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ABSTRACT
This study captures student perceptions of the effectiveness of remote
learning and assessment in two associated engineering disciplines,
mechanical and industrial, during the COVID-19 pandemic in a cross-
national study. A structured questionnaire with 24 items on a 5-point
Likert scale was used. Parallel and exploratory factor analyses identified
three primary subscales. The links between student perceptions and
assessment outcomes were also studied. There was a clear preference
for face-to-face teaching, with the highest for laboratories. Remote live
lectures were preferred over recorded. Although students found the
switch to remote learning helpful, group work and communication
were highlighted as concern areas. Mean scores on subscales indicate a
low preference for remote learning (2.23), modest delivery effectiveness
(3.05) and effective digital delivery tools (3.61). Gender effects were
found significant on all subscales, along with significant interactions
with university and year-group. Preference for remote delivery of
design-based modules was significantly higher than others.
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1. Introduction

The education sector was massively impacted by the COVID-19 pandemic. Many universities were
shut down or forced to conduct classes remotely. Fast-paced measures were adopted by higher edu-
cational institutions (HEIs) to meet governmental restrictions and deliver on study programmes with
minimal detriment to student morale, learning, assessment, and accommodation. Closures of HEIs
involved in this study occurred between the 12th and 25th of March 2020. The wide range of reor-
iented learning activities has meant certain measures have fallen short of expectations (Smalley
2020). While some learning activities such as lectures could be delivered using video conferencing
software, others such as tutorials, laboratories, etc., were difficult to organise.

One advantage many HEIs worldwide have today is the adoption of virtual learning environments
(VLE) supported by a learning management system (LMS). Despite this, it has been challenging for
staff and students who lack adequate digital resources with the required specifications or internet
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with sufficient bandwidth/data. A recent study by Gonzales, McCrory Calarco, and Lynch (2018) indi-
cates about 20% of students lack access to laptops/PCs and high-speed internet. The internal oper-
ations of universities moved online, requiring adjustment by staff from different age groups and
computer literacy to join online meetings with limited open discussion.

The challenges have varied from discipline to discipline. For instance, science, technology, engin-
eering, and mathematics (STEM) disciplines are often delivered with a judicious combination of lec-
tures, tutorials, laboratory exercises, group work and fieldwork. Among all STEM disciplines, one area
of interest is mechanical and industrial engineering (M&IE), where students adopt a 3D visual
approach to learning and interaction with real-life machines and manufacturing processes is
crucial. Some elements in M&IE, such as Computer-Aided Design, Engineering and Manufacturing
(CAD/CAE/CAM) require virtual tools and are suitable for remote learning (Fernandes et al. 2020).

Multiple stakeholders play a role in the success or failure of remote learning delivery through elec-
tronic means (e-learning) (Choudhury and Pattnaik 2020). Key challenges experienced by lecturers
include functionalities in the LMS, adapting curriculum to modes such as blended/dual-mode and
limited technical support (Mathrani, Mathrani, and Khatun 2020). Al-Fraihat, Joy, and Sinclair
(2020) identified factors such as system quality, information quality, service quality, satisfaction
and usefulness using a detailed survey to assess e-learning success in non-pandemic conditions.
These factors incorporate research into information systems success modelling, prominent among
which is the DeLone and McLean model, which has been updated every ten years (DeLone and
McLean 1992, 2003; Petter, DeLone, and McLean 2013). A simplified conceptual model presented
suggests three intermediate factors, viz.: satisfaction, usefulness and usage (Al-Fraihat, Joy, and Sin-
clair 2020). These factors have provided the theoretical underpinnings for the research hypotheses.

The incorporation of computer-mediated communication during the pandemic required students
to use written modes of expressing themselves, articulating ideas, contrasting viewpoints, and
putting forward opinions. While this can improve their self-reflection (Hawkes 2001), critical thinking
(Garrison, Anderson, and Archer 2001) and writing skills (Winkelmann 1995), the benefits depend on
student perceptions of remote delivery based on attitudes and pedagogical needs of their discipline
(Ozkan and Koseler 2009). The student perceptions, in turn, are closely correlated with their satisfac-
tion with the two delivery modes, i.e. face-to-face and remote delivery, which is one of the three
intermediate factors in the e-learning success models (Choudhury and Pattnaik 2020). Therefore,
the first research hypothesis is informed by the need to assess student perceptions of different
modes of remote delivery of M&IE modules.

Early studies evaluating e-learning effectiveness during the pandemic have emerged. Aboagye,
Yawson, and Appiah (2020) found accessibility issues to be the most important in determining effec-
tiveness. A study on Malaysian universities found gender issues to be quite significant (Shahzad et al.
2020). Alqahtani and Rajkhan (2020) identified success factors such as student awareness and motiv-
ation, management support and skills levels of instructors and students. Bawa (2020) provided
results of learners’ performance and perceptions using a study on 397 students. A positive picture
emerged with no significant effect on learner’s grades. While these studies outline the need for
assessing the delivery effectiveness during the pandemic, they are limited by geography and
student demographics and understanding the interactions between variables such as year of
study, discipline, gender and university location. Hence, this has motivated the second research
hypothesis, which looks closely at the effectiveness of the transition, with specific insights into
M&IE disciplines. This aligns with the intermediate factor of usefulness in the success model.

The intermediate factor of usage of digital delivery tools informs the third research question. The
usage of various aspects of the VLEs has a direct impact on their educational outcomes (Al-Fraihat,
Joy, and Sinclair 2020). Given the numerous adaptations that were required during the pandemic,
this study aims to investigate the effects of these transformations to provide insights into:

(i) how these changes affected students in terms of their learning experience,
(ii) how their experiences can inform future preparedness,
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(iii) what were the specific issues in moving to remote learning for M&IE disciplines and
(iv) what innovations are needed to facilitate education in emergency/pandemic conditions

A survey based on the research hypotheses was administered online to students at five univer-
sities to perform this investigation. Additional data was also collected through university groups
and survey forums to test further the interpretations emerging from the dataset and correlated
with historical and current assessment outcomes. This paper reports results from these studies
and uses them to provide indicators and guidelines for future preparedness.

2. Background

2.1. E-learning and remote assessment

Teaching has systematically moved from traditional blackboard-based lectures to increased use of e-
learning (Patkar 2009). Initially, instructors created specific web pages as repositories for digital learn-
ing content. This has been overtaken by integrated VLEs (Weller, Pegler, and Mason 2005). Some
VLEs are custom-made at universities, while others are procured through digital-learning solutions
vendors (e.g. Moodle, Canvas, Blackboard etc.). Smartphones have enabled mobile learning (m-learn-
ing), letting students participate interactively from remote locations accessing content on the move
(Keegan 2002). Roschelle (2003) noted that they would enhance learning due to low cost and com-
munications features. Another advantage is exploiting location information using pure connection,
pure mobility or a combination (Asabere 2012). However, there are design constraints imposed by
phone models and applications such as browsers (Haag 2011). This may be remedied as users
adopt newer models enabling capabilities such as live streaming.

Lately, blended learning tools have emerged, which can mean combinations of: (i) instructional
modalities and delivery media, (ii) instructional methods, and (iii) online and face-to-face instruction
(Graham 2006). This usually implies text-based asynchronous e-learning combined with face-to-face
learning (Garrison and Kanuka 2004). Despite the adoption of advanced video conferencing tools in
remote teaching, a fundamental limitation is the inability to read facial expressions and body
language and the lack of intimacy and immediacy required for effective teaching (Perry, Findon,
and Cordingley 2021). Another critical issue is maintaining students’ motivation, as they miss
social contact with other students and their lecturers (Rahiem 2021).

One fundamental expectation in higher education is assessment (Sadler 2005). It is central to
experiences and follow-on opportunities after graduation (Struyven, Dochy, and Janssens 2005),
bureaucratic requirements for universities (Barnett 2007) and the teaching practice of educators
(Boud 2007). A primary requirement is they must be effective in testing key learning outcomes.
Past work has looked at efficacy via desired and unintended results (Hay et al. 2013). Kane (2001)
identified a few characteristics determining assessment validity and found criterion-based models
less effective than construct models.

McLoughlin and Luca (2002) report online assessments can lead to collaborative learning by facil-
itating analysis, communication and higher-order thinking. In the early days of online assessment,
tasks given to learners were of a surface-assessment type leading to a focus on objectivist knowledge
(Northcote 2003). A balanced approach is needed to evaluate a range of learning outcomes. This is
possible if educators consider their self-epistemologies and understand pedagogical implications. A
significant issue relates to ‘test fairness’ (Camilli 2006). It is not enough to just look at statistical
measures of an assessment given to two groups and conclude it as fair. Other factors affecting fair-
ness are gender, test accommodations and linguistic diversity.

While VLEs provided by software vendors usually have integrated assessment tools, some univer-
sities depend on bespoke software tools. For example, QuestionMark Perception is used in many
fields (Velan et al. 2002). Using web-based/automated tools reduces marking loads for lecturers,
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thereby providing time for didactical realisation. Specific smartphone-based apps such as Socrative
are also increasingly used to improve engagement (Dervan 2014).

2.2. Digital delivery of M&IE programmes

The disciplines of M&IE are broad-ranging covering diverse topics with differing pedagogical require-
ments. Mechanical engineering students study mechanics, design/manufacturing, thermodynamics,
fluid mechanics, robotics, etc. (Tryggvason et al. 2001). In contrast, industrial engineering degree pro-
grammes often have somemechanical modules and maths-based modules, viz.: operations research,
production planning, simulation, logistics, etc. As such, digital delivery of these wide-ranging
modules requires different presentation methods/styles.

Learners often need to use engineering software packages (Schonning and Cox 2005). Examples
are computer-aided design tools (e.g. Solidworks, NX, Autodesk Inventor), finite element analysis
tools (e.g. ABAQUS, ANSYS), numerical computing tools (e.g. MATLAB, Mathematica), system
design platforms (e.g. LabView, STELLA) and statistical tools (e.g. R, SPSSS). These tools often
operate with expensive licenses (Nixon and Dwolatzky 2002). While some offer network/student
licenses, often, students use physical university computers.

While some universities use conventional VLEs, bespoke solutions have also emerged. Ivanova,
Ivanov, and Radkov (2019) developed a 3D VLE for a cutting tools module that simulates laboratory
equipment. Sievers et al. (2020) have built a mixed reality environment for collaborative robotics.
Kikuchi, Kenjo, and Fukuda (2001) set up a client-server system for brushless DC motors laboratories,
where the remote student conducted experiments through a client machine. Remon and Scott
(2007) delivered content for design engineering modules with graded-difficulty webcasts helping
students gain expertise in CAE. A technical equipment provider has created a versatile data acqui-
sition system (VDAS), allowing students to remotely participate in laboratory experiments (Ltd.
2021). Despite these efforts, engineering involves practice, and merely grasping theory cannot
ensure success (Feisel and Rosa 2005). The importance of hands-on laboratory work cannot be
understated, and delivering content virtually can only go so far.

2.3. COVID-19 pandemic and efforts at modifying education delivery

During the pandemic, the effectiveness of remote delivery came under scrutiny, with special support
needed for digitally challenged students. The efforts at changing education delivery varied in the
countries involved in this study and are summarised below.

2.3.1. United Kingdom
UK higher education responded with measures under the guidance of Universities UK (Universitie-
s_UK 2020). The initial response concerned campus cases requiring deep cleaning of residence-
halls/facilities (Bristol_Live 2020). The University of Cambridge suspended examinations (BBC
2020). Laboratories in national interest were kept open. Oxford University provided accommodation
for students unable to return (Oxford_University 2020). Durham University decided to provide
‘online-only’ degrees (The_Guardian 2020). Staff members not on essential roles were asked to
work from home. A ‘no detriment’ policy was used at several universities, which meant students
would not be disadvantaged, yet had to pass their modules (Barradale 2020). Many universities
relaxed durations for online examinations and enabled flexibility in the admissions process for the
new academic year, so students who couldn’t appear at school examinations were judged using
other metrics (University_of_Leeds 2020).

2.3.2. Portugal
In Portugal, the computational scientific authority, FCCN, made available professional licenses of
Zoom videoconferencing tools for instructors. Starting in early March, universities drew up

EUROPEAN JOURNAL OF ENGINEERING EDUCATION 113



contingency plans, such as moving classes to digital platforms and dropping mandatory attendance
(New_University_of_Lisbon 2020; Portuguese_Catholic_University 2020; University_of_Coimbra
2020). The University of Aveiro set up call lines to provide psychological support (University_of_A-
veiro 2020). Instituto Superior Técnico used teleworking regimes (Instituto_Superior_Técnico
2020). At the University of Aveiro, a campus agreement with Microsoft gave access to Office365
and cloud storage. Following the Higher Education General Office (DGES) (DGES_Higher_Educa-
tion_General_Office 2020), graduate lab activities resumed from May’20.

2.3.3. Romania
In Romania, measures were taken by the National Committee of Urgent Affairs and Ministry of Edu-
cation and Research. The Politehnica University of Bucharest founded a council for emergencies
(Polytechnic_University_of_Bucharest 2020). The first case of a student testing positive occurred
on 17 March (Alexandru_Ioan_Cuza_University_of_Iași 2020). Following this, all didactical activities
there were conducted using Zoom. The dormitories at Technical University of Cluj-Napoca remained
open for internationals (Technical_University_of_Cluj_Napoca 2020). At the Lucian Blaga University
of Sibiu (Sibiu 2020), the migration to online lectures involved using the university web platform and
later changed to Google Classroom.

2.3.4. United States of America
US universities responded under the guidance of Centre for Disease Prevention and Control. The
University of Washington (University_of_Washington 2020) became the first major university to
cancel in-person classes. Within a couple of weeks, more than 1100 HEIs switched to remote
instruction (Smalley 2020). Many eased admissions requirements (University_of_California 2020)
and leveraged existing distance-learning platforms for regular degree programmes. Some used
in-person instruction for 2021–2022 while others adopted limited reopening with blended learn-
ing (Anderson 2020).

2.3.5. Brazil
Many universities promoted digital inclusion programmes in Brazil and distributed internet kits
(UFRJ 2020). In southern Brazil, federal universities interrupted teaching activities in March and
restarted in August (UFGRS 2020; UFSC 2020). Supply of masks, laser thermometers, comprehen-
sive signage, occupancy limits, etc. are some examples of actions taken at many HEIs (PUCRS
2020). Face-to-face entrance exams were replaced by online ones (PUCPR 2020). Private HEIs
used candidates’ ENEM scores (National High School Exam) and letters of interest for admission
(INEP 2020).

Figure 1. Research methodology design: the scale on educational outcomes was determined by three subscales, which were
dependent on four key variables and their interactions.
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3. Methods

3.1. Research design

The aim of the current study was to evaluate remote learning and assessment outcomes for M&IE
programmes of study during the COVID-19 pandemic for various groups of students based on
their university affiliation, gender, year group and programme of study. Figure 1 illustrates the
research methodology design. In developing this design, it was noted that educational outcomes
were dependent on whether students prefer different modes of remote learning or not (Corter
et al. 2004). Their preferences may influence their usage of these learning modes and the usage,
in turn, correlates with their learning outcomes and assessment results. Secondly, the adoption of
digital delivery tools also affects their remote learning outcomes (Condie and Livingston 2007).
Thirdly, mere adoption does not guarantee effective educational outcomes unless it is also
accompanied by effective delivery (Leung 2003). Based on these theoretical constructs, the
specific research questions that were explored are:

RQ1: How does preference for different modes of face-to-face and remote instruction vary amongst students
studying M&IE modules?

RQ2: How effective was the transition to remote education in M&IE during the pandemic as perceived by the
students? Moreover, did this perception depend on factors such as gender, university location, year group
and program?

RQ3: What steps can be taken to improve the effectiveness of remote delivery of M&IE programs? Also, are there
specific subject areas where it is perceived that remote instruction is better suited while others where face-to-
face instruction is better suited?

RQ4: How did student preferences for remote learning correlate with assessment outcomes during the
pandemic?

It was hypothesised that face-to-face instruction would be preferred, and this preference would
be higher for laboratories compared to lectures and tutorials. This hypothesis was based on typical
M&IE curriculum, where there is a strong emphasis on interaction with machines, lab equipment, 3D
visualisation and mathematics. This is consistent with several studies (Nowak et al. 2004; Vaidya-
nathan and Rochford 1998).

On the second research question, it was hypothesised that the transition to remote teaching will
have mixed reactions. While most students would have appreciated continuity in learning, there
were several challenges in adapting to new teaching modes, and is well supported by recent
studies (Daniel 2020; Perets et al. 2020).

On the third research question, it was hypothesised that specific modules would suffer more from
remote instruction, such as product design and manufacturing, while others with computer simu-
lation and numerical analysis could be delivered with high quality remotely. This hypothesis is
backed by studies highlighting the successful transition to remote learning in simulation courses
(Ertugrul 1998; Vaidyanathan and Rochford 1998).

On the fourth question, it was hypothesised that due to competing factors in play, assessment
scores would stay the same or be marginally higher for remote assessment. While the sudden tran-
sition to remote learning under a global pandemic would likely lower student performance, grade
leniency and use of open book examinations could extenuate the effects leading to nominal
scores similar to that before the pandemic or even higher as observed by Scoular et al. (2021).

3.2. Sample and data collection

Earlier, Behera (2019) conducted a study on the effectiveness and appreciation of m-learning and
blended learning tools in two mechanical engineering modules, where students filled out detailed
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questionnaires under non-COVID conditions. The student survey for the current study built on the
survey questions and inferences from that earlier work. A descriptive open-ended questionnaire
was distributed among the co-authors, who served as an expert panel. A survey was then designed
by combining questions from the earlier study and responses provided by the panel.

The research hypotheses were tested by conducting this survey on students enrolled in M&IE
modules in 5 different universities. Details of the universities involved in this study are provided
in Appendix 1. There were 34 multiple choice questions and 7 open-ended descriptive questions.
Among the multiple-choice questions, 24 questions were on a 5-point Likert-scale on questions relat-
ing to the hypotheses. The primary method of recruiting students was through the module instruc-
tors. The secondary method was through a departmental email sent to students. The programmes
are accredited in the respective nations and as such, the teaching content is similar to that at other
universities in the same country. A minority of responses were also obtained outside these univer-
sities through external sites such as Survey Circle. 408 responses were analysed (31.9% female, 67.1%
male, 1% not specified) (Behera et al. 2021). The sample size at each university as a proportion of total
enrolled students varied from 0.14% to 4.84%, as detailed in Appendix 2, together with the gender
ratios. 2 also provides details of study participants and modules they were studying. The gender ratio
on the engineering modules was skewed with more males than females at all the HEIs, although this
is not reflective of the overall student population at all these HEIs. The gender ratio follows the
observed trends in STEM subjects (Legewie and DiPrete 2014).

Exploratory factor analyses (EFAs) were conducted on the survey data, which mapped the 24
Likert items to three related characteristics or subscales of educational outcomes, shown in Figure
1. These subscales are henceforth denoted as subscale 1 (remote learning preference), subscale 2
(delivery effectiveness) and subscale 3 (digital delivery tools). EFA enables highly correlated ques-
tions to be linked to the same underlying factor and removemisfit questions (Decoster 1998). Parallel
analysis was carried out as part of the EFA analyses to select the three subscales (Osborne 2007).
Maximum likelihood extraction and varimax rotation with Kaiser normalisation was used for all
EFAs. Figure 2 shows the scree plot of eigenvalues that helped set the number of subscales to
3. Factor loadings of 0.3 or higher were sought in interpreting the EFAs, as recommended by Rietveld
and Roeland (1993). For items with lower factor loadings than desired, a reliability analysis was
carried out and items retained if deleting the item did not improve Cronbach’s alpha. This

Figure 2. Scree plot of eigenvalues.
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ensured subscales had coherent logic to them despite the EFAs, which are blind to the underlying
structure caused by latent variables (Costello and Osborne 2005). This explains the even split of the
subscales into eight questions each.

The items with their maximum rotated factor loadings and assigned codes are available in Appen-
dix 3. While 23 of the 24 items loaded on to the three factors with loadings greater than 0.3, S2-5
loaded marginally with 0.27. On its removal from subscale 2, the Cronbach’s alpha reduced from
0.717 to 0.708. Hence, it could be retained. Regression analyses were run to complement the
EFAs, following procedures for refining psychological scales (Egede and Ellis 2010). The mean
score for each subscale together with the standard deviation provided an overall measure of the
construct.

3.3. Reliability and validity of the instrument

As a questionnaire specifically designed for an evolving pandemic was used, it was not feasible to
obtain reliability coefficients from prior work. Cronbach’s analysis was conducted to quantify internal
consistency between items in the survey. The three subscales were found to have reliability coeffi-
cients of 0.865, 0.717 and 0.822, respectively. As these exceeded 0.7, it can be inferred the question-
naire is internally consistent (Cortina 1993). Another important factor in developing new surveys is
validity. To ensure validity, correlations between an average measure from each section were
obtained. The preference for remote teaching sub-scale was positively correlated with subscales
for use and appreciation of digital delivery tools (r(407) = 0.440, p < 0.01) and effectiveness of
digital delivery mechanisms (r(407) = 0.615, p < 0.01). Likewise, the subscale for use/appreciation
of digital delivery tools was positively correlated with effectiveness of digital delivery mechanisms
(r(407) = 0.568, p < 0.01).

3.4. Data analysis

The analysis was carried out in three phases. First, an overall analysis for the entire survey sample was
performed. Next, comparisons were made between the universities, genders, year groups and study
programmes. Finally, interactions between these factors were investigated. However, sample sizes
varied across universities because cohort sizes are different and investigators taught different
modules. Although the investigators are all affiliated with M&IE departments, the modules they
taught had students from other disciplines, and hence, the effect of enrolled programme on
survey outcomes was analysed. The scale for the Likert items was set from 1(Strongly disagree) to
5(Strongly agree). Two-way analysis of variance (ANOVA) was used to compare scores on each indi-
vidual Likert item and individual subscales. Assumptions for ANOVA were met, i.e. inclusion of
random and independent samples and equal variance between samples and approximate normal
variation in the data, as analysed from skewness, kurtosis and q-q plots. The two-sampled pooled
t-test was considered but was not chosen as population standard deviation is better predicted by
mean squared error in ANOVA (Ott and Longnecker 2015). Interactions were studied using multi-
variate analysis of variance (MANOVA). The software SPSS was used for all analyses.

4. Results

4.1. Overall analysis

Analysis of the first sub-scale on remote learning preference indicates a strong preference for face-
to-face teaching. Detailed frequency distributions as well as means, standard deviations and modes
are tabulated in Appendix 4. Among the instruction modes, there was higher preference for face-to-
face laboratories (mean(M ) = 4.42). Recorded lectures fared similarly to remote live lectures. Among
different module types, design-based modules had a significantly higher score (M = 2.68) on being
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replaced with remote content compared with science, mathematics and mechanics modules with
low effect sizes (Table 1).

The subscale on delivery effectiveness revealed that remote live lectures were preferred over
recorded lectures (M = 3.57). This indicates students perceive benefits from interactions with
instructors and motivation in learning activities being simultaneously in class with classmates,
even if virtually. A majority found the switch to remote learning to be quite helpful (M = 3.54).
However, they did not think remote teaching was as effective as face-to-face teaching (lectures:
M = 2.9; tutorials: M = 3.05). Most felt remote group work was difficult (M = 3.53). There was a
slight preference for remote assessments over traditional sit-in exams (M = 3.18). Most felt
remote teaching was not equally effective for all modules, which provides the possibility for select-
ing specific modules for remote delivery (M = 2.66). Students were ambivalent about the ability to
ask questions remotely (M = 3.04). This is linked to students turning off video and microphones and
not having the intent or courage to interrupt a video conference, as observed by academics at all
the HEIs.

The subscale on digital delivery tools showed positive feedback on most items, except for com-
munication between learners (M = 3.15). Analysis of non-Likert questions indicated a majority did not
face issues in accessing online learning content (55.4%) or had issues that were resolved quickly
(35.3%). Together, these make up 90.3% of the survey sample. Likewise, a majority indicated they
had unlimited high-speed broadband (67.6%) or unlimited dial-up (12.3%) or pay-as-you-use
high-speed internet access (13%). Only 1.7% indicated they had a computer with no internet
while 1% had no computer at all. The combined inference indicates remote learning preference
was not largely determined by digital access issues.

Prior to COVID-19 lockdowns, a larger fraction accessed VLEs from home (47.6%) as compared to
university campus (34.1%). The remaining (18.3%) split their time between off-campus and on-
campus access. Most had access to a smartphone, either with limited data (34.1%), without data
but using wi-fi (30.1%), or with unlimited data (33.8%). As a significant fraction had limited data, it
may not be useful to livestream mobile content involving significant data usage. The majority
(73.3%) used smartphones to access module content. VLEs were accessed regularly with 44.9% indi-
cating daily access and 40.7% indicating few times every week.

4.2. Comparative analysis for sub-groups of dataset

4.2.1. Results across universities
There was a significantly higher preference for face-to-face teaching in the UK and US universities
compared to Romania, Brazil and Portugal, which had means below 4 for lectures and tutorials
(Appendix 4). Table 2 records p-values for comparisons with overall means. The higher preference
for face-to-face laboratories compared to lectures and tutorials is apparent for all universities.

On the preference for specific modules for remote teaching, means between 2 and 3 were
obtained for all modules across all universities. This indicates clear preference for face-to-face teach-
ing in line with results for the generic questions in subscale 1 (remote learning preference). Students
at the UK-HEI favoured mathematics-based modules for remote teaching (M = 2.52). In Romania and
Brazil, the highest preference was for design-based modules (Romania: M = 2.72; Brazil: M = 2.83),

Table 1. Pairwise comparison of preferences for remote delivery of different module types.

Module type M SD Module type M SD p value Cohen’s d

Design 2.68 1.06 Mechanics 2.45 1.02 0.002 0.22
Design 2.68 1.06 Science 2.49 0.98 0.007 0.19
Design 2.68 1.06 Mathematics 2.43 1.01 0.001 0.24
Mechanics 2.45 1.02 Science 2.49 0.98 0.598 0.04
Mechanics 2.45 1.02 Mathematics 2.43 1.01 0.782 0.02
Science 2.49 0.98 Mathematics 2.43 1.01 0.417 0.06
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while in Portugal, students preferred science-based modules (M = 2.75). In USA, students favoured
mechanics-based modules (M = 2.73).

The means for comparisons between remote live lectures and recorded lectures was found to be
between 3 and 4 for all universities. The Brazil-HEI had the highest preference for remote live lectures
(M = 3.75) while the Portugal-HEI had the highest preference for recorded lectures (M = 3.22). Stu-
dents at all universities felt the switch to remote learning was helpful with means between 3 and
4, with the highest mean for the Brazil-HEI (3.94). Students were ambivalent on whether remote lec-
tures were as effective as face-to-face lectures, with means varying from 2.68 (UK-HEI) to 3.20 (Brazil-
HEI). Responses for remote tutorials followed similar trends, albeit with slightly higher means for four
universities. On remote group work, the means varied from 3.19 (Brazil-HEI) to 3.86 (Portugal-HEI).
The means for remote assessments varied in close range between 3.05 (Portugal-HEI) and 3.37
(USA-HEI). The means for effectiveness of remote teaching for all modules varied between 2.39 (Por-
tugal-HEI) and 2.84 (Romania-HEI). The means for enhanced ability to ask questions varied between
2.64 (UK-HEI) and 3.22 (Romania-HEI).

On the subscale for digital delivery tools, the means for individual Likert items varied in close
range. For the UK-HEI, the highest mean was on the ability to revise due to VLE (M = 4.36). For the
Romanian HEI, three items had identical highest means of 3.71. The highest means for Brazil, Portu-
gal and USA-HEIs were recorded at 4.25, 4.18 and 3.98 for a variety of resources on VLE.

4.2.2. Influence of study programme
As shown in Appendix 5, industrial engineering (IE) students had the highest preference for face-to-
face lectures and tutorials (lectures:M = 4.24; tutorials:M = 4.20). They also had a high preference for
face-to-face laboratories (M = 4.47). The means for mechanical engineering (ME) students for face-to-
face interaction were lower than economics students. IE students also had the highest preference for
face-to-face lectures when compared to recorded lectures (M = 4.11). On the remaining questions on
subscale 1 (remote learning preference), the means were comparable for all disciplines, showing pre-
ference for face-to-face interaction, with means between 2 and 3.

On subscale 2 (delivery effectiveness), the ME students were the most appreciative of switching to
remote learning and had the highest mean on whether remote lectures and tutorials were as
effective as face-to-face (lectures:3.01; tutorials:3.25). The means for other questions were compar-
able across disciplines.

On subscale 3 (digital delivery tools), the means for ‘other’ disciplines were the highest for 5 out of
8 questions, indicating they were more satisfied than ME, IE and economics students. Overall, means
were mostly comparable across disciplines, indicating digital delivery tools were being used well

Table 2. Comparison of preference at universities for face-to-face teaching.

Preference Factor 1 name N M SD Factor 2 name N M SD p value Cohen’s d

Face-to-face lectures All 408 4.00 1.02 UK 25 4.52 0.81 0.013 0.56
Face-to-face lectures All 408 4.00 1.02 Romania 167 3.93 0.98 0.450 0.07
Face-to-face lectures All 408 4.00 1.02 Brazil 64 3.80 1.19 0.155 0.18
Face-to-face lectures All 408 4.00 1.02 Portugal 83 3.83 0.99 0.165 0.17
Face-to-face lectures All 408 4.00 1.02 USA 52 4.40 0.74 0.006 0.45
Face-to-face tutorials All 408 3.89 1.10 UK 25 4.56 0.53 0.003 0.70
Face-to-face tutorials All 408 3.89 1.10 Romania 167 3.86 0.92 0.779 0.03
Face-to-face tutorials All 408 3.89 1.10 Brazil 64 3.66 0.78 0.124 0.19
Face-to-face tutorials All 408 3.89 1.10 Portugal 83 3.53 0.79 0.007 0.32
Face-to-face tutorials All 408 3.89 1.10 USA 52 4.33 0.57 0.006 0.46
Face-to-face laboratories All 408 4.42 0.84 UK 25 4.72 1.11 0.079 0.43
Face-to-face laboratories All 408 4.42 0.84 Romania 167 4.17 0.96 0.002 0.28
Face-to-face laboratories All 408 4.42 0.84 Brazil 64 4.70 1.26 0.012 0.35
Face-to-face laboratories All 408 4.42 0.84 Portugal 83 4.40 1.16 0.823 0.03
Face-to-face laboratories All 408 4.42 0.84 USA 52 4.71 1.06 0.015 0.41
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across all disciplines. The economics students were the most supportive of mobile apps (M = 3.88)
and the use of VLE for communicating with other learners (M = 3.31).

4.2.3. Gender influence
The opinion of both genders had clear trends on the different subscales (Appendix 4). On subscale 1
(remote learning preference), females had higher preference for face-to-face teaching compared to
males for all 3 teaching modes. The p-values for comparison of means were recorded as 0.028, 0.030
and 0.086 respectively for lectures, tutorials and laboratories, indicating significance at p<.05 for lec-
tures and tutorials. For all module types, i.e. design, mechanics, science and mathematics, males had
higher preference for remote live lectures compared to females. On subscales 2 (delivery effective-
ness) and 3 (digital delivery tools), means for most questions were quite close for both genders. The
question where there was a significant difference was on the preference for remote assessments to
sit-in examinations (males: 3.32; females: 2.94).

4.2.4. Influence of year group
On subscale 1 (remote learning preference), the highest preference for face-to-face instruction was
by the second-year undergraduate (lectures: 4.24, tutorials: 4.48, laboratories: 4.59) and PhD students
(lectures: 4.31, tutorials: 4.44, laboratories: 4.56) (Appendix 6). These two groups recorded an equal
highest mean for face-to-face vs. recorded lectures (4.38). The third-year undergraduates had the
highest preference for remote teaching on design-based modules (M = 2.82) while the Master’s stu-
dents had the highest preference for mechanics (M = 2.73), science (M = 2.74) and mathematics-
based modules (M = 2.66).

On subscale 2 (delivery effectiveness), the highest preference for remote live lectures vis-à-vis
recorded lectures was observed in the unclassified group (M = 4.1) followed by the 2nd-year under-
graduates (M = 3.93). The 4th-year undergraduates showed highest preference for switch to remote
learning (M = 3.70), effectiveness of remote lectures (M = 3.03), and remote tutorials (M = 3.32). The
means for the difficulty of remote group work lay between 3 and 4 for all year groups, with the
highest mean observed for 2nd-year undergraduates (M = 3.83). The Master’s students had
highest preference for remote assessments (M = 3.31). The 1st-year undergraduates had the
highest mean on whether remote live instruction was equally effective for all modules (M = 2.85).
As all year groups had means below 3, this indicates the general opinion is effectiveness of
different modules varied. The first-year undergraduates had the highest mean for being able to
ask questions in remote lectures (M = 3.21).

On subscale 3 (digital delivery tools), the means varied in close range. The 4th-year undergradu-
ates had highest means for (i) presence of variety of resources (M = 4.03), (ii) studying effectively (M
= 3.48) and (iii) preference for mobile apps (M = 3.7). The 3rd-year students scored highest on being
able to read before lectures (M = 3.66) and being able to revise at convenient places/times (M = 3.87).
The first-year undergraduates had the highest mean for communicating with other learners (M =
3.39). The unclassified students recorded the highest mean for being able to revise after lectures
(M = 4.20) while PhD students had the highest mean for announcements on VLE (M = 3.81).

4.3. Interactions between factors

The interaction effects of the independent variables were studied for the subscales and individual
Likert items by carrying out multivariate analysis (MANOVA). Subscale scores were first evaluated
by taking an average of scores for individual Likert scale items, reverse recoding items (S1-1, S1-2,
S1-3, S1-4 and S2-5) as necessary to ensure correct interpretation of the subscale’s effect. Statistics
for various subscales are summarised in Table 3. The mean scores indicate an overall low preference
for remote learning (2.23), modest delivery effectiveness (3.05) and effective digital delivery tools
(3.61).
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There was a significant difference between the genders when considered jointly on all subscales,
Wilk’s Λ = 0.952, F(6,634) = 2.650, p = .015, partial-η2= .024. Two interactions with gender were found
significant: (i) university by gender interaction (Wilk’s Λ = 0.906, F(18,897) = 1.772, p = .024, partial-
η2= .032) and (ii) gender by year of study (Wilk’s Λ = 0.903, F(21,910.8) = 1.573, p = .049, partial-
η2= .034).

Supplement 1 shows the interaction effects on the subscales. By using Bonferroni adjusted levels,
two interactions are particularly significant. These are: university by gender for subscale 3 (F(6,319) =
3.153, p = .005, partial-η2= .056) and gender by year interaction for subscale 3 (digital delivery tools)
(F(7,319) = 2.887, p = .006, partial-η2 = .06). For three of the five universities, females scored higher for
subscale 3, while for Portugal and Brazil-HEIs, males scored higher. This is illustrated in Figure 3.
Males from 1st-year UG, 2nd-year UG and Master’s years scored higher than females. Females
from 3rd-year UG, 4th-year UG and PhD programmes scored higher than males. This is illustrated
in Figure 4.

Supplement 2 shows interaction effects for various Likert scale items. Again, using Bonferroni
adjusted levels, significant interaction could be deduced. For the question regarding student prefer-
ence for remote live lectures on mathematics-based modules (subscale 1 on remote learning prefer-
ence), the gender by programme interaction was found to be significant (F(3,319) = 4.916, p = .002,

Table 3. Distribution statistics for various subscales.

Mean Standard Deviation CI lower bound CI upper bound Minimum Maximum Skewness Kurtosis

Subscale 1 2.23 0.73 2.16 2.30 1 4.63 0.42 −0.09
Subscale 2 3.05 0.65 2.99 3.11 1.25 4.88 −0.13 −0.07
Subscale 3 3.61 0.61 3.55 3.66 1 5.00 −0.37 0.76

Figure 3. Interaction between university and gender for subscale 3.
Note: error bars are not shown for ease of interpretation.
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partial-η2= 0.044). Figure 5 shows this interaction effect. While the mean for males is higher for all
three disciplines, it is significantly higher for economics than it is for the remaining two disciplines.

Interaction effects were studied for all combinations of interaction levels between the four key
independent variables. This resulted in 745 comparisons for which effect sizes were calculated.

Figure 4. Interaction between year of study and gender for subscale 3.
Note: error bars are not shown for ease of interpretation.

Figure 5. Interaction effect between study programme and gender for question 8 of subscale 1.
Note: error bars are not shown for ease of interpretation.
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The most important comparisons for each subscale are reported in Supplements 3–5. The red lines
separate the comparison groups within each subscale.

4.4. Assessment outcomes

The assessment outcomes between the pandemic (2019–2020 and 2020–2021) and non-pandemic
(2018–2019) years were compared (see Appendices 7–9). Appendix 10 provides assessment out-
comes for the UK-HEI for a six-year span from 2015 to 2021. Seven modules observed increases in
class averages from 2018–2019 to 2019–2020, while three observed decreases. Most changes
were statistically non-significant except the module on advanced statics at the UK-HEI, where
there was a jump from 55% to 83%. The pass percentages increased for six modules, decreased
for three and stayed the same for one. The pass% for the metal forming module at the Romania-
HEI observed a significant jump from 66% to 76.3%, while for the finite-element method module,
there was a fall from 92.9% to 84.9%.

At the USA-HEI, assessment outcomes did not vary much during the pandemic. This could be
because this is a postgraduate module and students had better capabilities to adopt the
changes and challenges from online learning, and hence, scored well. Moreover, the university
and instructor also tried their best to minimise the impact by offering live lectures and office
hours. The student preferences were strongly in favour of face-to-face teaching and the USA-
HEI had the highest preference for remote assessments (M = 3.37) but, these did not change the
assessment outcomes.

At the UK-HEI, for the advanced statics module, there was a significant increase in the means for
individual components as well as the overall mean. This can be attributed to changes in assessment
modes and high preference for remote assessments (M = 3.32). Students had to attempt a take-home
exam instead of the usual face-to-face closed book exams. They had to then present the solutions to
the examination questions. This increased their accountability and they had to put in the effort so
that they could stand up to the oral viva, which potentially improved the accuracy of their solutions.
The overall mean for the second year of the pandemic was similar to the year before the pandemic as
the assessment method did not include an oral viva, although it was still open book. Some students
also resorted to academic malpractice in the second year which brought down the overall mean. The
lower means on the laboratory exams can be potentially linked to their high preference for face-to-
face laboratories. For the advanced dynamics module, similar effects were observed with means
increasing for the first year of the pandemic and then falling back to normal during the second
year. Students at the UK-HEI had the strongest preference for mechanics-based modules to be
taught face-to-face, which might explain the mean of 40.87 for the written exams during the
second pandemic year.

At the Brazil-HEI, on the module ‘Introduction to Engineering’, a modest increase in the overall
mean was observed during the second year of the pandemic fuelled by higher scores on the labora-
tory exams where the mean rose by more than 20%. On the CAD/CAM module, a modest increase in
the overall mean was observed during the first year of the pandemic due to higher scores on the
written exams where the mean rose by more than 8%. The means during the second year of the pan-
demic were substantially lower by nearly 20% on all components. This could be linked to stronger
preference for face-to-face laboratories (M = 4.7) compared to preference for face-to-face lectures (M
= 3.8) and tutorials (M = 3.66). On the welding module, the overall means were higher by ∼ 8% and ∼
5% for the two years of the pandemic largely due to increase in the means for the written exams.

At the Romania-HEI, on the finite element method (FEM) module for the mechatronics students,
the overall and components means during the second year of the pandemic were significantly lower
than the non-pandemic year. On the FEM module for the IE students, there was a modest increase in
the means (overall and components) during the first year of the pandemic, but the marks returned
back to normal during the second year. On the metal forming module, the mean for the written
exam dropped during both years of the pandemic. These outcomes at Romania cannot be
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coherently linked to the student preferences, but seem to be random variations depending on the
cohorts and the examinations set in each year.

The only significant change in assessment outcomes at Portugal was for the written exam mean
during the second year of the pandemic (an increase from 46.1% in 2018–2019 to 61.2% in 2020–
2021). Since the first lockdown was implemented in emergency mode, study materials had to be pre-
pared quickly. For the second year of the pandemic, there was plenty of time to prepare both asyn-
chronous and synchronous sessions. Also, students were more adapted to the new remote teaching
paradigm. So, despite Portuguese students having the least preference for remote assessments
among all the HEIs, the assessment outcomes did not vary significantly.

5. Discussion: indicators and guidance for future preparedness

There is a preference for face-to-face instruction regardless of the sub-groups studied. This is under-
standable given these students had enrolled for face-to-face education as opposed to students
attending an open university. Within the three types of instruction investigated, the preference
for face-to-face laboratories was the highest. This can be explained as laboratories are key to under-
standing engineering concepts and require physical presence, except work that primarily involves
software. As this preference for face-to-face laboratories was on expected lines, it provided confi-
dence in answers provided by the survey population.

The students at the UK and USA HEIs preferred face-to-face teaching more than the others. A
review of answers to free text questions reveals this is linked to high tuition fees in UK and USA,
which gives students the feeling they are not getting value from their education, if conducted remo-
tely. Wilkins, Shams, and Huisman (2013) pointed to anxiety in UK students due to fee changes intro-
duced, following the Brown review in 2010. Besides, students in UK tended to enrol in universities far
from their parental homes, with an expectation of face-to-face teaching (McCaig 2011). In the
remaining three countries, university education is highly subsidised by the government. The Portu-
gal-HEI had the highest preference for recorded lectures. This can be explained by the length of the
recorded videos, which was the shortest in Portugal at ∼25 min. Longer recorded lectures tend to be
disliked by students.

There was also a clear preference for design-based modules to be moved online. This can poten-
tially be attributed to the presence of long mathematical derivations in other modules, which stu-
dents followed better face-to-face where they could ask questions. Likewise, the IE students had
higher preference for face-to-face teaching than the other disciplines. While this variation could
partly be attributed to different sample sizes, one possible explanation is that industrial engineering
is a more mathematical discipline requiring rigorous derivations on modules such as operations
research. However, this merits further investigation.

While students generally felt moving teaching online was helpful, the effectiveness of delivered
education merits discussion. It is evident from the ambiguous responses (means centered around
‘neither agree nor disagree’) that it was not a smooth transition. Students missed out on valuable
instruction in a manner that was made available to prior or future batches unaffected by the pan-
demic. Of particular interest is remote group work that became difficult due to the pandemic.
This can thus be identified as another area which needs planning to enhance teaching delivery.

The survey also revealed one key shortcoming of current VLEs, that of communication between
students. This item scored the least on the delivery tools subscale (M = 3.15). This is one area where e-
learning companies and universities can work together to improve.

Gender was a strong source of variation. This is not surprising considering in previous studies, sig-
nificant differences between males and females had been reported, such as more stable attitude in
males and more stable participation by females (Rizvi, Rienties, and Khoja 2019). Also, Diep et al.
(2016) report gender influencing online interactions between learners. The results from this study
indicate females preferred face-to-face teaching more than males. In addition, gender showed sig-
nificant interaction with university, year group and programme.
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The interactions observed indicate specific variations within subgroups where action is merited.
Particularly, in the UK and Romania HEIs, VLE-based digital delivery has scope for improvement,
while in the USA-HEI, gender gap in delivery through VLE needs to be addressed so males are
able to effectively use VLEs as much as females. Likewise, for mathematics-based modules,
females prefer face-to-face teaching more and this can be addressed by conducting such classes
in person. This is particularly required for female students studying IE. Also, the 2nd-year under-
graduates have been most affected by the transition and need further attention in coming academic
years to strengthen educational outcomes.

The assessment outcomes have shown different patterns across the two years of the pandemic at
different HEIs. Some of it is linked to student preferences and others linked to change in assessment
styles (e.g. from closed book to open book). The variation for advanced statics at the UK-HEI could be
explained by a new assessment regime where students were given time to draft solutions and
present them orally. In Brazil, there was a drop in scores for 2020–2021 that could be linked to
student preference for face-to-face teaching. In Romania, USA and Portugal, no such links could
be established.

Many universities that operate in primarily face-to-face mode have moved to a blended learning
approach. However, this comes with several challenges. Condie and Livingston (2007) point out this
leads to academics feeling loss of identity, control and uncertainty of intervention. Further, they per-
ceive this as a threat in supporting students engaged in self-learning parts of the curriculum. Besides,
the online part of the blended learning approach is not suitable to all abilities. Self-motivation and
maturity are required for success in educational endeavors. Engineering educators and administra-
tors need to ask critical questions on how to address the challenges identified. Based on the analysis
from the survey, the experience and exposure of the authors and current remote learning trends, a
set of tools were identified (Table 4), which can be used for future preparedness.

6. Limitations of this study

This study used a cross-sectional design, which limits some conclusions. For instance, it is not feasible
to find causal links between length of exposure to online learning to preferences for remote teach-
ing. While for the 1st-year undergraduates, the exposure to face-to-face university education was
limited, the latter years had learnt primarily face-to-face. As the pandemic continues and online
teaching is persisted with, student preferences after a sustained period might change. The inability
to measure persistence over time and to carry out psycho-social analysis of individual cases is a
common limitation of cross-sectional study designs (Hazari et al. 2010).

The study did not evaluate responses based on certain attributes such as age, region of origin,
poverty level, previous educational outcomes, variations in learning design at the different univer-
sities, cultural differences, interactions between learners, etc. which affect student perception
(Rizvi, Rienties, and Khoja 2019). This study was conducted during a once-in-a-century pandemic,
with different governments and universities applying different measures. This could impact some
study outcomes as it is hard to link government and university policies to student preferences.
These aspects can be explored in future studies.

Although the study was conducted in M&IE departments, there were a sizeable number of stu-
dents from other disciplines (notably, economics (N = 59) and an amalgamation of other disciplines
(N = 75)) who were also taking some of the interdisciplinary modules. The overall trends for each sub-
scale remain intact and since discipline-wise analysis is presented, the results are clearly presented
for future use. So, if practitioners from other disciplines wanted to look at a more generic picture, the
means to individual Likert items under the classification of ‘Other’ could be used. However, the
survey sample was targeted and cross-sectional.

Likert scales suffer from limitations such as central tendency bias, acquiescence bias and social
desirability bias (Nadler, Weston, and Voyles 2015). As a 5-point scale was used, central tendency
bias could not be completely avoided. However, the results indicate that only 5 of the 24
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Table 4. Tools for remote learning future preparedness.

Remote learning
support area Support mechanisms and tools

Source for support mechanism/tool

Student suggestion
(descriptive questions)

Likert items
analysis

Literature/
Authors

Primary software
tools

Live video classes e.g. Zoom, MS Teams,
Google Meet

✓ ✓ ✓

Virtual learning environment e.g. Moodle,
Blackboard, Canvas

✓ ✓ ✓

Collaborative applications e.g. Google Docs,
virtual boards, wikis

✓ ✓ ✓

Online assessment or testing platform ✓ ✓ ✓
Cloud storage ✓ ✓

Support software
tools

Dashboard for tracking student engagement
and progress

✓

Screen reader: text to speech ✓
Dictation: speech to text ✓
Captions or transcripts on video ✓
Spelling or writing support ✓
Screen magnification ✓
Specialist software for each module ✓ ✓
Ergonomic devices ✓ ✓
VR-based apps ✓ ✓
Integration of multiple platforms ✓
High bandwidth streaming of lectures, calls,
etc.

✓ ✓

Reduction in data consumption by apps ✓
Recorded sessions with interactive content ✓
Breakout rooms and whiteboards ✓ ✓
E-books and virtual libraries ✓ ✓

Primary hardware
tools

Smart monitors ✓ ✓
Visualisers ✓
High speed internet connectivity (e.g. USB
dongles)

✓ ✓

Webcams, scanners and printers ✓
Support hardware
tools

Upgrade platforms and systems ✓
Additional computers and portable devices
(e.g. tablets)

✓

Subsidised PC/laptop repair facilities ✓
Use of virtual reality headsets in class ✓
Miniature lab kits sent to student via courier ✓

Instructional
approaches

Record and upload a video lecture ✓ ✓ ✓
Produce and upload course materials ✓ ✓
Mixed face-to-face/online class ✓
Moderate an online forum/text-based
discussion

✓ ✓

Support online collaboration ✓ ✓ ✓
Virtual lab, practical or fieldwork activity ✓ ✓

Environmental
factors

Support teaching staff to use their own
devices

✓

Reward and recognition for digital skills ✓ ✓
Digital design and marketing skills training ✓
Support teaching staff to access online
platforms and services off site

✓

Effective online communication through
support tickets

✓

Involve teaching staff in decisions about
teaching platforms

✓

Safe, private area to work ✓
Guidance about the digital skills needed in
teaching role

✓

Accredited training and drop-in workshops
for enhancing digital skills of staff and
students

✓ ✓

Assessment of digital skills and training needs ✓

(Continued )
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questions had the mode ‘3’, and hence, to that extent, central tendency bias was not evident
across the entire survey, which indicates a high degree of survey reliability. The survey also
had free-form text box questions to ensure that the responses could be checked for acquiescence
bias. As an online, anonymous survey was used, social desirability bias was avoided to a great
extent.

The intention with this study was to evaluate student preferences during the pandemic that could
provide guidance for modifying future delivery. While expert panel evaluations could have yielded
further insights, those would have had limited capabilities for data collections (Cash, Stanković, and
Štorga 2016). Threats to the internal validity of the survey were reduced by using random selection
within the same sampling time frame from all institutions. The results indicate that despite any
missing causal links, clear trends emerged from the survey, which can be used for modifying
M&IE teaching delivery to benefit academic communities.

7. Implications for future studies

The study can be further improved by bringing in missing attributes identified in Section 6. The
survey questions can be made more specific to a list of modules rather than grouping as ‘mathemat-
ics-based’ or ‘mechanics-based’ or ‘design-based’. However, this needs careful work as curricula vary
by university and geography.

The Brazil-HEI had the highest appreciation for digital delivery tools. This provides pointers to
one or both of two things: (i) VLEs were used more efficiently, (ii) students were concerned face-to-
face instruction was not safe (either due to Brazil being a developing country or due to govern-
mental policies). The exact cause could not be ascertained from the survey, as this result was
not one of the hypotheses and was evident only post analysis. However, the cause merits some
investigation.

The questionnaire length also poses some issues in gathering reliable data. A longer question-
naire leads to lower student interest in answering all questions honestly or mental fatigue. Hence,
the questionnaire can be broken down into sections administered separately at different instances
of time, with limited number of questions which can elicit more honest responses. As Cronbach’s
alpha numbers were well over 0.7, this indicates more items are not necessarily needed. However,
it is possible to trim the survey by removing questions that yield similar outcomes, such as questions
on subscale 3 (delivery tools).

8. Conclusions

The results from this study provide key trends and guidance to universities for future action in reor-
ganising their online teaching delivery in M&IE in coping with this pandemic and future disruptions.
Both quantitative and qualitative answers to the research questions were obtained which are sum-
marised below:

(1) The preference for face-to-face teaching in all instruction modes was evident, although ERT was
acceptable to most students due to the nature of the pandemic, where it became unavoidable.

Table 4. Continued.

Remote learning
support area Support mechanisms and tools

Source for support mechanism/tool

Student suggestion
(descriptive questions)

Likert items
analysis

Literature/
Authors

Giving staff time to explore new digital tools
and approaches

✓

Training on delivering effective digital
assessments

✓
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Laboratories were the most preferred for face-to-face delivery. Remote live lectures were pre-
ferred over recorded lectures. These results are significant in that the trends were clear across
all HEIs and the first clear results establishing these student preferences in M&IE disciplines.

(2) One key challenge was ensuring continuity in learning in a discipline dominated by practice and
where insights gained through hands-on learning is key to emerging as a skilled engineer valued
by industry and society. The students echoed that need by showing stronger preference for face-
to-face laboratories. Past work has highlighted that online laboratories are not satisfactory sol-
utions for engineering disciplines (Hyder, Thames, and Schaefer 2009). The delivery effectiveness
score (3.05) indicated that while the transition to ERT was not a complete disaster, there was still
significant room for improvement. One key problem area was groupwork and communication
between students which can be improved with digital innovations.

(3) The uptake and usage of digital delivery tools was promising with a score of 3.61. However, there
is still room for improvement, as the score for this subscale as well as the others was below
4. There was higher preference for design-based modules to be moved online. This aspect is
a novel finding that can be potentially used by HEIs.

(4) The study highlighted several factors that influence online teaching delivery in M&IE. These
included university, gender, programme and year of study. These factors and their interactions
correlated with the preference for remote delivery, delivery effectiveness and impact of digital
delivery tools. Despite being a survey targeting M&IE students, the general trends remain
intact for other disciplines. The perception of economics students studying engineering
modules indicates the underlying factors in external disciplines studying M&IE.

(5) The progression of assessment scores with the evolution of the pandemic indicated links with
student preferences, assessment modes (open book vs. closed book) and gradual adaptation
from the first pandemic year to the next.

The factors underlying student perceptions as identified in this research need to be accounted for
in responding to disaster scenarios and building resilient remote engineering education infrastruc-
ture globally. The outcome of the study is important as the pandemic is yet to be contained in many
countries, with new waves of propagation appearing. In doing so, the importance of tailored remote
learning in engineering education was never so big and may become the new normal in the coming
years.
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Appendices

Appendix 1. Details of population demographics in the countries involved in this study,
enrolled students and accreditation bodies for M&IE departments

Country Census year Population
%

males
%

females
HEI

ownership
Enrolled
students

Accreditation
body

UK 2019 (Office-for-National-Statistics
2019)

66,796,807 49.4 50.6 Public 14,900 IMechE

USA 2019
(United_States_Census_Bureau
2019)

328,239,523 49.2 50.8 Public 36,304 ABET

Romania 2020 (National-Institute-of-Statistics
2020a))

19,317,984 48.9 51.1 Public 13,500 ARACIS

Brazil 2020 (Brazilian-Institute-of-
Geography-and-Statistics 2020)

211,755,692 48.2 51.8 Private 1322 Ministério da
Educação

Portugal 2020 (National-Institute-of-Statistics
2020b)

10,295,909 52.8 47.2 Public 12, 890 A3ES

Notes: IMechE – Institution of Mechanical Engineers’; ABET – Accreditation Board for Engineering and Technology; ARACIS –
Agentia Romana de Asigurarea Calitatii in Invatamantul Superior; A3ES – Agência de Avaliação e Acreditação do Ensino Superior.

EUROPEAN JOURNAL OF ENGINEERING EDUCATION 133

https://www.ufrgs.br/fce/coronavirus/
http://www.ufrj.br
https://ufrj.br/noticia/2020/06/25/ufrj-lanca-programa-de-inclusao-digital-para-ensino-remoto-emergencial
http://www.noticias.ufsc.br
https://noticias.ufsc.br/2020/07/atividades-pedagogicas-nao-presenciais-entenda-como-sera-a-retomada-do-ensino-na-ufsc/
https://noticias.ufsc.br/2020/07/atividades-pedagogicas-nao-presenciais-entenda-como-sera-a-retomada-do-ensino-na-ufsc/
https://noticias.ufsc.br/2020/07/atividades-pedagogicas-nao-presenciais-entenda-como-sera-a-retomada-do-ensino-na-ufsc/
https://www.census.gov/quickfacts/fact/table/US/PST045219#PST045219
https://www.census.gov/quickfacts/fact/table/US/PST045219#PST045219
https://www.universitiesuk.ac.uk/covid19/Pages/default.aspx
https://www.ua.pt/en/news/11/63052
https://www.ua.pt/en/news/11/63052
https://www.universityofcalifornia.edu/news/uc-temporarily-eases-admissions-requirements-response-educational-disruptions
https://www.universityofcalifornia.edu/news/uc-temporarily-eases-admissions-requirements-response-educational-disruptions
https://www.uc.pt/driic/covid-19
https://www.leeds.ac.uk/info/123000/international_students/802/coronavirusinformation_for_applicants_and_offer_holders
https://www.leeds.ac.uk/info/123000/international_students/802/coronavirusinformation_for_applicants_and_offer_holders
https://www.washington.edu/coronavirus/
https://www.washington.edu/coronavirus/
https://doi.org/10.1080/03055698.2012.681360


Appendix 2. Details of modules at involved universities

Metric UK-HEI USA-HEI Portugal-HEI Romania-HEI Brazil-HEI

VLE Moodle Moodle, Mediasite Moodle Google Classroom Moodle
Video-conference
software

Microsoft Teams Zoom Zoom, MS-Teams Google Meet Microsoft Teams

Recording of lectures Delivered live and recorded
simultaneously (∼ 50 min);
other modules in the
department used recordings
only (∼ 25–60 min long)

Recorded with length ∼ 75
min (with 1 short break
between sections); some
lectures delivered live on
Zoom

Recorded with length ∼ 25
min and made available on
youtube; practical sessions of
length 120 min held live
online

Recorded with length ∼ 25–30
min; total lecture length of
live sessions: 100 min with
short break after 50 min

Delivered hybrid (in-
person and live online)
(∼ 3 h with 10 min
break); no recordings

Original assessment Written final examination Homework, attendance, take-
home exams, term projects

2 Term-projects, 1 oral
presentation, 1 written test

Written final examination/Oral
presentation

Individual written test, Oral
presentation, Group
project

Revised assessment
due to pandemic

Take home exam due in 2 weeks
followed by presentation of
solutions

Physical attendance is
replaced by reviewing
recorded lectures

Oral presentation given via
Zoom; written test via
Moodle

Term projects/Take home
exam shared on google meet

Physical attendance
replaced by ‘live’ online
classes. Written test on
Moodle.

Name of course/
module

Advanced Dynamics, Advanced
Statics and Mechanics

Micro/Nano-scale Fabrication
and Manufacturing

Simulation of Technological
Processes

CAD/Geometrical Inspection,
Metal Forming Technologies,
Finite Element Method

CNC CAD/CAM, Welding,
Introduction to
Engineering

Teaching components
delivered remotely

Lecture, Tutorials Lectures, Office hours Lectures, Tutorials Lectures, Tutorials Lectures, Office hours,
Tutorials

Number of students 14 on each module 38 120 95, 53, 104 38, 30, 22
Level of study Undergraduate (2nd-year) Graduate 4th-year, integrated masters Undergraduate 1st-year/

Undergraduate 3rd-year/4th-
year

Undergraduate 1st-year/
Undergraduate 3rd-year/
4th-year

Number of participants
in study

25a 52a 83 167 64

Fraction of university
student population

0.17% 0.14% 0.64% 1.24% 4.84%

Male participants
(fraction of total
participants)

15 (60%) 39 (75%) 69 (83.1%) 93 (55.7%) 53 (82.8%)

Female participants
(fraction of total
participants)

9 (40%) 13 (25%) 14 (16.9%) 72 (44.3%) 11 (17.2%)

Overall gender ratio at
HEI – male students
fraction/female
students fraction

31%/69% 48%/52% 47%/53% 38%/62% 74%/26%

aIncludes other students in same department.
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Appendix 3. Coded Likert-scale items with factor loadings

Code Item Loading

Subscale 1: Student preference for remote learning
S1-1 I prefer face to face lectures to remote live lectures 0.760
S1-2 I prefer face to face tutorials to remote live tutorials 0.729
S1-3 I prefer face to face laboratory classes to remote live laboratory classes 0.573
S1-4 I prefer face to face lectures to recorded lectures 0.699
S1-5 Remote live lectures are better than face to face lectures for design-based modules 0.683
S1-6 Remote live lectures are better than face to face lectures for mechanics modules (statics, dynamics, fluid

mechanics, thermodynamics etc.)
0.818

S1-7 Remote live lectures are better than face to face lectures for science modules (materials science, physics,
chemistry)

0.813

S1-8 Remote live lectures are better than face to face lectures for mathematics modules 0.751
Subscale 2: Delivery effectiveness
S2-1 I prefer remote live lectures to recorded lectures 0.389
S2-2 The switch to remote learning during the COVID-19 pandemic was helpful 0.519
S2-3 The remote lectures were as effective as face to face lectures during the COVID-19 pandemic 0.441
S2-4 The remote tutorials were as effective as face to face tutorials during the COVID-19 pandemic 0.463
S2-5 Remote group work during the COVID-19 pandemic was difficult 0.270
S2-6 I preferred the remote assessments during the COVID-19 pandemic compared with traditional sit-in exams 0.353
S2-7 Remote live lectures and tutorials are equally effective for all courses in mechanical engineering 0.649
S2-8 The remote lectures enabled me to ask questions that I normally find difficult to ask in classes/lectures 0.357
Subscale 3: Digital delivery tools
S3-1 Lecture notes and slides on the VLE allowed me to read ahead of the lectures and prepare in advance; I knew

‘what I was going in for’ when I went to the lectures
0.540

S3-2 Lecture notes and slides available on the VLE helped me to revise after lectures 0.632
S3-3 The variety of resources available on the VLE (videos, external links, sample exercises, practice assignments)

was helpful for my studies
0.736

S3-4 The VLE helped me to communicate with other learners who are doing the same module 0.383
S3-5 The VLE helped me to revise and learn at places and times convenient to me 0.670
S3-6 Mobile apps should be increasingly used for this module in the future 0.434
S3-7 Announcements on the VLE enabled me to plan my study time/how I spend my time in the university 0.606
S3-8 The VLE enabled me to study effectively 0.595
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Appendix 4.

Table A1. Overall itemised means and standard deviations for universities and genders.

Mean Standard deviation

All
respondents Male Female

UK
HEI

Romania
HEI

Brazil
HEI

Portugal
HEI

USA
HEI

All
respondents Male Female

UK
HEI

Romania
HEI

Brazil
HEI

Portugal
HEI

USA
HEI

Subscale 1: Student preference for remote learning
S1-1 4.00 3.92 4.16 4.52 3.93 3.80 3.83 4.40 1.02 1.03 0.97 0.81 0.98 1.19 0.99 0.74
S1-2 3.89 3.80 4.05 4.56 3.86 3.66 3.53 4.33 1.10 1.13 1.02 0.80 1.01 1.30 1.18 0.75
S1-3 4.42 4.37 4.52 4.72 4.17 4.70 4.40 4.71 0.84 0.88 0.76 0.53 0.92 0.78 0.79 0.57
S1-4 3.89 3.88 3.89 4.24 3.93 3.94 3.49 4.04 1.10 1.10 1.12 1.11 0.96 1.26 1.16 1.06
S1-5 2.68 2.78 2.51 2.44 2.72 2.83 2.61 2.67 1.06 1.06 1.02 0.94 1.14 1.10 0.90 0.87
S1-6 2.45 2.53 2.28 2.32 2.42 2.20 2.61 2.73 1.02 1.07 0.87 0.79 1.02 1.19 1.00 0.74
S1-7 2.49 2.55 2.35 2.2 2.51 2.23 2.75 2.60 0.98 1.01 0.88 0.75 0.98 1.04 1.02 0.74
S1-8 2.43 2.49 2.31 2.52 2.43 2.19 2.60 2.54 1.01 1.06 0.86 1.02 0.97 1.18 0.97 0.87
Subscale 2: Delivery effectiveness
S2-1 3.57 3.58 3.56 3.56 3.69 3.75 3.22 3.40 1.10 1.10 1.11 1.20 0.96 1.26 1.14 1.11
S2-2 3.54 3.54 3.56 3.32 3.39 3.94 3.65 3.65 1.12 1.10 1.14 1.09 1.15 1.04 1.02 0.94
S2-3 2.90 2.95 2.82 2.68 2.90 3.20 2.88 2.90 1.14 1.13 1.14 1.05 1.12 1.30 1.06 1.06
S2-4 3.05 3.06 3.06 2.72 3.07 3.28 3.27 2.79 1.09 1.08 1.09 0.96 1.05 1.29 1.01 0.95
S2-5 3.53 3.53 3.52 3.6 3.38 3.19 3.86 3.75 1.08 1.05 1.15 0.80 0.98 1.24 1.14 1.04
S2-6 3.18 3.32 2.94 3.32 3.14 3.33 3.05 3.37 1.21 1.15 1.28 1.43 1.13 1.34 1.14 1.09
S2-7 2.66 2.70 2.60 2.64 2.84 2.53 2.39 2.83 1.01 1.04 0.96 0.84 1.06 1.15 0.98 0.67
S2-8 3.04 3.08 2.99 2.64 3.22 3.08 2.98 2.83 1.12 1.13 1.10 1.05 1.08 1.19 1.12 1.03
Subscale 3: Digital delivery tools
S3-1 3.49 3.47 3.52 3.6 3.37 3.61 3.63 3.42 0.89 0.89 0.87 1.17 0.80 0.96 0.85 0.84
S3-2 3.92 3.91 3.95 4.36 3.66 4.17 4.14 3.94 0.77 0.81 0.69 0.62 0.76 0.78 0.70 0.63
S3-3 3.93 3.97 3.85 3.92 3.71 4.25 4.18 3.98 0.85 0.88 0.79 1.02 0.83 0.87 0.71 0.72
S3-4 3.15 3.19 3.07 2.68 3.34 3.16 3.01 3.15 0.98 0.98 0.98 1.26 0.91 0.99 0.92 0.91
S3-5 3.83 3.82 3.88 3.92 3.71 4.16 3.78 3.94 0.92 0.94 0.86 0.69 0.85 1.02 0.93 0.89
S3-6 3.63 3.62 3.66 3.24 3.71 3.88 3.63 3.42 1.07 1.06 1.09 1.27 0.99 1.23 0.97 0.95
S3-7 3.53 3.49 3.61 3.36 3.43 3.58 3.67 3.69 0.93 0.97 0.85 1.13 0.90 1.07 0.87 0.80
S3-8 3.38 3.41 3.35 3.6 3.29 3.38 3.55 3.48 0.93 0.92 0.92 0.80 0.90 1.01 0.81 0.91
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Table A2. Frequency distributions and modes of individual student responses.

Code Strongly disagree Disagree Neither agree nor disagree Agree Strongly agree Mode
S1-1 5 35 76 131 161 5
S1-2 11 43 79 123 152 5
S1-3 3 13 38 109 245 5
S1-4 12 41 79 124 152 5
S1-5 55 126 144 60 23 3
S1-6 76 143 131 45 13 2
S1-7 67 142 141 49 9 2
S1-8 78 142 135 40 13 2
S2-1 15 56 116 123 98 4
S2-2 25 48 100 153 82 4
S2-3 47 112 120 94 35 3
S2-4 40 82 138 115 33 3
S2-5 8 79 97 138 86 4
S2-6 43 79 106 120 60 4
S2-7 47 143 135 66 17 2
S2-8 34 105 120 107 42 3
S3-1 10 37 148 171 42 4
S3-2 2 10 97 207 92 4
S3-3 5 20 74 209 100 4
S3-4 21 74 166 116 31 3
S3-5 9 19 100 183 97 4
S3-6 19 45 87 174 83 4
S3-7 16 34 121 192 45 4
S3-8 15 45 157 154 37 3

Appendix 5. Results for disciplines of enrolment

Mean Standard deviation

Mechanical Industrial Economics Others Mechanical Industrial Economics Others
Count 184 90 59 75
Subscale 1: Student preference for remote learning
S1-1 3.86 4.24 4.03 4.03 1.05 0.89 0.86 1.13
S1-2 3.68 4.20 3.93 3.99 1.19 0.88 0.97 1.11
S1-3 4.30 4.47 4.39 4.69 0.90 0.82 0.82 0.63
S1-4 3.78 4.11 3.90 3.89 1.12 1.04 0.95 1.22
S1-5 2.69 2.51 2.78 2.79 1.01 0.99 1.11 1.17
S1-6 2.51 2.46 2.39 2.36 1.06 0.94 0.94 1.03
S1-7 2.59 2.44 2.49 2.28 1.05 0.93 0.89 0.86
S1-8 2.51 2.40 2.41 2.29 0.98 1.03 0.87 1.12
Subscale 2: Delivery effectiveness
S2-1 3.55 3.59 3.49 3.67 1.11 1.14 0.95 1.16
S2-2 3.54 3.33 3.59 3.73 1.13 1.01 1.14 1.16
S2-3 3.01 2.76 2.71 2.93 1.12 1.09 1.07 1.26
S2-4 3.25 2.72 3.00 2.97 1.08 0.97 0.97 1.24
S2-5 3.61 3.63 3.25 3.41 1.10 0.95 1.22 1.05
S2-6 3.10 3.23 3.00 3.47 1.19 1.16 1.12 1.32
S2-7 2.61 2.71 2.76 2.65 1.09 0.83 1.01 1.01
S2-8 3.10 2.96 3.10 2.96 1.13 1.09 1.05 1.18
Subscale 3: Digital delivery tools
S3-1 3.53 3.40 3.37 3.57 0.88 0.81 0.84 0.98
S3-2 3.97 3.74 3.78 4.15 0.78 0.75 0.76 0.72
S3-3 4.01 3.78 3.75 4.07 0.85 0.81 0.73 0.94
S3-4 3.16 3.19 3.31 2.97 0.95 0.96 0.96 1.05
S3-5 3.77 3.73 3.80 4.15 0.88 0.99 0.84 0.90
S3-6 3.61 3.51 3.88 3.63 1.03 0.99 0.98 1.26
S3-7 3.53 3.49 3.49 3.60 0.91 0.92 0.91 1.01
S3-8 3.42 3.27 3.37 3.39 0.87 0.93 0.84 1.09
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Appendix 6. Results for year groups (UG: undergraduate)

Mean Standard deviation

1st
year
UG

2nd
year
UG

3rd
year
UG

4th
year
UG Masters PhD Others

1st
year
UG

2nd
year
UG

3rd
year
UG

4th
year
UG Masters PhD Others

Count 33 29 62 145 113 16 10
Subscale 1: Student preference for remote learning
S1-1 4.06 4.24 4.00 3.88 4.04 4.31 3.90 1.17 0.91 0.99 1.07 0.89 0.95 1.60
S1-2 4.12 4.48 3.81 3.68 3.88 4.44 4.10 1.22 0.74 1.05 1.20 1.02 0.73 1.10
S1-3 4.52 4.59 4.42 4.39 4.37 4.56 4.50 1.00 0.78 0.86 0.83 0.81 0.81 0.97
S1-4 3.94 4.38 3.85 3.86 3.74 4.38 3.90 1.22 0.94 1.11 1.11 1.07 0.72 1.60
S1-5 2.45 2.17 2.82 2.77 2.73 2.56 2.30 1.06 0.97 1.05 1.14 0.95 0.73 1.42
S1-6 2.33 1.93 2.34 2.46 2.73 2.50 1.70 1.02 0.96 0.94 1.15 0.86 0.52 0.95
S1-7 2.24 2.07 2.39 2.51 2.74 2.44 2.00 1.03 0.96 0.91 1.05 0.83 0.81 1.15
S1-8 2.12 2.10 2.44 2.42 2.66 2.56 1.70 1.14 1.08 0.99 1.06 0.87 0.81 0.82
Subscale 2: Delivery effectiveness
S2-1 3.61 3.93 3.58 3.57 3.43 3.50 4.10 1.20 1.10 1.05 1.13 1.07 1.03 1.29
S2-2 3.45 2.97 3.56 3.70 3.56 3.31 3.10 1.15 1.30 1.07 1.13 1.07 0.95 1.10
S2-3 2.76 2.55 2.90 3.03 2.94 2.75 2.20 1.37 1.21 1.21 1.15 1.01 1.00 0.92
S2-4 2.76 2.52 3.08 3.32 3.00 2.81 2.30 1.28 1.06 1.04 1.11 0.99 0.98 0.95
S2-5 3.55 3.83 3.18 3.48 3.65 3.69 3.80 0.90 0.89 1.05 1.17 1.05 1.08 1.23
S2-6 3.06 3.10 3.13 3.17 3.31 3.25 2.90 1.20 1.29 1.19 1.26 1.13 1.06 1.73
S2-7 2.85 2.38 2.68 2.70 2.72 2.63 1.70 1.15 0.94 0.88 1.14 0.89 0.72 0.82
S2-8 3.21 2.59 3.18 3.14 3.03 2.13 3.20 1.19 0.98 1.08 1.17 1.03 0.89 1.48
Subscale 3: Digital delivery tools
S3-1 3.27 3.03 3.66 3.59 3.48 3.31 3.30 1.07 0.87 0.72 0.89 0.76 1.14 1.49
S3-2 3.97 3.66 3.94 3.98 3.87 4.00 4.20 0.77 0.86 0.65 0.80 0.73 0.82 1.23
S3-3 3.91 3.72 3.92 4.03 3.89 3.88 3.60 1.21 0.88 0.75 0.81 0.77 0.72 1.51
S3-4 3.39 2.93 3.19 3.17 3.16 2.75 3.00 1.09 1.19 1.05 0.96 0.86 0.86 1.05
S3-5 3.76 3.83 3.87 3.84 3.84 3.75 3.80 1.03 0.76 0.91 0.94 0.86 0.93 1.40
S3-6 3.61 3.24 3.69 3.70 3.66 3.31 3.60 1.25 1.33 1.10 1.08 0.87 0.87 1.51
S3-7 3.61 3.14 3.47 3.52 3.64 3.81 3.20 0.90 1.03 1.00 0.97 0.81 0.83 1.14
S3-8 3.36 2.93 3.37 3.48 3.37 3.44 3.20 1.17 0.96 0.83 0.91 0.87 0.89 1.32
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Appendix 7. Assessment outcomes in pandemic year (2020–2021)a

Country
of HEI Name of module

Academic year 2020–2021

Number
of
students

Average
% marks

Standard
deviation

Written
exams
(weight-

%)

Written
exams

(Average %
marks)

Written
exams

(Standard
deviation)

Oral
exams
(weight-

%)

Oral exams
(Average %
marks)

Oral exams
(Standard
deviation)

Laboratory
(weight-%)

Laboratory
(Average %
marks)

Laboratory
(Standard
deviation)

Number
passed

Number
failed

Number
deferred

USA Micro/Nano-scale
Fabrication and
Manufacturing

16 91.02 5.20 100 91.02 5.20 NA NA NA NA NA NA 16 100.0% 0 0.0% 0 0.0%

UK Advanced Statics
and Mechanics

19 54.64 20.26 90.0 54.00 21.08 NA NA NA 10.0 52.58 30.82 9 47.40% 3 15.80% 6 36.80%

UK Advanced
Dynamics

19 45.31 26.49 90.0 40.87 27.74 NA NA NA 10.0 60.70 26.85 12 63.20% 1 5.30% 7 31.60%

Brazil Introduction to
Engineering

29 65.73 21.50 66.7 60.92 20.82 NA NA NA 33.3 75.34 29.72 26 89.7% 0 0.0% 3 10.3%

Brazil CNC CAD/CAM 18 50.54 32.07 33.3 52.17 33.68 NA NA NA 66.7 47.28 33.55 13 72.2% 5 27.8% 0 0.0%
Brazil Welding 18 77.03 11.99 66.7 82.03 14.07 NA NA NA 33.3 74.53 14.59 18 100.0% 0 0.0% 0 0.0%
Romania Metal forming 54 76.50 17.00 70.0 74.80 17.50 NA NA NA 30.0 80.00 16.70 40 74.1% 12 22.2% 2 3.7%
Romania Finite element

method
(Mechatronics)

56 77.10 18.30 NA NA NA 70.0 74.20 19.80 30.0 82.80 14.80 52 92.9% 0 0.0% 4 7.1%

Romania Finite element
method
(Industrial
Engineering)

57 83.10 11.70 NA NA NA 70.0 82.70 10.40 30.0 84.30 13.90 50 87.7% 2 3.5% 5 8.8%

Portugal Simulation of
Technological
Processes

122 77.95 9.90 25 61.20 20.00 NA NA NA 75 81.60 10.40 109 89.3% 2 1.6% 11 9.0%

a
Component means exclude components marks of 0 for UK-HEI. Overall module means exclude module marks of 0 for UK-HEI. Overall mean is not equal to weighted mean of components in some instances in above tables as some students may
have appeared for only 1 of 2 components or secured a mark of 0 for non-submission or other reasons such as academic malpractice.
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Appendix 8. Assessment outcomes in pandemic year (2019–2020)a

Country
of HEI Name of module

Academic year 2019–2020

Number
of
students

Average
% marks

Standard
deviation

Written
exams
(weight-

%)

Written
exams

(Average %
marks)

Written
exams

(Standard
deviation)

Oral
exams
(weight-

%)

Oral exams
(Average %
marks)

Oral exams
(standard
deviation)

Laboratory
(weight-%)

Laboratory
(Average %
marks)

Laboratory
(Standard
deviation)

Number
passed

Number
failed

Number
deferred

USA Micro/Nano-scale
Fabrication and
Manufacturing

38 91.60 4.50 100 91.60 4.50 NA NA NA NA NA NA 38 100.0% 0 0.0% 0 0.0%

UK Advanced Statics
and Mechanics

14 83.23 8.53 NA NA NA 75.0 86.77 8.83 25.0 71.69 15.14 12 85.7% 0 0.0% 2 14.3%

UK Advanced
Dynamics

14 57.62 9.28 NA NA NA 75.0 55.46 11.90 25.0 63.62 6.64 13 92.9% 0 0.0% 1 7.1%

Brazil Introduction to
Engineering

50 60.82 28.62 66.7 64.54 29.82 NA NA NA 33.3 53.38 29.60 36 72.0% 8 16.0% 6 12.0%

Brazil CNC CAD/CAM 37 77.28 17.03 33.3 80.15 18.12 NA NA NA 66.7 71.54 20.18 36 97.3% 0 0.0% 1 2.7%
Brazil Welding 34 79.96 16.17 66.7 85.38 17.25 NA NA NA 33.3 77.25 17.43 33 97.1% 1 2.9% 0 0.0%
Romania Metal forming 59 74.67 17.10 100.0 74.70 17.10 NA NA NA NA NA NA 45 76.3% 7 11.9% 7 11.9%
Romania Finite element

method
(Mechatronics)

42 87.00 13.40 NA NA NA 70.0 84.00 18.70 30.0 94.00 11.30 40 95.2% 1 2.4% 1 2.4%

Romania Finite element
method
(Industrial
Engineering)

53 88.67 12.20 NA NA NA 70.0 86.00 14.80 30.0 95.20 11.80 45 84.9% 3 5.7% 5 9.4%

Portugal Simulation of
Technological
Processes

106 73.95 10.60 30 49.60 17.70 NA NA NA 70 81.10 11.90 91 85.8% 2 1.9% 13 12.3%

a
Component means exclude components marks of 0 for UK-HEI. Overall module means exclude module marks of 0 for UK-HEI. Overall mean is not equal to weighted mean of components in some instances in above tables as some students may
have appeared for only 1 of 2 components or secured a mark of 0 for non-submission or other reasons such as academic malpractice.
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Appendix 9. Assessment outcomes in non-pandemic year (2018–2019)a

Country
of HEI Name of module

Academic year 2018–2019

Number
of

students
Average
% marks

Standard
deviation

Written
exams
(weight-

%)

Written
exams

(Average %
marks)

Written
exams

(Standard
deviation)

Oral
exams
(weight-

%)

Oral exams
(Average %
marks)

Oral exams
(Standard
deviation)

Laboratory
(weight-%)

Laboratory
(Average %
marks)

Laboratory
(Standard
deviation)

Number
passed

Number
failed

Number
deferred

USA Micro/Nano-scale
Fabrication and
Manufacturing

26 93.90 3.70 100 93.90 3.70 NA NA NA NA NA NA 26 100.0% 0 0.0% 0 0.0%

UK Advanced Statics
and Mechanics

11 54.00 13.61 75.0 52.09 16.89 NA NA NA 25.0 59.18 13.89 8 72.7% 2 18.2% 1 9.1%

UK Advanced
Dynamics

11 49.82 13.22 75.0 46.55 15.20 NA NA NA 25.0 65.00 12.83 9 81.8% 1 9.1% 1 9.1%

Brazil Introduction to
Engineering

67 59.59 28.05 66.7 62.50 28.17 NA NA NA 33.3 53.78 30.82 51 76.1% 3 4.5% 13 19.4%

Brazil CNC CAD/CAM 37 70.59 21.36 33.3 71.79 21.95 NA NA NA 66.7 68.19 22.64 33 89.2% 3 8.1% 1 2.7%
Brazil Welding 31 71.84 5.13 66.7 59.06 9.75 NA NA NA 33.3 78.13 6.59 31 100.0% 0 0.0% 0 0.0%
Romania Metal forming 53 79.20 18.40 70.0 81.00 19.60 NA NA NA 30.0 75.90 15.30 35 66.0% 10 18.9% 8 15.1%
Romania Finite element

method
(Mechatronics)

47 85.00 13.80 NA NA NA 70.0 81.00 17.20 30.0 94.60 13.40 44 93.6% 1 2.1% 2 4.3%

Romania Finite element
method
(Industrial
Engineering)

56 82.00 10.70 NA NA NA 70.0 79.50 12.30 30.0 88.20 10.50 52 92.9% 2 3.6% 2 3.6%

Portugal Simulation of
Technological
Processes

100 73.20 11.20 30 46.10 16.00 NA NA NA 70 80.80 14.30 85 85.0% 3 3.0% 12 12.0%

a
Component means exclude components marks of 0 for UK-HEI. Overall module means exclude module marks of 0 for UK-HEI. Overall mean is not equal to weighted mean of components in some instances in above tables as some students may
have appeared for only 1 of 2 components or secured a mark of 0 for non-submission or other reasons such as academic malpractice.
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Appendix 10. Assessment outcomes at the UK HEI (Data for 6 years spanning 2015–2021)a

2015/2016 2016/2017 2017/2018 2018/2019 2019/2020 2020/2021 Overall
Mean

Overall
SDModule Name Component Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

Advanced Statics and
Dynamics

001 (Lab) 72.20 9.414 57.08 15.559 46.70 18.427 59.18 13.891 71.69 15.140 52.58 30.818 60.12 20.240

002 (Written/
Oral)

56.10 13.195 57.50 14.994 52.80 19.043 52.09 16.896 86.77 8.833 54.00 21.075 60.42 20.209

Advanced Statics and
Dynamics Total

60.10 10.181 57.50 13.615 51.30 17.820 54.00 13.609 83.23 8.526 54.64 20.255 60.64 18.060

Advanced Dynamics 001 (Lab) 73.90 11.799 60.42 15.024 42.45 20.627 65.00 12.832 63.62 6.640 60.70 26.850 60.83 18.476
002 (Written/
Oral)

56.70 11.363 45.08 14.324 50.10 24.388 46.55 15.201 55.46 11.900 40.87 27.738 48.66 19.249

Advanced Dynamics Total 61.10 8.319 48.92 13.242 44.73 24.430 49.82 13.227 57.62 9.278 45.31 26.487 51.09 17.950
aComponent means exclude components marks of 0 for UK-HEI. Overall module means exclude module marks of 0 for UK-HEI. Overall mean is not equal to weighted mean of components in some
instances in above tables as some students may have appeared for only 1 of 2 components or secured a mark of 0 for non-submission or other reasons such as academic malpractice.
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