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1 Introduction

Scientific publications discussing online learning (or distance learning) have sig-
nificantly increased throughout the last decade [7]. The COVID-19 pandemic
represented an unexpected condition that significantly changed people´s habits
and lifestyle along with the education domain boosting even further its digital-
ization, mostly at higher levels [6]. The digitalization of education is facilitating
a pedagogical shift from physical to virtual and distance learning is becoming
more popular every day, as it may partially replace on-campus education [8].
In this new digital scenario, the focus on engagement, the instructor’s role, and
course design concerning the desired outcomes have higher importance [7]. As
for the course design, teachers have been challenged to comply with the Con-
structive Alignment (CA) approach [3]. In this work we assume that Teaching
Learning Activities (TLA) and Assessment Tasks (AT) should be adjusted to
achieve the same Intended Learning Outcomes (ILO) set before distance learn-
ing [9]. In view of the above, this paper assesses two courses selected from the
Industrial Engineering study program offered in two prominent European higher
education institutions. The CA approach is the baseline of this work and is used
to analyse how the TLA and AT of the selected courses are adjusted to main-
tain alignment with the ILOs defined before the digital transition [9]. The main
contribution is defining a set of categories from the evidence collected to guide
the digital transaction in engineering and beyond by maintaining the alignment
on ILO-TLA-AT.

2 Theoretical background

The CA is a design approach for outcome-based teaching and learning. This
approach was proposed by [2] and it is based on two principles:
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The constructivist approach to learning: its fundamental assumption is the
centrality of the student activities in the learning process. The learner actively
constructs their own knowledge [5] “bringing an accumulation of assumptions,
motives, intentions, and previous knowledge” [1]. Therefore, the focus is shifted
towards what the student does [2]. This has become dominant in the education
domain.

The designing of aligned curricula: the learners are provided with a set of
clearly specified learning goals, i.e., the ILO. Suitable TLA are designed to en-
gage the students and lead them to achieve the ILO. AT are created to test the
learners and give them feedback. The alignment ILO-TLA-AT is realised with
“action” verbs embedded in these three elements [2]. These “action” verbs are
selected looking at the well-known Bloom taxonomy [4].

3 Methodology

The courses recalled in Table 1 are considered for the analysis. Such antithetical
courses with their intrinsic characteristics offer two different perspectives in the
industrial engineering field and may be more relevant and bring richer informa-
tion to the current analysis. As shown in Table 1, the TLA and AT have been
re-designed in a distance education environment to ensure alignment to the ILO
of both courses. Each instance in Table 1 is analysed to find significant patterns.
This allows identifying the sub-categories that are further abstracted to relevant
categories, i.e., Technology, Interaction and Time (TIT), see Table 2. The TIT
categories are the important dimensions that need to be considered during the
transition to digital education to ensure the alignment ILO-TLA-TA.

4 Results

Table 2 displays the three emerged categories and the corresponding sub-categories,
namely the aspects of the digital TLA and AT observed for each TIT category.
The analysis of the antithetical course has led to the same conclusions in all the
three categories:

Technology : includes the digital technologies involved in digital TLA and AT.
These technologies are introduced to enhance the student learning experience
and facilitate the achievement of the ILO.

Time: refers to how the time dedicated to teaching was spent with asyn-
chronous and live activities.

Interaction: considers the engagement of the learners in the online courses.
Mainly investigated is the level of interaction between teacher-student or student-
student, communication and participation, and community building.

5 Conclusions

The CA introduces a feedback loop between what and how the teacher wants to
teach. The resulting course design is more resilient and can successfully overcome
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Table 1: The TLA and AT designed during the digital transition to ensure align-
ment with the ILO of the courses Scientific methodology and Manufacturing pro-
cesses, respectively from Production Engineering at KTH The Royal Institute
of Technology (Sweden) and Energy and Management/Industrial Engineering at
the University of Pisa (Italy). Highlighted in bold are the aspects of the digital
TLA and AT that correspond to the sub-categories further abstracted to the
Technology, Interaction and Time (TIT) categories.

Table 2: The Technology, Interaction and Time (TIT) categories of the digital
changeover for the Engineering curricula. This table represents the lesson learned
based on the evidence summarized in Table 1.
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unpredictable events such as the current COVID-19 pandemic. However, the
short notice digitalization of education forced by the above mentioned pandemic
has challenged constructively aligned courses. Therefore, educators had to think
about new way of performing TLA and AT that would preserve the ILO-TLA-AT
alignment established before the digital shift.

This work is based on two practical experiences of digital transition in higher
education and proposes the TIT categories as the main relevant dimensions to
be considered in the re-design process of TLA and AT. The proposed categories
must be considered as guidelines to be followed during the top-down exploration
of different domains. The insight from these guidelines will ensure the ILO-TLA-
AT alignment by covering all the main aspects in the re-design process.

The abstraction process adopted in the methodology allow to transpose spe-
cific engineering instances to a set of general variables that may be considered
as a reference point also in different disciplines. However, further research and
additional case studies are needed to validate the proposed categories.
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