, 2000) tells us that perceived ease
of use and perceived usefulness — which is affected by output quality, demonstrability of
results, job relevance, and other factors — impacts actual usage behaviour. During the
COVID-19 pandemic, educators hurriedly rushed to adopt on-line meeting and
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collaboration technologies (e.g. Zoom, Teams, Slack) that, to be fair, were mostly not
intended for the purpose of teaching and learning. However, as we move into the “new
normal” of post-pandemic on-line and hybrid delivery, the ease with which useful and
timely learning analytics can be generated must be a factor in the choice of educational
technologies.
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Abstract

The aim of this study is to contribute to Translation Studies in Higher
Education by analyzing a parallel corpus containing German and
Portuguese technical texts. Based on a text-linguistic perspective, we
propose to explore in what way explicitation can be identified in the
analysed text corpus, consisting of 15 user manuals from the field of
electrical engineering. The corpus comprises 2100 aligned text
segments, which were analysed in SketchEngine, a tool for corpus
analysis. In the context of cohesion (Halliday & Hasan, 1976), and
based on the transfer instances identified in the parallel corpus
analysis, we aim at providing a categorization of explicitation for
practical translation classes. In our study, we discuss four categories,
namely  overspecification,  specification, implicitation, and under-
specification, depending on a decreasing explicitation degree. In
terms of quantitative analysis, the corpus revealed that most instances
were  attributed to  both  underspecification and  specification.
Although user manuals are a highly conventionalized text genre with
little room for variation, we found that explicitation elements
constituted an important device in the transfer process.
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1. Introduction

Due to the importance of Specialized Translation in today’s globalized world, the
translation profession is more and more influenced by technology for a faster and more
efficient transfer of specialized texts into different target languages. Translation training
has therefore to take into consideration the study of different domains, such as scientific,
technical, and legal translation, in response to a diversified professional reality. This study
proposes to analyze technical texts as subject of one of the most representative fields -
technical translation. Byrne (2006, pp. 1-2) claims that technical translation has long been
considered “the poor cousin of ‘real’ translation”, despite its “importance” and
“overwhelming demand”. Kriiger (2014, pp. 13-14) argues in the same way, stating that
“[s]cientific and technical translation, together with specialized translation in general, has
therefore often been reduced to a simple, almost automatic transcoding process”.
Technical translation involves texts on “applied knowledge from the natural sciences”
(Byrne, 2006, p. 3). Byrne (2006) argues in favour of a clear distinction between technical
and scientific translation, in that “scientific translation relates to pure science in all
of its theoretical, esoteric and cerebral glory while technical translation relates to how
scientific knowledge is actually put to practical use” (p. 8). By acknowledging the role of
technical translation, the next chapter will discuss its most representative text genre, the
user manual.

2. Technical translation and the text genre user manual

In the scope of Specialized Translation, technical translation involves a wide variety of
subject areas that belong to different types of industry, from the primary sector to human
services. The industry produces a large volume of text types and text genres - operation
manuals, user guides, patents, technical data sheets, among others - that the technical
translator should be acquainted with. Such text genres describe products (instruments or
machines) and give instructions on their functionalities.

According to Reiss's typology (2000/1971), based on Biihler's tripartite model of the
linguistic sign, the author proposes a prototypical text type classification, suggesting a
specific translation method for each text type. Reiss differentiates among informative,
expressive and operative texts, also adding a multi-medial text type, a so called "hyper type"
(Reiss, 2000, p. 164) that refers to verbal, other than written texts. The basic communicative
function of informative texts is of descriptive nature, consisting in a transfer of content.
However, as Reiss puts it, texts often do not belong to just one category,but rather are
composed of different types that may overlap. This is the case with user manuals, which apart
from transmitting information, also have an operative function. Once the text type is
determined, the translator has to define the text genre, being intended as “the classification
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of a given text according to specifically structured sociocultural patterns of communication
belonging to specific language communities” (Reiss, 2000, p. 165). The determination of a
text genre is insofar a decisive factor in the analysis process, as it may differ from one
language to another, implying diverging text convention patterns (p. 165). Therefore, the
translator has to assure for the selection of the adequate target language text pattern. The
present study aims at analyzing wuser manuals, being characterized by the use of domain-
specific vocabulary and specific text patterns. Informative texts seek to transmit information
in a precise and objective manner. When translating informative texts, translators are
required to establish functional equivalence, thus, trying to convey “sense and meaning in
order to maintain the invariability of the content” (Reiss, 2000, p. 167). On the other hand,
operative texts require that the target text produces the same effect as the source text (Reiss,
2000). User manuals are therefore a good example of a textual genre, in which content
description and receiver-oriented instructions are combined, revealing “a high degree of
directedness as a result of the shared special interests [...] that exists between particular groups
of senders and receivers” (Neubert & Shreve, 1992, p. 41).

3. The role of cohesion in specialized texts

In order to be able to apply the textual approach for the purpose of analyzing explicitation
in user manuals, we first have to conceptualize the seven key criteria of text introduced by
Beaugrande & Dressler (1981), being intentionality, acceptability, situationality,
informativity, coherence, cohesion, and intertextuality.

The standards of textuality [...] are all relational in character, concerned with how
occurrences are connected to others: via grammatical dependencies on the surface
(cohesion); via conceptual dependencies in the textual world (coherence); via the
attitudes of the participants toward the text (intentionality and acceptability); via
the incorporation of the new and unexpected into the known and expected
(informativity); via the setting (situationality); and via the mutual relevance of
separate texts (intertextuality) (de Beaugrande & Dressler, 1981, p. 14).

When applied to the field of Translation Studies, Neubert & Shreve (1992, p. 70) consider
that “the principle of textuality can be used to define the conditions under which a L text
and its L, counterpart can be said to be textually equivalent”. In order to produce a textually
equivalent target text, the translator has to be aware of the specific elements of textuality.
According to the authors, the textual surface triggers “chains of references to knowledge
frames", by which the reader is able to recognize the “textness” of a specific document
(Neubert & Shreve, 1992, p. 70).

Due to its importance in establishing “textness” (cf. Neubert & Shreve), the feature of
cohesion has been widely studied in oral and written discourse. The most influential approach
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in the systematization of cohesive devices was presented by Halliday & Hasan (1976),
who characterized the concept of cohesion as

a semantic one; it refers to relations of meaning that exist within the text, and that
define it as a text. Cohesion occurs where the INTERPRETATION of some
element in the discourse is dependent on that of another. The one PRESUPPOSES
the other, in the sense that it cannot be effectively decoded except by recourse to
it (Halliday & Hasan, 1976, p. 4).

Within the context of cohesion, we aim at studying explicitation in technical translation.
The notion of explicitation has been widely studied and explored, giving rise to a variety of
different approaches (Vinay & Darbelnet, 1995/1958; Nida, 1964; Kriiger, 2014, among
others). Within the field of Translation, explicitation “is the reformulation as a tentative TT
[target text] solution of a segment of the ST [source text] conveying implicit information
which the translator sees as problematic for the end-readers” (Scarpa, 2020, p. 218).
Explicitation can be represented through different categories, in accordance with a specific
approach. Our analysis is based on the following main categories: a) overspecification, b)
specification, c¢) implicitation, and d) underspecification.

Overspecification refers to the transmission of information into the TT that can be considered
redundant, leading to an overemphasis of content. The second category of specification
renders the TT more specific than the ST, providing the reader with detailed information and
thus contributing to a better understanding of the communicative situation. Implicitation
occurs when the information given in the TT is less explicit than in the ST, “relying on the
context or the situation for conveying the meaning” (Vinay & Darbelnet, 1995, p. 344). The
last category of underspecification refers to situations in which the TT omits part of the ST
information. In terms of classification, these four categories can be represented in a
continuum of an increase in the degree of explicitness.

underspecification --->  implicitation -->  specification -->  overspecification

Figure 1. Increasing degree of explicitation.

4. Method and corpus design

On the basis of the analysis of an aligned parallel corpus, the present study aims atanalyzing
evidence of explicitation in technical texts. Widely used in translation studies, a parallel
corpus is “typically made up of source texts in language A and their translations in language
B” (Saldanha & O’Brian, 2013, p. 68), providing insights into transfer procedures through
comparison. The analysed text corpus consists of 15 user manuals retrieved from the German
website Attps://www.manualslib.de/, offering free access to a variety of user manuals. In an
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initial phase, the German and the Portuguese texts were aligned in Memsource, a Translation
Management System. In a second instance, the aligned segments were processed in
SketchEngine for corpus analysis. Each aligned bilingual segment was manually checked for
evidence of explicitation. The assignment of a segment to one of the four categories was not
always obvious, since these categories are situated in a continuum with blurred limits. In
the following, we intend to illustrate each category providingexamples from the corpus
analysis.

a) Underspecification

German ST Portuguese TT

(1) Vergewissern Sie sich, dass das  (1”) Certifique-se de que o
Elektrowerkzeug ausgeschaltet ist,  interruptor esta desligado quando
bevor Sie es an die insere a ficha na tomada.
Stromversorgung und/oderden

AKkKku anschlielen, es aufnehmen

oder tragen.

(2) Das Gerdit ist nicht fiir den (2") Os nossos aparelhos ndo sio
gewerblichen oder industriellen concebidos para uso comercial.
Einsatz konzipiert.

Examples (1) and (2) provide evidence of ST information content, which is not reproduced
in the TT. Such omission represents an underspecification, which might have consequences
for the correct operation of a device. Examples (1) and (2) may reveal a culture-specific
background. Technical knowledge and exact explanations are highly appreciated by German
readers, being associated with signs of product quality and expertise.

b) Implicitation

German ST Portuguese TT

(3) Wenn Sie mit einem (3’) Ao utilizar a ferramenta eléctrica
Elektrowerkzeugim Freien arbeiten, ao ar livre, use uma extensdo de fio
verwenden Sie nur adequada.

Verldngerungskabel, die auch fiir

den Aullenbereich geeignet sind.

(4) Wir garantieren wihrend der (4") A garantia abrange: [...]
Garantiezeit: [ ...]

Examples (3) and (4), assigned to the category of implicitation, are insofar interesting that
the German ST is more explicit than the Portuguese TT, representing a common feature of
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technical texts. By repeating words and phrases, the ST tends to create more redundancy,
guaranteeing that the information is fully transmitted. The Portuguese segments, although
shorter, transmit the same message.

¢) Specification

German ST Portuguese TT
(5) Rissige Sageblatter oder solche, (5°) Discos de serra que apresentem
die ihre Form verindert haben, rachaduras ou tenham dentes
diirfen nicht verwendet werden. deformados ndo deverdo ser

utilizadas

(6) Ein Werkzeug oder Schliissel, (6") O facto de uma chave ou uma
der sich in einem drehenden ferramenta de regulagdo ficar presa
Geriteteil befindet, kann zu na pega em rotacdo da ferramenta
Verletzungen fiihren. eléctrica pode causar um acidente.
(7) Verwendung einer Staub- (7" O emprego deste tipo de
absaugung kann Gefahrdungen dispositivos pode evitar perigos
durch Staub verringern causados pela producio de poeiras.

Segments (5), (6), and (7) contain more specific information in the TT, providing the reader
with additional information concerning operation details. Example (6) illustrates a more
general description of the situation by using the verb befinden in the ST, whereas the TT
(ficar preso) reveals that the object is stuck, which may lead to a malfunction of the electric
device.

d) Overspecification

German ST Portuguese TT
(8) Benutzen Sie kein (8’) Nao utilize a ferramenta elétrica,
Elektrowerkzeug,dessen Schalter se ndoconseguir ligar e desligar pelo
defekt ist. interruptor.
(9) Wihrend des Ladevorgangs (9") A ferramenta eléctrica ndo pode

kann der Akku-Tacker nicht benutzt  ser utilizada durante o processo de

werden! carga; elando esta com defeito se
nao funcionar durante o processo
de carga.

In examples (8) and (9), units of information are added to the TT; these are no longer mere
translations, but adaptations. Whereas the ST does not specify the problem, the TT makes
use of redundant information, running the risk that it will not be accepted by the reader.

196



Katrin Herget, Teresa Alegre

5. Results and Discussion

The corpus analysis revealed that the category of underspecification was the most
represented, with 63 instances. This category was followed by 48 occurrences of
specification, and 29 instances of implicitation. The least represented category,
overspecification, only revealed 7 occurrences.

Table 1. Results of Corpus Analysis.

Type of Tl T2 T3 T4 TS Té T7 T8 T9 Ti0 Ti1 Ti2 T13 Ti4 TI15 Total

explicitation

over- 0 1 1 0 0 2 0 0 0 O 0 0 2 0 1 7
specification

specification 0 5 2 5 1 6 1 6 2 7 0 3 4 2 4 48

implicitation 1 4 3 0 1 3 4 2 1 3 1 2 1 1 2 29
under- 1 6 4 2 1 7 5 9 0 7 0 1 7 5 8 63
specification

As far as underspecification is concerned, the corpus analysis revealed that explanations that
could not be retrieved from the co-text were not transmitted in the TT. This kind of
insufficient explicitation may have consequences for the correct usage of a product. When
analysing the instances of specification, we observed the presence of content-related aspects,
with the general information of the ST being specified in the TT. This is often done by the
addition of detailed information which provides the reader with further knowledge. In the
examples of implicitation, the adaptation to the target culture is achieved by eliminating
source language details which contribute to the need for security in the ST culture. However,
in the target culture, repetitions or duplications are perceived as disturbing elements. The
instances of overspecification showed a minor presence in the analyzed corpus, revealing a
less popular preference of explicitness in the TT.
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Abstract

Recorded lectures are a useful tool for pedagogical practice in tertiary
education. This study provides a large quantitative analysis to examine the
impact of using supplementary lecture recordings and empirically
corroborates results from other fields. Our analysis examines impact on
student academic performance which explores a facet that is complementary
to similar studies in the existing literature. Our findings indicate that the usage
of recordings is positively related to academic performance. Our results also
demonstrate that the lowest performing decile of students have less motivation
to use recorded videos and additional resources may need to be provided to
improve the learning experience for these students.
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1. Introduction

Recorded lecture videos are important study tools for study (Armstrong, Idriss, & Kim,
2011). Students can use lecture videos to review material at their own pace, and these systems
are integrated into many university courses. With the support provided by this additional
resourse, many students have changed their study strategies, increasingly relying on the
online video resources as a substitute for attendance at lectures. Based on the existing
research, having access to the video based lecture materials could improve students’ learning
experience (Brecht, 2012; Shih, 2010; Brame, 2016; Stohr, Stathakarou, Mueller, Nifakos, &
McGrath, 2019). Although students’ study behaviours might be highly influenced by the
video content, the effectiveness of this video content depends on its design, structure, and
provision of interaction (Zhang, Zhou, Briggs, & Nunamaker Jr., 2006; Brecht, 2012; Mitra,
Lewin-Jones, Barrett, & Williamson, 2010).

Due to the pandemic, many universities have been forced to switch their teaching-and-
learning mode from face-to-face to virtual delivery (Mohmmed, Khidhir, Nazeer, & Vijayan,
2020). Using recorded lecture videos are one of many ways to deliver contents virtually.
Students are able to remain engaged with lectures and content albeit via a different modality
which has proved to be effective in learning.. However, students who rely on such video
content might also face challenges with their remote studies, such as lack of interaction, lack
of motivation experience in using information and communication technology (Aristovnik,
Kerzic, Ravselj, Tomaazevic, & Umek, 2020; Bezerra, 2020).

Several guiding principles have been established for effective use of videos in learning design
(Mayer & Moreno, 2003; Clark & Mayer, 2016), most notably on the management of
cognitive load. Homer et al. (2008) found that students with high visual preference
experienced greater level of cognitive load under the learning by audio narration (i.e., without
video), whereas students with low visual preference reported greater level of cognitive load
under the video learning conditions. This finding suggests that individual preferences of
learners are important in the design of multimedia learning.

Previous studies found that learning effectiveness and satisfaction can be improved through
videos with interactive features (Zhang, Zhou, Briggs, & Nunamaker Jr., 2006; Ronchetti,
2010) that promote better engagement. Students indicated that their interactions with video-
based lectures were similar with face-to-face instruction (Borup, West, & Graham, 2012).
Hung et al. (2018) developed embodied interactive video lectures (EIVL) by embedding six
types of interactive learning activities (engaging, prompting, experiencing, facilitating,
demonstrating, questioning) in video lectures based on different scaffolding functions. The
use of short videos can be advocated by the positive outcomes for student performance (Alj,
2019). Robertson and Flowers (2020) showed that the combination of video contents and
PowerPoint slides is an effective studying approach. Hung et al. (2018) found that learners
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under EIVL outperformed learners under other learning conditions in terms of both
comprehension and retention.

However, the utilisation of the video content has also been suggested to have a negligible or
even negative impact on the students’ learning experience. Sykes (2012) stated that dedicated
students can still perform well irrespective of video use. Williams et.al (2012) cautioned that
the use of lecture recordings as a replacement for attending face-to-face lectures yields no
additional benefit for students, and often has severe adverse effects on students’ marks.

In comparison to reading-based content, video lectures feature high media richness and are
better suited to the delivery of subjective and complex ideas, both in terms of learning
performance and learning satisfaction (Sun & Cheng, 2007). Kizilcec et al. (2013) reported
that different behaviours of video engagement by MOOC participants result in varying levels
of overall learning experience. Wang and Baker (2015) found that students’ interest and
engagement with video content is crucial in predicting their completion of MOOC courses,
whereas Sinha et al. (2014) documented that video clickstream interactions could predict
dropping out from videos and courses. Giannakos et al. (2015) found that the peaks of video
navigation activities correspond to discussions on assessment answers, whereas Li et al.
(2015) reported a positive correlation between video interaction and perceived content
difficulty.

In this article, we investigate the effectiveness of online video content as a complementary
to the traditional lecture. We use a quantitative study to examine the impact of ECHO lecture
recordings on learning outcomes based on pre-pandemic data. Specifically, we investigate
the relationship between usage of ECHO and student academic performance. We consider
not only the level of ECHO usage, but also frequency of use and its effect on academic
performance. Our research taps into a large and previously unused student data set to explore
any relationships between academic performance and video usage. We would naturally
expect that increased usage to correlate positively with higher academic grades, but no studies
have explored this hypothesis. Furthermore, if these recordings are indeed beneficial, an
immediate avenue of inquiry is the extent to which they benefit students. The goal of this
research is to quantify the true value of ECHO for learning experience.

2. Methodology

2.1. Data collection

To investigate the impact of the video usage on students’ academic performance, we used
data of 1,485 students who enrolled in a first-year finance course: ACST101 Finance 1A at
Macquarie University in 2018 semester 1.
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There were 13 teaching weeks in 2018 semester 1 and students were assigned 2-hour weekly
lectures as part of their learning. These lectures were delivered face-to-face on campus and
students were given unlimited access to the corresponding video-based lecture recordings for
revision. The video usage data has been recorded for each student which shows their number
of views as well as a viewing percentage for each recorded lecture. A binary Video Usage
measure has been created to investigate students’ engagement with this online content. For
each weekly recorded lecture, each student is assigned a value of 1 if the student (i) viewed
at least once, and (ii) viewed at least 50% of the recording; and a value of 0 if either of these
two conditions do not hold. Over the course of 13 teaching weeks, the Total View measure
for each student ranges between 0 to 13 inclusive. Students were required to complete several
assessments for ACST101, comprising of 10 online quizzes, an Excel assignment, a class test
and a closed-book final exam.

The improvements in students’ academic performance is measured using the difference
between their initial ranks and the subsequent final ranks in the student cohort. The average
mark across the first three (online) quizzes is calculated for each student, and from this
average their relative rank (percentile) is calculated. This measure of initial rank is used as a
measure of their initial performance when entering the course. The students’ final rank was
calculated using their overall grade for the semester, and is intended as a measure of
performance when exiting the course. A change in rank is then calculated for each student by
subtracting the individual percentile at the start of the semester from the corresponding
individual percentile at the end of the semester. A positive change in rank means that the
student has improved relative to other students, whereas a negative rank change implies that
the relative performance of the student has worsened.

2.2. Data analysis

We firstly plotted the distribution of the Total Views in jError! No se encuentra el origen
de la referencia. and found that close to half of students have the Total Views less than 1.
This implies that students might not have strong motivation to use the lecture recordings.

We further analysed the usage among different groups of students and found that the usage
of online content is statistically significant correlation with students’ academic performance.
As stated before, we use the relative rank (percentile) generated from the first three quizzes
to measure students’ initial performance. We then grouped students into bottom 10%, middle
80% and top 10% based on their initial ranking and calculated the average Total View number
for each group is 1.87 for bottom 10%, 3.49 for middle 80% and 3.31 for top 10%. We found
that the middle 80% students have the highest average Total View number while the bottom
10% students have the lowest number. In other words, compared to middle 80% group,
bottom 10% and top 10% are less motivated to use the online contents. Hence, we are
interested to investigate the performance change for each group by the end of the semester.
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A linear model approach was applied to examine the effect of video usage on the performance
of students, which is measured in terms of their ranking in the course in order to normalise
for any course-specific effects. The results of the fit are given in Table 1.

Table 1. Average Total View number for different groups

All Students Estimate P-value
Intercept -44.909 4.30e-05
Total Viewed 13.277 1.29¢-09

We can see that usage of the videos has a statistically significant effect on the final ranks of
the students.This approach was also applied to segments of the data set to examine how this
effect changes depending on the initial ranks of the students, which is determined based on
their performance on the first three quizzes of the course. The students were segmented into:
Top 10%, Bottom 10% and Middle 80%. The results of the linear fit are given in Table 2.

Table 2: Coefficient estimates and p-values of the linear model for different segments

Estimate P-value
Intercept -157.978 8.62E-12
Top 10% .
Total Viewed 8.444 0.051
Intercept 181.729 5.67E-12
Bottom 10% .
Total Viewed 3.283 0.613
Intercept -62.946 1.10E-06
Middle 80% )
Total Viewed 16.834 1.79E-11
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While all of the coefficients related to video usage are positive, it can be seen in Table 2 that
this does not provide a statistically significant difference in both of the extreme deciles.

4. Conclusion

Our data has shown that, for this first year finance course, the usage of video recordings has
a strong impact on a typical (in our case, someone in the middle 80%) student’s academic
performance. This aligns with our personal expectations and experiences in delivering this
course, and conclude that providing lecture recording to augment traditional learning
methods does indeed benefit most students.

However, these effects are not as clear in either of the extreme ends. For these extremes, our
hypotheses are as follows. The students that start in the top 10%, in general, may simply be
inherently strong enough that video usage has minor impact on their academic performance.
Conversely, the students that start in the bottom 10%, in general, may be either inherently
weak, broadly disengaged, or had serious ongoing external interruptions to their study to the
point that, again, video usage has minor impact on their academic performance.

We also recognise that there are many other influencing factors impacting a student’s
performance, such as time spent on practice questions and attending tutorials, and that use of
video recordings is not the sole deciding factor of a student’s performance. However, we do
not have useful data available on these other factors and cannot give any definitive comments
here. It would also be very difficult to control for these factors.

We would also like to add a comment that the students in this data set would have, for the
most part, already graduated, and so contacting them for more data would be highly
impractical.

The immediate implications of our results here are that, again, recordings should not only be
provided to students, but their use should also be encouraged. More broadly, it reinforces the
idea that a student’s engagement is pivotal to their learning and performance; additional
engagement with the content provided in a course yields clear benefits.

Finally, we suggest a few possibilities for future research. The time delay between lecture
recording being made available and the time it is viewed by the individual student may also
turn out to be an important factor in predicting a student’s performance. In light of online
delivery resulting from the pandemic, this option is much more practical as the data is readily
available (as compared to F2F delivery). The weekly quizzes and weekly lecture recordings
could be analysed using time series methods. Like before, this idea is much more viable given
online delivery and the associated extra data that can be collected. This analysis could also
be repeated for a smaller second or third year course to see if the same effects are observed.
Based on past teaching experience, we expect that a similar pattern would be observed, but
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less extreme. This study could also be pushed further by adding additional multimedia
content, and running a similar analysis on the additional content.

References

Ali, S. (2019). Impacts of watching videos on academic performance at university level.
European Journal of Education Studies. Retrieved from
https://academic.microsoft.com/paper/2952547676

Aristovnik, A., Kerzic, D., Ravselj, D., Tomaazevic, N., & Umek, L. (2020). Impacts of the
COVID-19 pandemic on life of higher education students: A global perspective.
Sustainability, 12, 8438.

Armstrong, A. W., Idriss, N. Z., & Kim, R. H. (2011). Effects of video-based, online
education on behavioral and knowledge outcomes in sunscreen use: a randomized
controlled trial. Patient education and counseling, 83(2), 273--2717.

Bezerra, I. M. (2020). State of the art of nursing education and the challenges to use remote
technologies in the time of corona virus pandemic. Journal of Human Growth and
Development, 30, 141--147.

Borup, J., West, R. E., & Graham, C. R. (2012). Improving online social presence through
asynchronous video. The Internet and Higher Education, 15(3), 195--203.

Brame, C. J. (2016). Effective educational videos: Principles and guidelines for maximizing
student learning from video content. CBE—Life Sciences Education, 15(4), es6.

Brecht, H. D. (2012). Learning from online video lectures. Journal of Information
Technology Education, 11(1),227--250.

Clark, R. C., & Mayer, R. E. (2016). E-learning and the science of instruction: Proven
guidelines for consumers and designers of multimedia learning. John Wiley \& Sons.

Giannakos, M., Chorianopoulos, K., & Chrisochoides, N. (2015). Making Sense of Video
Analytics: Lessons Learned from Clickstream Interactions, Attitudes, and Learning
Outcome in a Video-Assisted Course. The International Review of Research in Open and
Distributed Learning, 16(1), 260-283. Retrieved from
https://academic.microsoft.com/paper/1511916964

Homer, B., Plass, J., & Blake, L. (2008). The effects of video on cognitive load and social
presence in multimedia-learning. Computers in Human Behavior, 24(3), 786-797.
Retrieved from https://academic.microsoft.com/paper/2006343044

Hung, 1.-C., Kinshuk, & Chen, N.-S. (2018). Embodied interactive video lectures for
improving learning comprehension and retention. Computers in Education, 117(1), 116-
131. Retrieved from https://academic.microsoft.com/paper/2766514629

Kizileec, R., Piech, C., & Schneider, E. (2013). Deconstructing disengagement: analyzing
learner subpopulations in massive open online courses. Proceedings of the Third
International Conference on Learning Analytics and Knowledge, (pp. 170-179).
Retrieved from https://academic.microsoft.com/paper/2012265254

Li, N., Kidzinski, L., Jermann, P., & Dillenbourg, P. (2015). MOOC Video Interaction
Patterns: What Do They Tell Us? Proceedings of the 10th European Conference on

205



Assessing the impact of recorded lectures on learning effectiveness

Technology Enhanced Learning, (pp- 197-210). Retrieved from
https://academic.microsoft.com/paper/1812434695

Mayer, R., & Moreno, R. (2003). Nine Ways to Reduce Cognitive Load in Multimedia
Learning.  Educational ~ Psychologist, 38(1),  43-52. Retrieved  from
https://academic.microsoft.com/paper/2126153334

Mitra, B., Lewin-Jones, J., Barrett, H., & Williamson, S. (2010). The use of video to enable
deep learning. Research in Post-Compulsory Education, 15(4), 405--414.

Mohmmed, A. O., Khidhir, B. A., Nazeer, A., & Vijayan, V. J. (2020). Emergency remote
teaching during Coronavirus pandemic: the current trend and future directive at Middle
East College Oman. Innovative Infrastructure Solutions, 5, 1.

Robertson, B., & Flowers, M. (2020). Determining the impact of lecture videos on student
outcomes.  Learning  and  Teaching,  13(2), 25-40. Retrieved from
https://academic.microsoft.com/paper/3045509907

Ronchetti, M. (2010). Using video lectures to make teaching more interactive. /nternational
Journal of Emerging Technologies in Learning (ijet), 5(2), 45-48. Retrieved from
https://academic.microsoft.com/paper/2099420202

Shih, R.-C. (2010). Blended learning using video-based blogs: Public speaking for English
as a second language students. Australasian Journal of Educational Technology, 26(6).

Sinha, T., Jermann, P., Li, N., & Dillenbourg, P. (2014). Your click decides your fate:
Inferring Information Processing and Attrition Behavior from MOOC Video Clickstream
Interactions. Proceedings of the EMNLP 2014 Workshop on Analysis of Large Scale
Social Interaction in MOOC:s, (pp- 3-14). Retrieved from
https://academic.microsoft.com/paper/2963872107

Stohr, C., Stathakarou, N., Mueller, F., Nifakos, S., & McGrath, C. (2019). Videos as learning
objects in MOOC:s: A study of specialist and non-specialist participants' video activity in
MOOC:s. British Journal of Educational Technology, 50(1), 166--176.

Sun, P.-C., & Cheng, H. (2007). The design of instructional multimedia in e-Learning: A
Media Richness Theory-based approach. Computer Education, 49(3), 662-676. Retrieved
from https://academic.microsoft.com/paper/2170877245

Sykes, R. (2012). The Impact on Student Learning Outcomes of Video When Used as a
Primary Teaching Tool in the Internet Hybrid Classroom. Annual International
Conference on Computer Games, Multimedia and Allied Technology. Retrieved from
https://academic.microsoft.com/paper/1968145673

Wang, Y., & Baker, R. (2015). Content or platform: Why do students complete MOOCs?
Retrieved from https://academic.microsoft.com/paper/2181987516

Williams, A., Birch, E., & Hancock, P. (2012). The impact of online lecture recordings on
student performance. Australasian Journal of Educational Technology, 28(2), 199-213.
Retrieved from https://academic.microsoft.com/paper/2141794008

Zhang, D., Zhou, L., Briggs, R. O., & Nunamaker Jr., J. F. (2006). Instructional video in e-
learning: Assessing the impact of interactive video on learning effectiveness. Information
& Management, 43(1), 15--27.

206



8th International Conference on Higher Education Advances (HEAd’22)
Universitat Politécnica de Valéncia, Valéncia, 2022
DOI: http://dx.doi.org/10.4995/HEAd22.2022.14558

Digital skills of Valencian university students

Daniel Lloret-Irles, Jose Vicente Segura-Heras, Antonio Miguel Nogués-Pedregal,
Claudia Saumell-Castello, Maria Akita-Udrea

Catedra Brecha Digital y Buen Uso de las TICs, Universidad Miguel Hernandez, Elche,
Spain.

Abstract

With the outbreak of the COVID-19 pandemic, higher education changed
overnight from face-to-face to e-learning. The tech shortcomings during the
lock-down period were expected to affect students from the most
disadvantaged stdents in a more negative way. The aim is to detect the
strengths and weaknesses of Valencian university students in relation to the e-
learning modality. A sample of 18,295 students from the five public Valencian
universities, answered a four-sections online form: equipment, connection,
experience and attitude. Results show that the Valencian university student
community, in general, has sufficient equipment to follow e-learning,
nontheless 2% do not have any computer, not even in shared use. Three out of
four have a broadband conection, but 0.7% of the participants cannot afford
Internet access. 50% self-assess as a medium-low competence, two points in a
a five-level scale. Opinions reveal a strong preference for face-to-face
teaching, although e-learning advantages are positively valued
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1. Introduction

Lectures and Professors have always made use of any technology available to them to
enhance learning, but the advent of the digital age has significantly boosted this process of
technification. Since the end of the 20th century, when platforms for online teaching began
to become popular, e-learning has not stopped growing. In 2019, the global e-learning market
reached $200 billion, and is estimated to grow by 8% per year until 2026 (Preeti & Saloni,
2020). However, growth estimates made before the COVID-19 era have been rendered
obsolete, and surpassed by current market forecasts. The estimate made by Global Industry
Analysts in the aftermath of the global global pandemic is that the value of the e-learning
industry will exceed US$305.3 billion by 2025 (Wadhwani and Gankar, 2021).

With the outbreak of the COVID-19 pandemic, the situation practically changed overnight
from face-to-face learning to e-learning. As a preventive measure, in March 2020 the
academic authorities decided to suspend face-to-face teaching activities, leaving the
universities to decide on the distance or blended learning systems that would allow them to
continue teaching. Each university chose its own tools for teaching classes, enhancing its
existing virtual campuses and, in many cases, opting for institutional videoconferencing
platforms, such as Microsoft Teams or Google Meet.

The immediacy of the measure strained the universities' learning processes, making it
difficult for students to adapt. University autonomy allowed schools and faculties to adopt
various measures aimed at completing the academic year while maintaining the quality
standards of education, and the Valencian higher education system demonstrated its
resilience.

The tech shortcomings during the lock-down period affected students from the most
disadvantaged families in a more negative way (Andrew et al., 2020; Hanushek y
Woessmann, 2020). In order to guarantee equal opportunities and educational equity, the
Valencian universities implemented mechanisms for inspection and attention to the most
vulnerable population. One of the objectives was to identify this type of student body in order
to provide them with support through the provision of equipment, connections and/or
training.

2. Objectives

The main objective of this study is to detect the strengths and weaknesses of Valencian
university students, especially new entrants, in relation to the e-learning modality.

More specifically, the objectives of this study are as follows:

1. Determine the hardware and software equipment of the student body.
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2. To know the type and speed of connection available to them.
3. To describe the experience and knowledge of online teaching tools.
4. To know the predisposition of the students towards e-learning.

3. Method

3.1. Participants

The study population is made up of the undergraduate students of the five Valencian public
universities enrolled in the 2020-2021 academic year. A total of 20,131 students participated
in the study. The 1.82% (367 cases) decided to abandon before finishing the questionnaire.
The sample filtering process included the identification of out-of-range responses, repeated
cases and inconsistent responses, leaving the final number of valid cases at 18,295.

The final sample consisted of 11,907 women, representing 65.1% of the valid responses. The
median age was 20 years, both for men and women. n

3.2. Procedure

After obtaining authorisation from the UMH's project evaluation body (Ethic Committee
code DPS.DLI.01.20 ), fieldwork started on September and lasted until October 2020. In
order to encourage participation, the following communication strategies were implemented:

Social net Message

Student
Representative Bodies.
Announcement
( Schools and Faculties
E-mail
Students Vice Rectors

Face to Face Classrooms
Students Representative Bodies

Figure 1. Communication strategies

3.3. Measures

All data were obtained through a single online form: Questionnaire on Equipment and Use
of Information Technologies by University Students compouned by 39 items organized in
four sections: equipment, connection, experience and attitude, in addition to a section on
sociodemographic and academic information. To build the questionnaire we applied a five-
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stages methodology: I. Documentation, II. Item bank construction, III. Selection of items /

Panel of experts IV. First version, and Piloting and V. Final Version

4. Results

4.1. Equipment

The Valencian university student community, in general, has sufficient equipment to follow

e-learning.

91.4% of the student body has a laptop for individual use. While 4.3% have a
desktop computer as their only equipment.

4.3% reported having neither a desktop computer nor a laptop for personal use. This
percentage is stable throughout the academic years. As an additional characteristic,
six out of ten of these students live in the family home.

It is estimated that approximately 2,000 Valencian university students (2%) do not
have any computer, not even in shared use.

4.2. Internet Connection

In general terms, there are not excessive shortages in terms of the type of Internet connections

by the student community.

Three out of four students have access to broadband. Of those surveyed, 78.8% had
fiber optics or ADSL. These results are consistent with those reflected by the Report
on Digital Society (National Observatory of Telecommunications and the
Information Society, 2019).

700 Valencian university students would not have any type of Internet access. 0.7%
of the participants cannot afford Internet access. These results are in line with those
presented in the report on the Survey on Equipment and Use of Information and
Communication Technologies in Households (INE, 2019).

Eight out of ten students have two or more gigabytes in their mobile data contract.
Despite widespread access to mobile data, the availability of broadband means that
the use of mobile data at home is low (28%).

4.3 Experience

Digital skills present marked differences mainly in terms of the gender and discipline of

knowledge, above all.
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the final years of a degree in Engineering and Architecture, preferably enrolled at
the Universitat Politécnica de Valéncia.

One out of two students rate their digital competence at user level, that in a five level
scale corresponds to a medium-low competence.

University education has a direct relationship with the level of digital skills. As one
progresses through the academic year, the basic skills profile decreases, while the
medium and high skills profiles increase.

Men report higher digital competence than women (32.5% vs. 11.8%). It should be
remembered that the measure does not reflect actual knowledge or competence, but
rather their self-assessment, so it is worth asking whether women are more cautious
in this regard.

4.4 Attitudes toward e- learning

Academic level is the main variable to classify the attitudes toward teaching in e-learning

modality. First-grade students are significantly less motivated than advanced ones. In figure

2, blue color corresponds to high attitude towards using e-learning to teach, that increases as

grades grow. In the higher grades, fourth grade and higher, women show a lower attitude.

Opinions reveal a strong preference for face-to-face teaching, although e-learning advantages

are positively valued. This is probably due to the fact that face to face is percibed as major

component of presential higher education courses.

Students value positively the online evaluation. Overall satisfaction with the
platforms, the lectures, the evaluation and the faculty is moderately positive, 3
points out of 5.

The most highly valued advantages of e-learning are the opportunity to organize and
save time, and the savings in transportation and accommodation.

The main disadvantages of e-learning are: it makes it difficult to concentrate,
negatively affects performance and sociability. Women and men rate it similarly.

5. Discussion

The aim of this study was to analyze the strengths and weaknesses of Valencian university

students, especially new entrants, in relation to the e-learning modality. For this porpuse a

sample of +18000 university students was surveyed on equipment, Internet connection,

experience and attitudes toward e- learning.
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Figure 2. Attitudes toward teaching in e-learning modality.

The results show that practically all university students have sufficient equipment and
connection to follow online teaching. It is noteworthy that 2% of the participants have no
computer, not even in shared use and 0.7% cannot afford Internet access. What means a
lower proportion than the general population. The Survey on Equipment and Use of
Information and Communication Technologies in Households found that 3.2% of households
do not have Internet connection (INE, 2021).

Regarding attitudes toward teaching in e-learning modality, there is a concern that e-learning
difficults to concentrate, and negatively affects performance specially in first grade students.
These findings are consistent with previous studies developed during the COVID-19
lockdown where first-year students were significantly less motivated during the learning
process than older students (Stevanovic, Bozic & Radovic, 2021).

The COVID-19 lockdown boosted the e-learning compulsory modality, and prevented from
physical social interactions. This lack of face-to-face social activity could explain the
difference in attitudes between lower and higher grades, assuming that first grades students
are more interested in attending events such as meetings, classes, or even parties where they
can meet their new classmates. This argument is in line with Giannoulas et al. (2021) that
refers that e-learning prevents a satisfactory communication between students and students
and teachers. However, the results are inconclusive, in that other studies show that there is a
significant positive effect of COVID-19 lockdown on students’ performance (Gonzalez et al,
2021).

E-learning offers an opportunity for individuals who find it difficult to take part in face-to-
face education. Students appreciate the flexibility of e-learning to reconcile work, family and
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education. It is the preferred option for older students many professionals who need the
continuous training of postgraduate studies to update their knowledge in a constantly
evolving market. E-learning has also provided an opportunity for those who live in remote
areas and find it costly to attend face-to-face classes. In addition to the cost of tuition and
materials, these students have to pay extra for travel, accommodation and living expenses.
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Abstract

Guided inquiry-based learning centered on ethanol - used in the last eleven
years in the first year of graduation in chemistry in a course created to
stimulate critical thinking and integration in the university world - is presented
and described. This ranges from the calculation of concentrations and the
estimation of the rates of elimination and energies involved, to more
controversial, as women and men characteristics, alcohol and diet paradoxes,
societal issues, as binge drinking, and technological issues, as the working of
the breathalizer. All these issues are discussed using scientific results and
show in practice how science develops and can be used for students' daily life.
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Ethanol in class and at home: a chemical guided inquiry

1. Introduction

October and May (last year made with restrictions in some countries and the year 2020
canceled everywhere) have traditional student festivals all over the World. The present
material was used in the last eleven years in a first-year course of “Tutorial in Chemistry” of
the graduation in chemistry. The classes were also online and blended in recent years. The
course “Tutorial em Quimica” has 6 ECTS (European Credit Transfer System) and was
planned to stimulate critical thinking and to integrate students into the university. The
students have two types of lessons: (i) theoretical-practice (TP) ones, with two hours a week
along the semester with problems and discussion, and (ii) tutorial contact in small groups
(typically four) with senior professors. The evaluation is made by mini-tests and oral
presentations in the TP and the evaluation of the small groups is chosen by the tutors, ranging
from writing and discussing articles to delivering presentations. In October, before the
traditional students' festivity (“Latada”), we have a special class dubbed informally as
“alcohol class” where these subjects are discussed, namely calculation of concentrations,
rates of elimination, how it works the breathalizer, drinking too fast, and social, even
controversial issues, related with alcohol. It was used with 217 students since 2011.

In Portugal, and many other countries, the legal age to drink is 18 years, but in some countries,
this age can be 21 years. Unfortunately, there are common problems with young people (see,
e.g., Engs, 1990; Nystrom, Perdsalo & Salaspuro, 1993; Miller & Weafer, 2009). Alcohol
can be also a dangerous drug (Nutt, King & Philips, 2010). A larger number of fatalities in
traffic are due to alcohol misconduct. Nevertheless, class and take-home discussions
involving alcohol consumption (Nutt, King & Philips, 2010; Maio Clinic Staff, 2020) are in
this work directed towards critical thinking and social issues that can be tackled using
scientific methodologies.

In this paper, we present and describe guided inquiry-based learning (see, e¢.g. Gaddis &
Schoffs et al. 2007) centered on ethanol to several matters, in particular to General Chemistry
and Chemistry and Society. Due to the emotional involvement of the subject, this approach
is expected to reinforce learning and provide issues that due to their nature originate
meaningful knowledge that lasts for life (see, e.g, Chatterjee & Duraiappah, 2020). In the
next section, we detail the methods and results and in the final section, we state the main
conclusions.

2. Results

The first issue is the calculation of concentrations (see, e.g, O’Conner, 1981). Students are
informed (some of them already know) about the alcoholic content of several beverages and
asked to calculate the typical mass of ethanol of normal portions. Then, giving the body mass,
the average volume of blood, and water content of a human body, the concentration of ethanol
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in the blood it is asked to be calculated and compared with tables of intoxication effects.
Students are also asked to be critical about the obtained values. Students that calculate the
concentration based on the average blood volume are puzzled by the non-familiar result and
are led to discover that the volume to use must be the body water content. But, why? The
students can find explanations for this mystery and others (DeLorenzo, 2000; Ferriols-
Pavico, 2002). They may find other ones as the relations between alcohol and fatigue
(Dawson & Reid, 1997; Williamson & Feyer, 2000). Those findings can be legitimate or
wrong. Can be myths, can be outside their level of application, are simply bad interpretations,
or fake news. Care must be taken, of course, as one of the advantages of this dialogue is to
stimulate critical thinking at the same time that matter is learned, not to reinforce wrong or
mythical ideas. To reinforce the way Science works is of utmost importance. (see Table 1 for
a list of issues and questions discussed).

Table 1. Subjects, problems, and exercises proposed to students.

What is made in class:

Calculation concentrations of alcohol of common drinks

Use alcohol concentration to interpret values in news and daily life
Discuss critically articles and myths about alcohol

Calculate rates of elimination and values of energy

Discuss alcohol in terms of time without driving and diet aspects
Discuss how it works the breathalizer

See in practice how science works

What is referred to in class:

Intramolecular and intermolecular bonds and forces
Ethanol as a combustible and sanitizing agent

Historical, geographic, and interdisciplinary issues related with alcohol

We use real examples, and actual concentration calculations, to discuss the issue of binge
drinking and social explanations and myths. It is now clear that the singer Amy Winehouse,
unfortunately, died of alcohol misconduct (McLaughlin & Smith-Spark, 2011) and not from
a “complex syndrome of alcohol abstinence” as previously disclosed (Parker-Pope, 2011).
Based on the news data, students easily estimate the alcohol content and verify the results.
This part of the guided inquiry is complemented with a discussion on the care that must be
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taken with the news. Critical thinking is needed, plausible explanations must be confirmed
with proofs.

Students are also asked to discuss if alcohol consumption can lead to overweight. Some of
them already knew thin binge drinkers, others only know some fat drinkers, and they knew
the labels (in Portugal we have the value of calories - in fact, kilocalories per gram - and an
alert to the pregnant, the analysis of the label can also be made). Back to science, the calories
of ethanol (around 7.1 kcal/g) are given for a certain portion. A calculation of this value can
be made, and an explanation for alerting pregnant women can also be undertaken (if judge
relevant). Alcohol is known to be highly caloric (the problem of feeling hot relating to ethanol
being a vasodilator can be postponed) is known as the alcohol intake paradox (Jéquier, 1999)
alcohol metabolism paradox (Shorey, 1999), or effect on nutrition paradox (Feinman, 2001;
Aguiar, Da-Silva, & Boaventura, 2004). Most of the students see that heavy alcohol
consumption can induce metabolic and behavioral changes. This can be more advanced and
include the kinetics of drugs in the body (Calder, 1974) and biochemistry, saving lives with
alcohol (Scala, 1973) and intoxication treatment (Breedlove, 1982). Of course, science is
non-static and we had new treatments (Mégarbane, 2010). This can focus also on medicinal
chemistry, the development of new medicines, and the nature of science. A trivial question
is about drinking too fast (Ekelson, 1973). The warning appears naturally based on
calculations.

Body fat percentage is sometimes considered the solution for the supposed mystery of the
feminine part of humanity being more sensitive to ethanol than men (DeLorenzo, 2000;
Ferriols-Pavico, 2002). Students are asked to be critical about this explanation. Some refer
to the need for controlled studies, most of them pointing to volunteers with similar weights.
The supposedly relevant psychological and sociological issues, as gender roles, and others
appear naturally at this point. Again students are asked to be critical and scientific, not moral.
Gender differences in alcohol consumption have already been studied (see, e.g., Engs, 1990;
Nystrom, Perdsalo & Salaspuro, 1993; Miller & Weafer, 2009) but the sexual behavior and
chemistry can also be discussed, if judged relevant. A review (Jones, 2010) it was proposed
the average value of 15 g/kg/h for moderate drinkers and 19 g/kg/h for binge drinkers. Those
values can be used to discuss the transformation of variables, how it works in the scientific
literature, the review system, what is a meta-analysis, chemical kinetics, and dimensional
analyses, depending, of course, on the levels involved. The thermodynamics of drink driving
(LaBianca, 1990; Thompson, 1997) are also referred to as average equilibrium constants
based on Henry's law. In a more advanced course, critical analysis of statistical data
(LaBianca, 1999), as well as analytical chemistry experimental determination of alcohol
content (Lokken, 1975) and equipment used in the lab and daily life. Also, it is discussed the
healthy effects of moderate drinking compared to the devastating effects of binge drinking
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(Stockwell et al. 2016). This calls not to moralistic views but to a critical analysis of the
literature and meta-analyses.

Of course, two hours of the class are not enough to touch profoundly most of these issues.
The discussion of what originates "tears of wine" (Gugliotti & Silverstein, 2004). Ethanol
can also be used for studying and teaching chemical bonding and intra- and intermolecular
chemical bonds as usual. The question of 70% versus 96%, for example, may arrive, and this
involves a lot of knowledge but in the end, experimental results show that the rates of
evaporation are similar. So, why 70% is recommended? The historical and geographical
issues can also be explored. In France, for example, alcohol in school was only prohibited
only in 1956. Before that, wine is granted to all students at meals. Moreover, it is usual until
recently to think of alcohol as a powerful substance. It was provided not also to students but
also to workers. The working journey can include an amount of wine (in some countries of
beer). How did this change? This is an inquiry that can also be followed depending on the
degree of interdisciplinary that can be intended in the project. There are connections to
history, geography, and others, it depends on the Country. In Portugal, both guided inquiry
and interdisciplinary work are encouraged and taken as normal learning hours. Ethanol as
combustible can also be studied and discussed (Pietro, 2009). In fact, after calling attention
to a common substance one can teach and discuss most of the subjects scientifically. Most of
these subjects are explored in this class.

3. Conclusions

Ethanol can be used in a series of subjects, concentrations calculation, thermodynamics and
chemical equilibrium, chemical kinetics, critical thinking, everyday chemistry, observation,
and analyses of the literature. It can be used also in interdisciplinary projects involving
biology, historical, geographic, and philosophical issues. This molecule and the material
based on it is very familiar to the students, and during the inquiry, some ethical issues are
raised, creating an emotional discussion and, hopefully, more permanent learning.
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Abstract

As design practice becomes increasingly connected, designers are
increasingly engaging with data practices in their day-to-day work. To
facilitate this practice, design education needs to embrace data design. In this
paper, we introduce a Master-level elective course around the Data-enabled
Design methodology. This challenge-based learning activity aims to teach how
to use data as a creative material while addressing real-life design challenges
from selected industrial partners. In this article, we demonstrate how our
master students learn how to prototype, conduct data-enabled interviews,
adapt their prototypes, and introduce design interventions via a multi-step
approach, leveraging their growing knowledge and skills around contextual
data. We share how we use a strong collaboration with our industrial partners
and a predefined data infrastructure to help our students use data for sharing
valid research findings and presenting experiential interventions.
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1. Introduction

Design practice is continuously changing as new technology is being developed and societal
challenges change. A design curriculum evolves with emerging technology and needs to
address and invoke impact in society. As teachers in design-related education, this means that
we create engaging learning activities that fit the open-ended nature of current societal needs
and curriculuar learning objectives. Recent trends around big data, smart homes and artificial
intelligence have opened up completely new design spaces and design challenges, such as
human-AlI collaboration, trust between humans and Al and the quantified self movement.
Existing approaches to designing with data reach from data-driven design, to data-informed
design (King et al, 2017) and data-enabled design (van Kollenburg and Bogers, 2019). To
introduce students to Data-enabled Design (DED), the first edition of the DED course was
set up in 2019. Currently, three editions of the course have taken place with a total of 91
students spread over three years. In this paper, we wish to share insights into the educational
challenge of creating a course where fast-paced, open-ended, student-led data collection can
result in valid research findings and experiential interventions. We introduce the course setup
and the learning outcomes and analyse student work. Finally, we reflect on educational
insights and possible improvements for the course and data design education more generally.

1.1. Data-enabled Design

Data-enabled Design (van Kollenburg and Bogers, 2019) describes a situated design practice
aimed at using data as a creative material for designing intelligent ecosystems. Intelligent
ecosystems are a dynamic composition of interrelated products, services and people. By
collecting data and using artificial intelligence, these systems learn to understand their users
and to adapt to them based on their interactions. The term DED describes a design process
that consists of a research-oriented contextual step and a design-oriented informed step. The
research-oriented contextual step draws from modern ethnographic practices and is meant to
gain an understanding of the everyday context. In this step, design researchers engage
participants to gain contextual insights into the relevant design space. Through building and
distributing design probes, objective and subjective data are collected. The design team then
uses this data to conduct data-enabled interviews. The contextual step typically lasts 3-4
weeks and involves 6-8 participants. Afterwards, using the collected data for the design-
oriented informed step allows design teams to introduce inferventions into participants’
contexts. This step can be conducted with the same participants as the contextual step, but
often a new group of participants is recruited in order to test the assumptions from the
contextual step against a fresh pool of participants and their contexts. The informed step is
more reactive, not only gathering data but also providing real-time feedback on the data. This
step typically lasts 3-4 weeks and involves 10-12 participants. In recent work, we have also
explored how to scale up and expand DED for other contexts (Noortman et al, 2022).
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1.2. Department of Industrial Design at Eindhoven University of Technology

The educational program at Industrial Design at Eindhoven University of Technology (TU/e)
has a strong challenge-based learning character (Johnson et al, 2009), as we strive to create
societal relevance for the students’ projects and courses from the first year onwards. The
focus of the department is on designing and creating intelligent systems, products and related
services. Students are educated to actively reflect on their work, as well as their vision on
design (Hummels and Frens, 2009). This means that the curriculum is very dynamic and
adapts quickly to new societal and technological trends. The students often work with
emerging technology and adopt new methodologies and techniques. In response to this
continuous innovation, new courses are often set up and courses are rarely taught in the exact
same way in consecutive years. To fit into the growing need for designers who fluently
engage with data (Lovei et al, 2019), we created a course where students collect, analyse and
use data as a creative material for the design process.

2. Data-enabled Design course

In the course, students follow a shortened version of the DED process compared to the drawn-
out version that is applied in design practice and industry. In line with challenge-based
learning, the course uses examples from design practice as real-life use cases for the students
to engage with the methodology. Additionally, the course has a strong focus on collaboration
with stakeholders from industry that are active in the development and the application of the
methodology (specifically Philips Experience Design and to a lesser extent Novo Nordisk).
These partners participated by formulating the design challenges, and by giving guest
lectures.

The uniqueness of this course in the program is the engagement with participants early on in
the course. The students select one of the challenges provided by the industrial partners,
create a prototype for a design probe and deploy it in a participant’s context (research-
oriented contextual step). This data collection is student-led and open-ended. Students
appreciate the high speed and the tools provided to them, including the pre-defined data
infrastructure. Throughout the course, students use collected data and conduct data-enabled
interviews with participants. They use these findings to select new participants and deploy
redesigned prototypes in their context (design-oriented informed step). In the final session of
the course, students reflect on their process and present their achievements to the teaching
team and industrial partners.

2.1. Course content

The aim of the DED course is to teach students about the role of data in a design process, and
how data can be used as a creative material. The content of the course can be divided into
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three main topics: designing and prototyping context-specific data trackers, data collection
and analysis, and designing a contextual intervention that makes creative use of data.
Students receive various tools to help them throughout the course, including a prototyping
toolkit with microcontrollers and sensors, access to the OOCSI connectivity middleware
(Funk, 2019) and access to a research data management platform to store sensor data and
host datasets for analysis.

During the course, we emphasize the need for detailed information about the type of data
being collected and gaining informed consent from study participants prior to data collection.
Later lectures cover how to analyse the data, with a special focus on how to use the
quantitative data as input for the so-called data-enabled interviews. By discussing data
visualisations with participants in these interviews, students are encouraged to find the deeper
qualitative explanation of the quantitative data.

One of the core elements of the DED methodology is to remotely adapt prototypes while they
are situated in the target context. This way, the prototyped data collectors can respond to the
collected data in real time and allow student teams to carefully craft and deploy interventions.
This is a means to try out more and more dynamic design iterations compared to a traditional
design process. The informed step means that students are challenged to come up with design
interventions that offer a creative response to the findings from the contextual step—using
collected data as a creative material in their open-ended design process.

2.2. Course set-up

The DED course is an elective course in the Industrial Design Master program that is open
to students from across the TU/e. The course is aimed at teaching knowledge, skills and
attitude related to the DED methodology, which is more widely used within Philips
Experience Design. The course is hands-on: students follow theoretical lectures alongside a
design research group project. Like most Industrial Design elective courses, the course
introduces new theory such that the students learn new methods to apply in their semester-
long design projects.

There are no prerequisites to register for the course. Nevertheless, students are expected to
have prior knowledge of general design research methodology and to be familiar with basic
technology prototyping. Students are deliberately mixed in teams to support a broad variety
of personal learning goals and styles in the group assignments.

In total, 91 students participated in the course in 2018/2019 (22 students), in 2019/2020 (23
students) and in 2020/2021 (46 students). Slightly different design cases were covered in the
different editions of the course. The first two years, the design case was centered around air
quality. The third edition offered three different design cases: sugar (focused on diabetes),
home environment and mood (mental health).
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3. Course outcomes

Due to the open-ended nature of the course, the outcomes are versatile. Students in the course
and Master program are encouraged to direct their own development, and thus also
encouraged to explore the parts of the DED methodology that fit most naturally with their
vision on design and the designers that they want to become. In grading the course, we do
not compare outcomes between teams and instead focus on a team’s ability to creatively use
the collected data for presenting research findings, and to consistently design a final
intervention that meaningfully uses data. To discuss the merits of our chosen approach to
design education, we present the students’ course deliverables and analyse how different
teams engaged with data in their projects. We aim to identify how the learning experiences

in the course shape the outcomes. Figure 1 shows four representative projects, which is a

‘\"\d 3

selection out of a total of 25 projects.

=
“The Knot”: Abstract | “Air quality dashboard”: | “Not the FBI”: A home | “Bon Voyage”: A toolkit
data visualization for co- | combining self-reported | notification system that | for ludic engagement

'™

responsibility of diabetes | productivity —and air | communicates about air | with indoor climate data
patients and their social | quality in the working- | quality through smart
support system from-home domain lights

Figure 1. Examples of student outcomes in the course

Overall, we see some general themes in the types of projects that students pursue. The largest
group of teams (9 projects) focused on data visualization and physicalization, like The Knot,
where the design challenge is seen as one where data is physically brought into a space to
encourage reflection by its users. The main aim of these projects is commonly described as
‘raising awareness’ (T18-01, T19-01, T19-05, T19-07, T20-03, T20-04). These projects are
product-focused and generally aim to solve contextual issues that the teams identified based
on the collected data during the contextual step.

Another large group of teams (7 projects) focused more specifically on facilitating end-user
awareness and insights into data, and managing processes associated with that data, such as
the Air quality dashboard. These projects typically resemble a dashboard and provide users
with graphs and numbers, as well as suggestions on actions they might take. In some cases,
data that was interpreted as unwanted behavior would result in a detracting intervention (T18-
07, T20-07). Generally, these dashboard designs made it easy to ‘continuously [develop the
solution] further, while it remained in the everyday setting of the participants’ (T18-03).
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These projects were system-focussed, and clearly aimed at sense-making, reflection and
analysis of collected data.

There were a few projects (4 projects) that took a similar approach to the dashboard teams,
but provided an additional layer through contextual automation. After an initial learning
phase, their prototypes would provide a practical implementation into everyday routines such
as automatically opening windows when the air quality is low (T18-05) or seamlessly
embedding notifications about air quality into the home through smart lights (T20-06, Not¢
the FBI). What set these projects apart from the previous category are the first steps towards
intelligence in the ecosystem, where one element responds to another autonomously and
without user intervention.

There were a few teams (3 projects) that took the data they collected in the initial phases as
input for new data processes, e.g. to ‘promote exploration and help create new connections’
(T19-02, Bon Voyage) or to ‘[create] conscious awareness of mood over a long period of
time through self-reflection’ (T20-09). In these cases, the resulting design would encourage
users to engage with data in new ways, and invite researchers to look at contextual data from
new perspectives. These designs were more creative explorations of data, with a stronger
focus on qualitative data and interpretation, and the teams were research-focussed, ready to
push the boundaries of data collection and to use that data creatively.

Finally, there were two teams with an entirely different approach to data. These teams
organized focus groups to collect extra data (T20-08) or mainly used the data to improve the
data collection process, rather than use it to come to design solutions (T20-10).

4. Discussion

Over the past three editions of the course, we have been impressed by students’ achievements.
We set out to design a course that helps students to iteratively and creatively engage with
collected data in an open-ended, challenge-based design process. We provided a data
infrastructure and close collaboration with industry to breach the gap between design
education and design practice. At the same time, we took advantage of the flexible course
structure to experiment with new technology, introduce diverse design challenges and
emphasize different aspects of Data-enabled Design.

4.1. The role of data in the course

Data-enabled design places data at the core of the design process; consequently, learning
about data collection and data analysis have a prominent role in the course. The main learning
goal is to make sense of data and use it creatively in design, without letting go of design
intention and intuition. Students are quickly able to collect and engage with data collected
from participants’ contexts using the tools provided. They are able to present research
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insights based on data visualizations, descriptive statistics and data-enabled interviews.
However, moving into hands-on design work towards meaningful contextual design
interventions remained a challenge for most of the teams. The teams that were more
successful in this regard were those with a balanced distribution of technical and design
backgrounds. In the first edition of the course we saw the methodology stay close to its
application in industry. In the second and third editions we saw students lean more towards
abstract data visualization as a result of an emphasis in the lectures on finding the stories
behind the data. This approach also opens up the need for a new perspective to the
methodology, with more creative exploration of the role of data for design practice.

4.2. Open-ended design cases

The design cases are deliberately kept open to allow students to “follow the data” and adapt
to the unfolding challenge rather than a rigid design brief. The open setup was intended to
allow for creativity and open interpretation of the data and design context, and consequently,
we saw the last two editions strongly lean into topics around the pandemic and working from
home. While the shifts in design direction were promising, they were often not congruent
with collected data and derived insights. Students would often short-cut promising lines of
data-led exploration by following their intuitive assumptions about a familiar context. And
the crucial fork in the path only became apparent later when a course correction was no longer
possible. Designing in open-endedness needs different educational interventions, often
counter-intuitive to growing designers, who strive to converge fast and reduce uncertainty.
A second critical aspect of open-ended design education in this course is the overlap between
the different design challenges that we offered. Designing in this overlap invites for
convergence across cases, mistaking the collected data and insights as similar and indicative
of similar phenomena. This warrants more investigation, and preparing cases that are further
apart, contributed by more diverse industrial partners.

4.3. Evolution of DED education

Moving forward, we see DED develop into two more specific strands, where one stays close
to its current use in industry (focused on ecosystem design), and the other is more focused
on the design research outcomes and innovating data collection practices (focused on design
probes). Besides teaching the students how to apply the DED methodology, the course also
serves as a venue for us as researchers to better understand and further refine and explore the
methodology, especially outside of organisations with elaborate resources and infrastructure,
such as our industrial partners. Taking the methodology outside of the industrial context
allows for deeper exploration of the research possibilities with the methodology. A second
aspect of evolving DED education is related to the support infrastructure that we provide,
mainly connectivity and data collection technology, technical examples, blueprints,
assembled kits and video lectures. Over the course sequence of three years, we have observed
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that a good data infrastructure setup is as essential in the educational format as it is in
industry. Especially the contextual step requires a fast pace, leaving mere days between kick-
off and the first deployment of a working data collector in a target context. This is not
something that we can expect students to develop in an entirely self-directed manner. This
led to the development of a toolset for students to be used. By creating a stronger overlap
between the design challenges and the provided creative technologies, the first encounter that
the students have with “their” data is meaningful and naturally leads into the informed step
with more intensive design action.

5. Conclusion

In this paper we have presented and reflected on three editions of the Data-enabled Design
course. We set out to educate designer Master students on how to creatively use data in a
structured process. More than 90 students so far went through their own Data-enabled Design
process. We have seen different trends in the student projects, which we use to reflect on the
further development of the methodology and the course. Going forward, we see opportunities
to further refine the course by introducing more diverse design challenges, and providing a
solid infrastructure that allows for even more meaningful interaction and design with data.
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1. Introduction

In recent years, academic education has undergone a transition from traditional, teacher-
focused education to innovative, student-focused forms of education such as active,
collaborative and engaged learning. This development is based on new insights on learning
processes and student learning success, which show that active involvement of students in
the subject matter and learning in groups leads to better learning results and to processing the
subject matter at a higher cognitive level than traditional education focused on reproduction
(Finkelstein et al., 2016; Lasry et al., 2014; Talbert & Mor-Avi, 2019).

However, most classrooms are still designed for traditional education, where the teacher
gives lectures by standing and speaking in front of the group, and the students sit in rows and
listen. All resources available mainly serve to support the explanation by the teacher and thus
the transfer of knowledge from teacher to student, rather than supporting active involvement
of students in their learning process (Brooks, 2011). To facilitate the more student-focused
forms of education, universities are investing in adapting existing and designing new learning
spaces that enable active learning, so-called Active Learning Classrooms (Brooks, 2011;
Lasry et al., 2014; Finkelstein et al., 2016). Active Learning Classrooms (ALC) are often
characterized by a design and layout that encourages student participation and collaboration
between students (Beery et al., 2013). The main characteristics of ALC are flexible positions
of the teacher (in front, between, or behind the students), modular furniture (that facilitates
different configurations and thus interactions, e.g. eye contact), online and offline
possibilities to collect, present or exchange information in different ways such as digital
screens and whiteboards (Finkelstein et al., 2016).

Although much research still needs to be done on the effectiveness and important
characteristics of ALC, it is clear that the space in itself is not sufficient to activate students
in their learning process: crucial in this regard are for example activating teaching strategies
in which the teacher makes optimal use of the affordances of the space, prior experiences
with teaching in such a space, and thorough course preparations (Beery et al., 2013; Thomas
et al., 2018; Metzger & Langley, 2020; Lasry et al. 2014; Talbert & Mor-Avi, 2019). The
relationship between active teaching and ALC is currently being investigated at the
University of Groningen (The Netherlands) where recently various ALCs have been created.
As a first step in better understanding this relationship, we try to answer the question “How
do university teachers experience teaching in an Active Learning Classroom?”. Their
expectations and experiences are themed by their preparations, teaching strategies,
assessment and room configurations of the ALC.
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2. Method

2.1. Participants

During the 2020-2021 academic year, a total of 19 teachers who taught or were going to teach
in the newly designed ALC were approached to participate in the study. Of those teachers,
five dropped out for various reasons. A total of 14 teachers participated in the survey, 10 of
which completed both the pre- and post-test. Two teachers only completed the pre-
measurement and two teachers only completed the post-measurement. On average, they had
12 years of experience as a teacher (M = 12.36, SD = 9.6). One teacher had prior experience
with teaching in an ALC and 10 teachers had some experience with different forms of active
learning in academic education. The teachers were affiliated with five of the total of 11
faculties within the University of Groningen: Faculty of Arts, Faculty of Behavioral and
Social Sciences, Faculty of Economics and Business, Faculty of Science and Engineering,
Faculty of Spatial Sciences.

2.2. Instrument

In order to evaluate the experiences of the teachers with the ALC, a questionnaire was
developed around central themes from scientific literature (Haines & Maurice-Takerei, 2019;
Lasry et al., 2014; Kim et al., 2018; Hernandez-de-Menéndez et al., 2019; Wright et al.,
2019). These themes were ‘“Preparations”, “Teaching Strategies/Methods/Activities”,
“Assessment” and “Configurations/Technology”. Some examples of the questions within
these themes are presented in the Results section. The complete questionnaire can be shared
upon request. Two versions of the questionnaire were developed for the pre- and post-
measurement, respectively consisting of 20 and 13 questions (omitting the questions
regarding general information in the latter). The pre-measurement focused on intentions and
expectations about teaching in the ALC, the post-measurement focused on a reflection on the
manifestation of those expectations. Both versions mainly consisted of open-ended questions.

2.3. Procedure

About a week before the start of each study period (four per academic year), teachers who
would use the ALC that period were approached by email inviting them to fill in the pre-
measurement of the questionnaire. About two weeks after completing each period, the same
teachers were asked to complete the post-measurement. This happened for three of the four
periods of the academic year 2020-2021. Due to practical matters, the teachers in the first
period were only asked afterwards about their experiences. The questionnaires were
distributed via Google Forms. It took approximately 25 minutes to complete each
measurement.
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2.4. Analysis

The responses to the open-ended questions were qualitatively analyzed by identifying
emerging categories (e.g. hybrid teaching, technical facilities, obstacles), and subsequently
structure the responses according to these categories to compare experiences of the
participants. To enhance interrater reliability, the coding process was done independently by
two researchers. Results are presented within the themes ‘preparations’, ‘teaching strategies’,
‘assessment’ and ‘configurations of the ALC’, in line with the structure of the questionnaire.
We used quotes to illustrate the response of teachers.

3. Results

Twelve teachers were questioned about their preparations (pre-test) and experiences (post-
test) with teaching in the ALC at the University of Groningen. Six of the twelve teachers
made use of several ALC at the same time and close to each other, the other teachers used
only one room. The rooms were all characterized by modular furniture, multiple whiteboards
and varying technical facilities which could easily facilitate hybrid teaching. The extent of
flexibility in configurations and technology did however differ between the rooms. The
number of meetings per week within the ALC varied from one meeting of two hours per
week to several full days spread over the period. The number of students present fluctuated
between 16 and 32 students per meeting. Partly due to COVID-19 measures, almost all
courses were given in hybrid form.

3.1. Preperations

At the pre-measurement, teachers were asked about their former experiences with active
learning, and preparations for teaching within the ALC. All participating teachers were
already experienced in making their courses more activating. Four out of twelve teachers
mentioned that they were supported by an 