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Abstract

Although a large variety of methodologies, contexts and perspectives have been
used to examine educational application of technology, there is a paucity of instru-
ments that are designed to comprehensively evaluate the use of technology in educa-
tion. This paper presents a Confirmatory Factor Analysis (CFA) of an instrument
that incorporates eight key dimensions: learning, affective, behavioral, technol-
ogy, design, pedagogy, presence/community, and institutional environment. These
dimensions were derived from rigorous systematic literature review and field spe-
cialist validation processes. The model was then refined and empirically confirmed
in this study by 1,352 participants undertaking a Coursera open online course. The
results of applying the instrument, as well as qualitative feedback from participants,
are shared to illustrate its breadth and utility. The final 28 item “Comprehensive
Evaluation of Use of Technology in Education” instrument is provided in full to
support consistent, holistic and robust evaluation and comparison of technology use
across educational contexts.

Keywords Distance education and online learning - Applications in subject
areas - Evaluation methodologies - Interactive learning environment - MOOC:s -
Confirmatory factor analysis

1 Introduction
Technology is now considered a critical and essential tool for enhancing teaching

and learning by enabling students to access education from anywhere, at any time
and often at their own pace (Turugare & Rudhumbu, 2020). With this increasing
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use of technology in education, practitioners and policy-makers need to deeply
understand all aspects of how learning can be assisted with technology in order to
enhance the overall student experience (Partala & Saari, 2015). Reflexive evaluation
of technology use in education enables all stakeholders to understand the manifold
impact of their approaches and continually refine their practices based on objective
evidence. During the COVID-19 pandemic, the need for robust evaluation of tech-
nology use in education has only been heightened. The rapid and unplanned shift to
online teaching caused by the COVID-19 pandemic constitutes the largest disrup-
tion to education systems in history (Algahtani & Rajkhan, 2020), with researchers
arguing that there is an absence of comprehensive mechanisms to evaluate technol-
ogy-enhanced learning (Al-Taweel et al., 2021). Without robust, valid and compre-
hensive means of evaluating technology use during the switch to online learning,
educational systems, institutions, and teachers may struggle to accurately gauge the
impact of their changes or how to improve their approaches.

However, in the context of learning with technology, the evaluation process
is complex and often controversial (Muller & Waulf, 2020). Phillips, Kennedy and
McNaught observe that educational technology evaluation is multifaceted, involving
the apprehension of a large number of interdependent variables (2012). Kirkwood
and Price (2015) point out that during evaluation, researchers may focus on the tech-
nology itself rather than the way that the technology is used in the learning process.
There are often methodological limitations in the way that the use of technology in
education is evaluated, such as the construct and content validity of the measurement
items, as well as the generalizability of the results (Cox & Marshall, 2007; Kirkwood
& Price, 2015). Further, investigations about the use of technology are usually evalu-
ated using a narrow perspective, with previous work by Lai & Bower (2019) showing
that while a wide range of dimensions are evaluated throughout the educational tech-
nology literature (learning, affective elements, behaviors, technology, design, peda-
gogy, presence/community, as well as the institutional environment), research tends
to typically focus on a small subset of these dimensions. To the best of our knowl-
edge, there is no single comprehensive and robust model with which to evaluate the
wide range of dimensions that influence technology-enhanced learning. This may be
part of the reason that some researchers claim that there are not enough high qual-
ity evidence-based approaches to evaluate the impact of technology use in education
(Kirkwood & Price, 2015). Additionally, there have historically been concerns about
the exclusive use of either quantitative or qualitative research methods, that do not
seize upon the power to adequately complement each other to enhance understanding
of effects (Maxwell, 2016; Mertens & Hesse-Biber, 2013).

The development of an integrated model to comprehensively evaluate the use
of technology in education can help educators plan, evaluate and execute learning
technology in different contexts, make accurate comparison between approaches,
positively reform curriculum, and make informed recommendations for educational
policy. Researchers argue that there is widespread utility in adopting a compre-
hensive, rigorous, and multi-faceted method to evaluate technology use in educa-
tion (Pickering et al., 2019; Reeves & Lin, 2020). However, the large number of
interdependent variables involved in the evaluation of technology use in education
(observed by Phillips et al., 2012), the complexity of evaluation (Muller & Wulf,
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2020), and perennial issues surrounding content and construct validity (Kirkwood
& Price, 2015) raise the question of whether it is in fact possible, within one instru-
ment or approach, to comprehensively evaluate the use of technology in education.
Accordingly and specifically, the research question of this study is: “To what extent
is it feasible to comprehensively evaluate the use of technology in education by using
a single survey instrument?” While there have been many course evaluation instru-
ments that may incorporate technological aspects (e.g. Nicol et al., 2018; Nikolo-
poulou et al., 2020), this instrument specifically evaluates the efficacy of technology
use within courses for the purposes of comparison and insights into technology-
enhanced learning design.

The structure of this paper is as follows. First a background review is provided,
that outlines existing instruments for evaluating technology use in education, as well
as an overview of previous empirical work that we have conducted to determine the
dimensions and items of import when evaluating the use of technology in educa-
tion. An overview of previous work regarding MOOC evaluations is also provided,
as background to the evaluation context that is used in this study. The methodology
section explains the Confirmatory Factor Analysis (CFA) and the thematic analysis
processes that were undertaken. The results of the CFA are then provided, along
with the qualitative analysis of participant perceptions of the use of technology and
the evaluation instrument. Critical reflections regarding the evaluation of technology
in education follow in the final sections of the paper.

2 Background
2.1 Previous instruments for evaluating technology use in education

To evaluate the use of technology in educational contexts, scholars have used a wide
variety of instruments to measure a range of different aspects within the learning
environments being studied. Of course, learning is often evaluated in terms of the
extent to which specific disciplinary outcomes are met, for instance as part of multi-
media learning studies (e.g., Almasseri & AlHojailan, 2019; Kiihl & Zander, 2017,
Shamim, 2018). Additionally in terms of learning, researchers often examine the
degree of cognitive load that is imposed in technology-mediated learning environ-
ments through instruments derived from the Paas (1992) Mental Effort Scale (e.g.,
Craig & Schroeder, 2017; Larmuseau et al., 2020; Wang & Antonenko, 2017). As
another example of evaluating knowledge gains, scholars have used variations of
the Technological Pedagogical Content Knowledge (TPACK) framework (Mishra &
Koehler, 2006) to investigate teacher’s understanding relating to teaching with tech-
nology (Koh, 2020; Ozudogru & Ozudogru, 2019; Tondeur et al., 2020).

In addition to learning outcomes, the scholarly community has evaluated dif-
ferent dimensions of the application of technology in education in various ways.
Regarding evaluating technologies themselves, the Technology Acceptance Model
(Davis, 1989) has been applied in various instruments to investigate, for example,
the perceived usefulness of MOOC (Alraimi et al., 2015), the perceived useful-
ness of eBooks (Jou et al., 2016) as well as the perceived ease of use and perceived
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usefulness on mobile library applications (Rafique et al., 2020). To examine the
affective aspects of using educational technology, measurement items for instance
the Motivated Strategies for Learning Questionnaire (Pintrich, Smith, Garcia, &
McKeachie, 1991) were adapted by researchers to evaluate the values of use of click-
ers in classroom (Buil et al., 2016), as well as motivation of learners in three com-
puter programming MOOCs (Alonso-Mencia et al., 2021). To evaluate the sense of
presence encountered by respondents in various technology-enhanced learning situ-
ations, scholars have adopted the Community of Inquiry Framework developed by
Garrison et al. (2000) to study blended synchronous learning environments (Szeto,
2015) and online feedback practices (Yang, 2016). Furthermore, to evaluate learn-
ing behaviors in technology-assisted learning, academics have used or modified the
Online Self-Regulated Learning Questionnaire (OSLQ) (Barnard et al., 2009) to
investigate the self-regulated behavior via mobile notifications and learning analyt-
ics (Tabuenca et al., 2015), and also the self-regulated learning in MOOC:s in Russia
(Martinez-Lopez et al., 2017).

However, each of the instruments and cases outlined in the examples above
focuses on a narrow subset of dimensions to evaluate the use of technology in edu-
cation, for instance, cognitive load, or learning outcomes, or motivation, or technol-
ogy acceptance, or teacher knowledge, or presence, or self-regulatory behavior. Yet
it is often important in educational evaluation and research to form a holistic view
of how technology use impacts upon learning, rather than with relation to only one
or a few dimensions of import. To the best of our knowledge there are no instru-
ments that are used by researchers to examine the use of technology in education
across a broad range of dimensions. Given the scope of the educational technology
field, and its increasing importance in learning globally, there is a pressing need to
develop a survey instrument to comprehensive evaluate educational technology use
in education.

2.2 Previous work regarding the evaluation of technology in education

In order to develop a robust and comprehensive instrument to evaluate the use of
technology in the educational context, we first conducted a systematic literature
review of how technology use in education has been evaluated, based on 365 papers
published between 2015 and 2017 in Computers & Education (Lai & Bower, 2019).
The analysis revealed that the evaluation of learning technology use tends to focus
on eight themes: learning outcomes, affective elements, behaviors, design, technol-
ogy elements, pedagogy, presence/community, and institutional environment. In
addition, the analysis identified sub-dimensions of each dimension, which in turn
formed the initial basis of items for each dimension in the survey instrument.

For instance, the systematic review found that learning outcomes includes the
evaluation of performance, knowledge, achievement, or skills development like com-
munication skills, interpersonal skills or motor skills (see studies for instance by El-
Maghraby, 2021; Komalawardhana et al., 2021). Affective elements refers to learn-
ers’ perceptions, intentions, preferences, attitudes, values or beliefs (for example, see
Hew et al., 2020; Sun et al., 2021). Behavior consists of interaction, participation,
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collaboration, and cooperation between or among learners (for instance, Bergdahl
et al., 2020) whereas design comprises course quality, course content, course struc-
ture, resources or overall design (see Jahnke & Liebscher, 2020). Technology is
usually measured by its perceived usefulness, perceived ease of use, functionality,
or accessibility (for example Tang et al., 2020). Teaching/pedagogy includes peda-
gogical practice, teaching strategies or teaching quality (see, for example, Undheim
& Jernes, 2020). Presence/community consists of social presence, co-presence or
community as well as the presence in the environment (see Park & Song, 2020).
Institutional environment considers the institutional capacity, institutional interven-
tion, policy and support in facilitating the use of technology in teaching and learning
(Huang et al., 2020).

Taken together, these dimensions are represented in several prevelant theoreti-
cal frameworks from within the technology-enhanced learning field, many of which
have already been mentioned, including Cognitive Constructivism (Piaget, 1970),
the Technology Acceptance Model (Davis, 1989), the Technological Pedagogical
Content Knowledge (TPACK) framework (Mishra & Koehler, 2006), and the Com-
munity of Inquiry Framework (Garrison et al., 2000). The alignment between the
eight dimensions and prevailing theory in the educational technology field has been
extensively discussed in a separate paper ([Lai and Bower, paper currently prepared
for submission]). While the eight dimensions were able to entirely encapsulate
dimensions represented in prevailing theoretical frameworks, interestingly, none of
the prevailing theoretical frameworks in the educational technology field contain all
eight dimensions.

To further investigate and validate which dimensions and items were most
important to consider when evaluating the use of technology in education, a field
specialist validation was conducted (Lai et al., 2022). A total of 48 specialists
in the educational technology research field were surveyed to determine their
perceptions of the relevance of different constructs relating to the evaluation of
technology use. There was an alignment between the constructs that field spe-
cialists felt were important and the eight dimensions in the systematic literature
review, with 98% of field specialists agreeing that at least one item in each of the
eight dimensions was relevant or highly relevant to the evaluation of technology
in education.

The expert validation process, which also inquired as to the wording and clarity
of the items included in the instrument, provided face and content validation for the
survey instrument. Face and content validity are quality criteria when developing
new measurement items in the educational technology field (Lin et al., 2016), and
our sample of 48 field specialists used to undertake the face and content validation
constituted one of the most rigorous instrument validation processes undertaken in
the educational technology field (Lai et al., 2022).

However, face and content validity in and of itself is not suffice to establish the
veracity of the survey instrument, because the items that had been composed to con-
stitute each of the eight dimensions of evaluation of educational technology use may
not in practice sufficiently represent those dimensions as factors. As such, a large-
scale confirmatory factor analysis was conducted to establish whether or not the
items designated to constitute the a priori factors did indeed sufficiently represent
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those factors. The context chosen to test and refine the instrument items was a Cour-
sera Open Online Course.

2.3 Massive Open Online Courses (MOOCs)

Massive Open Online Courses (MOOCs) have become popular due to their ability
to provide high quality learning from almost anywhere, anytime (Al-Adwan, 2020).
These courses have gained wide acceptance as a significant contribution to improv-
ing educational system quality and openness, with substantial growth of MOOC
offerings during the COVID-19 pandemic (Impey, 2020). Scholars have investigated
the success factors, best practices, and effectiveness of MOOCs (e.g., Albelbisi,
2020; Moreno-Marcos et al., 2018; Wu & Chen, 2017). For instance, assessment,
pedagogy, technology, content, motivation, learner support and interactivity have
been identified as factors that influence the effectiveness of MOOCs (Gamage et al.,
2015). Loizzo et al. (2017) argue that a successful MOOC enables participants to
gain knowledge and understand course materials, and success is linked to learners’
motivation and enjoyment of the MOOC and how applicable the knowledge gained
is to everyday life. Reparaz et al. (2020) have argued that behavioral, cognitive and
motivational factors affect the MOOC’s retention rate. Even though previous stud-
ies have investigated the effectiveness of MOOCsS, the reliability and validity of
results can be called into question, as there is a lack of a suitable tool to evaluate
MOOCs themselves (Garreta-Domingo et al., 2018; Zhou, 2016).

A MOOC hosted on the Coursera learning platform was deemed a suitable con-
text to test the validity of the items according to the a priori factor structure because,
a) it constituted a public course that is openly accessible for inspection by people
across the world (open research context), b) the survey could be completed by an
international cohort of participants which in turn helps to establish the generaliz-
ability of the instrument (not subject to particular cultural or regional biases), c)
MOOCs represent an area where suitable evaluation mechanisms are sought (as
identified above), and d) the large sample of respondents that could be sourced (to
increase reliability of the analysis). Note that while a MOOC was used as the con-
text within which to conduct the confirmatory factor analysis, the proposed instru-
ment was not in any way designed to specifically cater to MOOC evaluation. The
intention of the instrument is to support evaluation of technology use in education
for a wide variety of technologies and educational contexts. The opportunity to
harvest qualitative feedback from participants about the MOOC and instrument is
also seized, in line with recent momentum towards more mixed methods research
(Hwang & Fu, 2019).

3 Methods

As previously outlined, this study uses confirmatory factor analysis (CFA) to inves-
tigate whether a single instrument containing the eight evaluation dimensions identi-
fied in our previous review can reliably evaluate technology use in education. CFA
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evaluates a priori hypotheses and is largely driven by theory and is thus mainly used
to verify the factor structure of a set of observed variables (Denovan et al., 2019).
CFA analyses require the researcher to hypothesize in advance a number of factors,
which was the case in this study where prior analysis had revealed eight catego-
ries of evaluation that occur in educational technology research. The CFA process is
to test whether the hypothesized items/measures load onto the hypothesized factors
(Tarhini et al., 2016).

Another possibility was to run an exploratory factor analysis (EFA), which is
generally used when there is no pre-defined structure to the questions (Goretzko
et al., 2019). This was not the case for this study, where the questions were arranged
according to the eight themes identified through the literature review (learning,
behavior, affective, etc.) as well as the corresponding sub-themes.

For thoroughness, an initial EFA was run to examine the data. Several different
extractions, rotations and iteration boundaries were trialed. However, only three
factors were obtained in total. Firstly, a small factor emerged containing six nega-
tively worded items (e.g.“The way the Coursera platform was used in this course
did not enhance the design of the assessment tasks”). Another factor contained five
questions including items relating to interaction aspects (e.g. “The way the Cour-
sera platform was used in this course increased the amount I could interact with
others”). The remaining 23 items clumped together into one large factor containing
items relating to the course in general, and the items to a certain extent measured
the overall course impact of the students (for instance, “The way the Coursera plat-
form was used in this course helped me to perform better in this subject”). Accord-
ingly, the research team proceeded with the CFA analysis, to determine whether the
apriori factor structure incorporating a comprehensive array of dimensions derived
from the literature could be validated. Numerous previous studies have conducted
validation of questionnaires items using CFA alone, based on the literature as well
as theoretical grounds (e.g. Burns et al., 2021; Rodriguez-Mantilla et al., 2019). The
low of discriminatory power observed in the EFA is further discussed in the limita-
tions section.

3.1 Instruments

As explained in the Previous Work section (Sect. 2.2), the survey items were based
directly on the eight dimensions and sub-elements that emerged from the previous
systematic literature review published in Computers & Education (Lai & Bower,
2019). The exact wording of the questions is provided as part of the Results section.

Participants were asked to rate their levels of agreement with 38 items designed
to measure the eight dimensions including learning outcomes, affective elements,
behavior, design, technology, teaching/pedagogy, presence/community, and institu-
tional environment on a 7-point Likert scale (0=strongly disagree to 6 =strongly
agree). The questionnaire combined both positively and negatively worded items
to reduce the acquiescence bias that occurs when people agree with the statements
without considering the actual contents (Podsakoff et al., 2003). All 38 items were
arranged in random order to reduce the probability of bias based on contextual and
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compliant answering (Hills & Argyle, 2002). The term “Coursera platform” was
used throughout all 38 items in the instrument to specify the technology being used
and evaluated (for instance, “The way the Coursera platform was used in this course
helped me to learn more about the subject (LO1)”; “The way the Coursera platform
was used in this course increased my participation (B1)”.

Following the 38 Likert scale items, two open questions prompted partici-
pants to make any comments to clarify their responses above or express any other
thoughts about using Coursera in learning Excel skills. Also, the participants were
asked to suggest any improvements to the instrument questions.

The questionnaire also requested demographic data that were used to profile par-
ticipants, including their gender, age, years of experience in using technology in the
educational context, the hours per week spent on learning Excel skills with Cour-
sera, the devices used to access the Excel course, and the number of different Cour-
sera courses (on any subject) that they had done before this Excel course. Figure 1
shows the eight-factor model used to run the CFA.

3.2 Data collection and participants

Following university ethical approval to conduct the study, participants were
recruited from a MOOC hosted on Coursera. The MOOC, Excel Skills for Business:
Essentials MOOC was originally created by an Australian University. The MOOC
was not part of the University’s regular coursework, and rather was offered to partic-
ipants from across the world as an open learning course. As explained in Sect. 2.3,
the Coursera MOOC offered the advantages of providing an application of technol-
ogy for evaluation, a publicly available research context, an international cohort and
a large sample of respondents. There were over 200,000 enrolments in the Cour-
sera MOOC at the time the study was conducted which was between February and
July 2020. At the time, around 45,000 learners had completed the course. Among
all learners, over 40% were aged between 25-34, 60% of them were male, and the
learners were from different continents, especially Asia (e.g. India, Bangladesh,
Philippines) and North America (e.g. USA, Canada, Mexico). Since the students
were from a wide variety of regions with diverse demographic characteristics, they
were to a certain extent representative of a large and diverse population, potentially
enabling the results to be more generalizable to other settings.

The Qualtrics survey tool was used to collect all data, with the survey link distrib-
uted by placing it in both the Week 3 and Week 6 sections of the six-week MOOC
for a total of 26 weeks. Open courses on Coursera do not have fixed offerings or
semesters, and they are available at any time. Although data collection started at the
beginning of the COVID-19 pandemic, there is no indication that COVID substan-
tially impacted on either the responses of participants or the validity of the CFA. The
course resources were already offered before the pandemic and were not changed to
cater for the COVID-19 situation. While it was noted that enrollments were approxi-
mately double during the survey period, the rate of course completion was similar to
the period before the pandemic and after survey collection.
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Fig. 1 Hypothesized eight-factor structure model
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In order to encourage honest responses, participants made contributions anony-
mously, and as an incentive to participate, the participants could follow a link to win
an iPad or one of ten US$50 shopping vouchers. In total, 1,357 completed surveys
were returned, of which 5 surveys were excluded because one of them did not indi-
cate how many weeks he/she had spent completing the Excel Skills for Business:
Essentials course, and the other four stated that they did not complete any week
of the course. As a result, 1,352 responses were included in the study, a response
rate of around 3%. A similar response rate was reported from other studies survey-
ing MOOC learners from all over the world (Jung et al., 2019). Researchers rec-
ommend that a sample size greater than 200 is desirable to run CFA (DiStefano &
Hess, 2005).

Among the participants, the majority were male (n=857, 63.4%) with an aver-
age age of 26 years old. The demographics of the respondents were similar to the
MOOC course in general, with slightly more male learners (63.4% as opposed to
60%) and the average age falling within the modal age range for the population of
25-34 years old. That is to say, the respondents to the survey appeared to broadly
reflect the MOOC population being sampled. Also, this study was principally
designed to provide a confirmatory validation of the instrument rather than evaluate
the impact of the Coursera course, so any minor deviations between the respondent
sample and course population were deemed acceptable.

The participants on average had 5.6 years of experience in using technology in
educational contexts, and spent an average of 7.2 h per week learning Excel skills
with Coursera. They had completed an average of 1.6 different Coursera courses (on
any subject) before this Excel course, and most of them (68.1%) used a desktop/lap-
top computer to access the Excel MOOC course.

3.3 Confirmatory factor analysis

Quantitative data from the Qualtrics questionnaire were analyzed using Statisti-
cal Package for the Social Sciences (SPSS), Version 27 and IBM SPSS AMOS 25.
Before testing the model, the reliability coefficient for the instrument was calculated
via Cronbach’s Alpha. Cronbach’s Alpha is a generally agreed statistical measure-
ment used for determining the internal reliability of the instrument (Taber, 2018).

The Comprehensive Evaluation of Use of Technology in Education instrument
was tested by using an eight-factor structure model, with an initial corpus of 38
items. Model 1 consisted of all 38 items in the item pool. Byrne (2010) argues that
when an initial model does not fit, researchers should improve the model based on
modification indices and theoretical considerations. It is suggested that modifica-
tion should cease if acceptable fit parameters are met. The deletion of the items was
based on two criteria:

1) standardized factor loadings (Standardized regression weights) should be at least

0.5 and ideally 0.7 or higher (Hair et al., 2019);
2) the standardized residual covariances that are above 2.58 (Byrne, 2010).
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The process of item reduction involved deleting items with the lowest factor
loading first in accordance with Afthanorhan et al. (2014). In general, the process
involved deleting one item at a time and then re-estimating the model.

Understanding critical practices in running CFA are essential for research-
ers interested in construct validation (Rodriguez-Santero et al., 2020), and in this
study several recommended principles for conducting CFA were used. The con-
structs in this instrument were based upon the previous literature and the sample
size (1,352) was at least adequate based on the number of items (DiStefano & Hess,
2005). During the item deletion process, the recommended threshold of the number
of items per variable-ratio is suggested to be 3:1 (DiStefano & Hess, 2005), which
was upheld in the current study. Further, a minimum of three items per scale is usu-
ally recommended, as this number will reliably yield convergent solutions in CFA
(Marsh et al., 1998).

Maximum Likelihood was used to maximize the probability of a good model fit
and has limited bias with large samples (Freedman, 2009). As numerous fit statistics
consider different aspects of fit, it has been recommended that researchers should
report multiple fit statistics in structural equation model (SEM) studies (Maydeu-
Olivares et al., 2017). When evaluating the model fit, the overall chi-square statistic
has often been used. Although this statistic has the advantage of having a known
distribution, chi-square is heavily influenced by sample size, data nonnormality, and
model complexity (Byrne, 2010). Therefore, several fit indices have been developed
to remedy these problems. In this study, four indices were used to assess the degree
to which the data fit the model: the ratio of chi-square to degree of freedom (x 2/df),
the root mean square error of approximation (RMSEA), and the model compari-
son indices, namely the comparative fit index (CFI), Normed Fit Index (NFI), TLI
(Tucker—Lewis index), and goodness of fit index (GFI). These indices are the most
commonly used in complex models (e.g., DiStefano & Hess, 2005; Sternberg et al.,
2001; Tarhini et al., 2016). Regarding the indices, Hu and Bentler (1999) suggest
that a cut-off value close to 0.06 for RMSEA is acceptable. The other model com-
parison indices are reported between 0 and 1, with acceptable values being over 0.9
(Delcea et al., 2019; Peterson et al., 2006).

3.4 Qualitative data analysis

The qualitative data for this research were analyzed using NVivo, Version 12. Open-
ended survey responses are widely used to explore and understand participants’
experiences and perspectives in a variety of ways, including for evaluative purposes
(Vitouladiti, 2014). In this study, a thematic analysis of the open-ended responses
to understand the perceptions of the participants of the Excel MOOC according to
the eight dimensions of the model that had been previously established (learning,
affective, behavioral, technology, design, pedagogy, presence/community, and insti-
tutional environment).

Following the procedures by Johnson and Christensen (2019), the initial codes
were assigned according to the constructs of the eight-factor model, then we con-
ducted a secondary coding phase to refine and consolidate different dimensions,
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and identify sub-themes. Thematic techniques were similarly used to analyse par-
ticipant perceptions of the survey instrument itself. Quotes are used to provide pri-
mary evidence of participant perceptions and the themes raised by them. For exam-
ple, qualitative data about learning outcomes covered aspects like the practicality
of the knowledge (The course gives me a grip on Excel reports and metrics). In
addition, respondents offered favourable comments on design aspects, relating to the
user-friendly interface (It was an excellent platform). Furthermore, positive affec-
tive aspects of the course were frequently mentioned (It made home-based learning
more fun and interesting instead of being a chore). Further examples are provided
in the Results section below. The outcomes of the thematic analysis were used to
explain quantitative results through concurrent triangulation (Creswell, 2015), and
additionally enabled the research team to garner insights into the perceived efficacy
of the instrument items.

The Results section first reports the findings of the CFA. The CFA outcomes are
then followed by descriptive statistics for each construct in the model, to illustrate
how the instrument enables comparative evaluation across a range of dimensions.
Then qualitative data is used to explain the underlying reasons for participant evalu-
ations along the eight dimensions, showcasing how the qualitative components
of the survey provide explanatory power to compliment the quantitative findings.
Finally, an analysis of participants’ perceptions about the overall instrument design
is provided, to inform further research and development.

4 Results

The fit indices for all models used in the CFA process are shown in Table 1. Upon
inspection of the 38-item 8-factor model (Model 1), the fit indices did not reach sug-
gested thresholds (Hu & Bentler, 1999) (x2/df=11.860, NFI=0.791, TLI=0.785,
CFI=0.805, GFI=0.661, RMSEA =0.090). Item IE4 (“The institution (Coursera
Inc) did not provide the necessary infrastructure to facilitate the use of the Coursera
platform in this course”) was deleted from Model 1. Model 2, a 37-item model was
rerun with slightly improved model fit (x2/df=10.551, NFI=0.819, TLI=0.815,
CFI1=0.833, GFI=0.712, RMSEA =0.084). Since the figures did not meet the cri-
teria for a reasonable model fit, another item—TP4 (“The way the Coursera plat-
form was used in this course did not enhance my impression of the teacher”) was
removed. The model was rerun with 36 items (Model 3) with the following model
fit indices (x2/df=9.636, NFI=0.840, TLI=0.838, CFI=0.854, GFI=0.749,
RMSEA =0.080). More items were deleted according to the standardized factor
loadings of the items in sequence B4 (“The way the Coursera platform was used in
this course reduced my ability to regulate my learning”), PC4 (“The way the Cour-
sera platform was used in this course did not help me to feel part of a learning
community”), D4 (“The way the Coursera platform was used in this course did not
enhance the design of the assessment tasks”), T5 (“I had difficulties accessing the
Coursera platform in this course”), AE2 (“The way the Coursera platform was used
in this course made me feel more anxious about this subject’), LO3 (“The way the
Coursera platform was used in this course increased the mental effort required to

@ Springer



9890 Education and Information Technologies (2022) 27:9877-9911

learn”), B2 (“The way the Coursera platform was used in this course increased the
amount I could interact with others”) and PC5 (“The way the Coursera platform was
used in this course enabled me to immerse myself in the learning environment”). The
last column in Table 1 also indicates the standardized factor loadings of the deleted
items, and the factor loadings of the deleted items ranged from 0.101 to 0.558. After
deleting 10 items, model fit was achieved (Model 11 — 28 items), as x2/df=3.672,
NFI=0.959, TLI=0.964, CFI=0.970, GFI=0.940, RMSEA =0.044).

The research team also checked that there were reasonable theoretical grounds for
deleting each of the items. On inspection, it was apparent that some deleted items
did not have sufficient content validity with respect to the dimension they were
measuring (for instance, in D4 assessment measuring design, or TP4 the impres-
sion of the teacher measuring teaching). In other cases, the deleted items potentially
over-attributed the impact of technology use (for instance in B4 that the technology
impacts on self-regulation, or AE2 that the technology was causing anxiety). Across
all deleted items, there were sufficient theoretical grounds (either content validity or
over-attribution) for deletion.

The theoretical underpinning of all factors was supported, with the deletion of ten
items to bring fit indices to acceptable levels. In addition, we recognize how impor-
tant it is to balance the fit indices values and that the integrity of the model is not
adversely affected by the modifications. The results achieved indicate that it was in
fact possible to create a comprehensive instrument to evaluate the use of technology
in this educational context. The conceptual model is outlined in Fig. 2 below.

In addition to model fit indices, factor loadings were examined. Table 2 shows
the standardized loadings of all items in the model. Typically, standardized load-
ing factor coefficient of 0.70 can immediately be regarded as valid (Gatignon, 2010)
with studies sometimes accepting the standardized loading factor coefficient over
0.5 (Widodo et al., 2020). In this study the factor loadings for all items were in the
range 0.66 to 0.84, which was regarded as acceptable.

4.1 Specific findings from the evaluation
4.1.1 Descriptive statistics

The final model was able to broadly reflect the participants’ evaluation of educa-
tional technology use within this (Excel MOOC) context. Participant ratings are
shown in Table 3 below.

The descriptive statistics showed that the mean scores of all items ranged from
3.80 to 5.40, above the mid-point of 3 (see Table 3). These results showed that the
majority of the participants expressed generally positive answers to the variables
used in the research model. The standard deviations ranged from 1.00 to 1.76. In this
study, all eight constructs had alpha values above 0.7. Hence the results indicated
good internal consistency of items in the measurement scale (Hair et al., 2019).

Figure 3 shows a graphical (box plot) representation of participant feedback
according to the eight constructs, which enables broad and clear evaluation of the
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Table2 Item-factor standardized regression weights in the Comprehensive Evaluation of Use of Tech-
nology in Education (CEUTIE) model

Regression Estimate

The way the Coursera platform was used in this course 4= ] earning Outcomes 0.84
helped me to learn more about the subject (LO1)

The way the Coursera platform was used in this course 4= ] earning Outcomes 0.84
helped me to perform better in this subject (L

The way the Coursera platform was used in this course 4= ] earning Outcomes 0.82
helped me to perform better in this subject (LO2)

The way the Coursera platform was used in this course 4= ] earning Outcomes 0.83
has improved my level of knowledge in the subject area
(LOS)

The way the Coursera platform was used in this course @ Affective Elements 0.79
enhanced my attitudes towards the subject (AE1)

The way the Coursera platform was used in this course @ Affective Elements 0.78
helped to improve my confidence in this subject (AE3)

The way the Coursera platform was used in this course @ Affective Elements 0.75
enhanced my motivation to learn (AE4)

The way the Coursera platform was used in this course @ Affective Elements 0.78
made learning more enjoyable (AES)

The way the Coursera platform was used in this course 4= Behavior 0.71
increased my participation (B1)

The way the Coursera platform was used in this course 4= Behavior 0.77
increased my ability to reflect upon my learning (B3)

The way the Coursera platform was used in this course 4= Behavior 0.79
enhanced my overall engagement (B5)

The way the Coursera platform was used in this course 4= Design 0.8
enhanced the overall design of the subject (D1)

The way the Coursera platform was used in this course 4= Design 0.83
enhanced the subject content (D2)

The way the Coursera platform was used enhanced the 4= Design 0.79
course structure (D3)

The Coursera platform used in this course was of high 4= Technology 0.8
quality (T1)

The functionality of the Coursera platform used in this 4= Technology 0.82
course helped me to learn the subject (T2)

The Coursera platform used for learning in this course was 4= Technology 0.76
easy to use (T3)

The Coursera platform used for learning in this course was 4= Technology 0.79
reliable (T4)

The Coursera platform was useful to support learning in 4= Technology 0.77
this course (T6)

The way the Coursera platform was used in this course @ Teaching/Pedagogy 0.77
increased my overall perceptions of the teaching quality
(TP1)

The way the Coursera platform was used in this course «=  Teaching/Pedagogy 0.76

enhanced teaching (TP2)

The way the Coursera platform was used in this course «=  Teaching/Pedagogy 0.68
enhanced feedback processes (TP3)
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Table 2 (continued)

Regression Estimate

The way the Coursera platform was used in this course 4= Presence/Community 0.75
enhanced my sense of connection with the teacher (PC1)

The way the Coursera platform was used in this course 4= Presence/Community 0.81
enhanced my sense of being present in the class (PC2)

The way the Coursera platform was used in this course 4= Presence/Community 0.71
enhanced my sense of connection with other students
(PC3)

There was good technical support for the use of the Cour- 4= Institutional Environment  0.67
sera platform in this course (IE1)

The institutional support provided by Coursera Inc for the 4=  Institutional Environment 0.76
use of the Coursera platform positively contributed to
my learning experience (IE2)

The institution (Coursera Inc) embraces the use of the - Institutional Environment  0.66
Coursera platform in education (IE3)

technology using across a wide range of dimensions. The mean evaluation of the
learning outcomes (M =5.34) was the highest of any factor, while the lowest-rated
factor was presence/community. There was the most variation in presence/commu-
nity, whereas technology had the least variation. Thus, the instrument provides an
immediate way to compare and contrast student perceptions of the technology use
across a broad range of relevant constructs.

In addition, a multi-group analysis of the CFA model was performed across two
groups (gender in this case) in order to check the variance of the scales (Yu et al.,
2019). The resulting p-value of the comparison model was 0.203, indicating that
there was no significant difference between the two CFA models. Hence, both the
genders had similar response profiles.

4.1.2 Critical reflections from the participants

Participant qualitative feedback about the Coursera MOOC Table 4 in Appen-
dix provides illustrative participant responses to an open-ended question
“Would you like to make any comments to clarify your responses above or
express any other thoughts about using Coursera in learning Excel skills?”,
with the responses able to be categorized into the eight dimensions of the
model. The most frequently referenced dimension was affective elements
(n=448), followed by design (n=363), learning outcomes (n=325), technol-
ogy (n=238), teaching/pedagogy (n=163), behavior (84), institutional envi-
ronment (n =45), and presence/community (n=21).

The qualitative analysis of open-ended responses provided insights
into the reasons underpinning the categorization of each of the eight
dimensions, which constitutes a crucial aspect of the Comprehensive
Evaluation of Technology in Education instrument. For instance, learn-
ing outcomes was rated the highest (average rating of 5.34/6) among all
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Participant factor ratings of the Coursera Excel factor scores
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Fig.3 Participant factor ratings of the Coursera Excel factor scores for the Comprehensive Evaluation of
the Use of Technology in Education model

the eight dimensions, often because participants found the course con-
tents were practical (I applied this knowledge in a practical way. This
course taught me the importance of Excel in professional life), and
helped them to improve Excel skills/’knowledge (Coursera topics on
Learning Excel skills improves my knowledge in performing and creating
graphs and shortcuts). Participants also evaluated technology aspects
favourably (5.31/6), often because of the usability of the platform (The
platform provided very clear instructions therefore was easy to use).
The positive evaluation of affective aspects of the MOOC (5.25/6) was
largely due to participant perceptions of how the MOOC increased their
motivation and confidence (The structure and the methods that Coursera
used are very easy and make me feel motivated; I am a Supervisor in a
company, now I can easily make rosters, doing stocktake and I am con-
fident in using excel). Design had an average rating of 5.11/6 because
participants liked how well the course was structured (I liked the format
of the course, how it was divided into weeks and how each week had the
same structure). Participants often evaluated behavior impact positively
(5.07/6) because the course enabled them to self-regulate their learn-
ing (Learning Excel skills through Coursera enabled me to complete the
tasks at my own pace while keeping me on track by using the deadlines
as a guide). Institutional environment, support and policy were also
mentioned by the participants but some participants were not satisfied
with the institutional support (4.99/6) (I do not have any email contact
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or something like that if I need help). Teaching/Pedagogy was one of the
most discussed aspects, but some participants would like the teaching
staff to provide more illustrations when teaching (4.92/6) (If you can be
more explicit when teaching and bring in more examples or illustrations
it will be very better). The last dimension, namely presence/community
was rated the lowest (4.30/6) as some participants did not have any sense
of being part of the community (I don’t find there to be any sense of
"community"—the usage of the community platform to ask questions is
not very active as you can get responses after a month when the course
period is already over).

Unsurprisingly, there was considerable variance in comments relating to each
dimension, and the examples above are used to illustrate the kinds of insights that
can be acquired from these open-ended responses.

The qualitative component of the evaluation instrument provide critical
explanatory power regarding the quantitative findings, which is in accordance
with the general push towards mixed methods research in the educational tech-
nology field (Blayone et al., 2018). Additionally, all substantive comments in
response to the open-ended questions could be categorized according to the
eight evaluation dimensions, further demonstrating the efficacy of the eight
factor model.

Participant feedback about the survey Participants’ responses to Ques-
tion “Are there any ways that this survey could be improved” received 1293
responses, with 445 being positive codes, whereas 414 were classified as neg-
ative aspects. The remaining codes were NA/None (see Table 5 in Appen-
dix for illustrative quotes). Participants were overall satisfied with the sur-
vey (n=237), and many indicated that no improvement was needed (n=144)
(No improvements needed; It was really good and no need for improvements).
Specifically, they believed it was a comprehensive survey (n=157) which cov-
ered all relevant aspects (The survey was already able to cover all the neces-
sary aspects; The survey was comprehensive). The survey was also regarded
as well-structured and well-designed (n =21 codes) (The survey is very well
designed, no issues found; It was well structured). Survey questions were easy
to understand and direct (n=16) (The survey is short and easy to understand;
The questions are asked directly). To have received more positive responses
than negative responses to a question asked for ways to improve the survey
was unexpected.

Although participants comments about the survey were mostly positive, there
were five main suggestions about the questionnaire items. Firstly, participants
would like to see improvements in question wording (n=118) (I think the mix-
ture of negative—positive statements is strategically placed but not all are pro-
ficient in English, so, it might be confusing or mixed up by others; Some ques-
tions seem to be quite similar). Also questions could focus more on the in-depth
understanding of different aspects, for instance, “Probably discuss more Cour-
sera specific features”, “how the participants are using the knowledge of this
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course”, “the survey could incorporate more questions about the interaction
(type, quality, frequency) between people”. The layout of the questionnaire could
be improved with better visual presentation (n=49) (It will be improved by add-
ing some graphical and image structure. It will look attractive; The up-down
arrows are somehow irritating. Can use toggle button instead; This is good
maybe color change here and there). There were 43 relating to the reduction
in the number of questions in the questionnaire (I think the questions are too
many and some of them look similar, so they can be omitted to reduce the survey
time). Furthermore, there were discrepancies regarding the grading scales of the
items. Two of them recommended using the scale from 0—10 whereas the others
preferred 3 to 4 rating scales (n =42). Ways in which these comments have been
considered and addressed in the final instrument are discussed in the next sec-
tion, Discussion and Conclusion.

5 Discussion and Conclusion

Evaluation of technology use in education typically focuses on a small num-
ber of dimensions at the expense of others. As far as we know, there is no
single tool for the comprehensive evaluation of technology use in education
across all eight dimensions that were observed as part of an earlier system-
atic literature review (learning, affective, behavioral, technology, design,
pedagogy, presence/community, and institutional environment). Yet, any
evaluation of technology use in education that omits one or more of these
dimensions is at risk of missing important insights regarding the impact of
the technologies applied. This study derived and validated 28 item Com-
prehensive Evaluation of the Use of Technology in Education (CEUTIE)
instrument that can be used to comprehensively and reliably evaluate all
eight dimensions of technology use in learning and teaching. The eight-fac-
tor model was validated by CFA results, with x2/df =3.932, NFI=0.959,
TLI=0.964, CFI1=0.970, GFI1=0.940, RMSEA =0.044).

For the Coursera Excel for Business: Essentials MOOC that was used as the
context for the CFA, descriptive statistics showed that the mean scores of all items
were above the mid-point 3, ranging from 3.80 to 5.40. These results indicated
that the majority of the participants gave generally positive answers to the vari-
ables used in the research model. In addition, all eight constructs had alpha values
above 0.7, thus the results indicated good internal consistency of the items in the
measurement scale. Visual comparison of response distributions for the eight items
enables the relative strengths and weaknesses of the educational technology use to
be determined at a glance.

Survey instruments are often designed to contain purely quantitative
(Likert) scales, however, we advocate strongly for the use of the qualitative
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questions in the instrument, to increase the explanatory power of the instru-
ment with respect to the evaluation of technology use (in line with Leavy,
2017). The qualitative component of the survey was able to explain how
increased confidence impacted upon affective perceptions, the structure of
the course increased perceptions of design, the practicality of the outcomes
contributed to perceptions of learning, the interface of the course enhanced
learner satisfaction, the clear instruction strengthened understanding of con-
cepts, the flexibility of the course enabled self-directed learning, and the
course enabled students to immerse in the learning environment. Without
the qualitative components of the survey, and the corresponding analysis that
took place, it would not be possible to understand the reasons for people’s
evaluations of the technology use. This is in broad accordance with arguments
for greater use of mixed methods research from elsewhere in the educational
research field (Creswell, 2015; Han, 2020; Scoles et al., 2014).

For the open-ended questions “Are there any ways that this survey could be
improved”, participants were generally satisfied with the survey and believed
that it was a comprehensive survey considering all relevant domains. The sur-
vey was also considered to be well-structured and well-designed. The survey
questions were generally perceived as being easy to understand and straight-
forward. Participants made five suggestions for the questionnaire items,
including improving the wordings, improving the layout, reducing the number
of questions, etc. Consequently, adjustments have been made to the items in
our final instrument, and at other times considerations for future implementa-
tions are proposed. Regarding the wordings of the questions, in the process
of achieving the best model fit, we removed all negatively-worded items in
our finalized model, so that all items were positively-worded (as per partici-
pant suggestions). Researchers have argued that positively-worded items and
the negatively-worded items may not be measuring the same underlying trait
(Onwuegbuzie & Daniel, 2002), and suggest that using mixed stems (i.e., pos-
itively- and negatively-worded items) may reduce score reliability. Hence we
do not see the shift to only including positively phrased questions as a limita-
tion of the final instrument.

In response to the participants’ thoughts about providing in-depth understand-
ing of different aspects in the survey, open-ended questions asking about each of
the eight dimensions could be included in the questionnaire. This would need to
be considered with respect to the extra time it would take to complete the survey.
In regard to the feedback about the layout of the questionnaire, researchers could
add graphics and images to the online instrument, use toggle buttons through-
out the survey, or only show 10 questions per page. Regarding the length of the
questionnaire, participants would like to make it shorter with fewer questions.
The model reduction process resulted in a 28-item survey as opposed to 38 items,
addressing this concern.
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Furthermore, regarding the number of response options in the questionnaire,
participants suggested a wide range of options, from 0O-point up to 10-point
scale. Nevertheless, researchers claim that the 7-point scale provides more vari-
ety of options than five items, which in turn increase the probability of accu-
rately reflecting respondent perceptions (Joshi et al., 2015). Hence items in the
CEUTIE model are measured on a 7-point Likert scale (0=strongly disagree
to 6 =strongly agree). Whereas for 10-point scale there are criticisms about the
difficulty to clearly state the word labels in the scale, and it would be more time
consuming for respondents to process the answers (Darbyshire & McDonald,
2004).

The qualitative responses of the participants brought up an interesting point
— to what extent does an evaluation instrument need to be context-specific? The
attempt in this study has been to derive a general instrument based on broad
themes evaluated in the educational technology field, to enable somewhat objec-
tive and standardized comparison. However, there may be circumstances under
which technology and context-specific factors are of interest, which may result
in the adaption of the CEUTIE instrument or the use of other instruments. While
we used the wording “Coursera platform” for our particular study context, this
phrase could be replaced by any other learning technology being evaluated in
other studies (see Table 6 in Appendix for the final instrument). This leads to a
potential limitation of this study — we only validated the instrument in a single
context, that of an open online course on Excel for Business: Essentials hosted
on the Coursera platform. As well, we view this short-term limitation of a sin-
gle validation context as potentially forming part of a long-term opportunity
relating to our research. Because the instrument is designed to be comprehen-
sive and generic, future research can include a variety of learning contexts and
environments.

A range of stakeholders including researchers, educators, institutions, policy-
makers, and government organizations can use this instrument to perform com-
prehensive comparative evaluations of different technologies (e.g. virtual reality,
mobile learning, digital books, Google Docs, Scratch, gamification, etc.) used
in different contexts (e.g. demographic, geographic, cultural, pedagogical). This
capacity to accurately and consistently contrast uses of technology in education
across different contexts can in turn support better understanding of technology
use across the field.

When EFA was applied the large majority of items seemed to clump around
one super concept of technology use in education. On the one hand, this indi-
cates a degree of reliability for the instrument overall, in terms of it achiev-
ing a goal of evaluating the construct of technology use in education. On the
other hand, the factor structure of the final model did not statistically emerge
from the EFA analysis. However, there were theoretical grounds for the fac-
tor structure used in the CFA, based on previous empirical analysis of factors
relating to the evaluation of technology use in education, and it is this factor
structure that has been validated using the CFA analysis. That is to say, there
are strong theoretical reasons for using the CEUTIE model, as well as practical
utility in terms of providing insights into different aspects of technology use in
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Table 6 Final 28 item “Comprehensive Evaluation of Use of Technology in Education” (CEUTIE)
instrument

Learning Outcomes (LO)

The way [the technology] was used in this course helped me to learn more about the subject

The way [the technology] was used in this course helped me to perform better in this subject

The way [the technology] was used in this course increased my skills in the subject area

The way [the technology] was used in this course has improved my level of knowledge in the subject area

Affective Elements (AE)

The way [the technology] was used in this course enhanced my attitudes towards the subject

The way [the technology] was used in this course helped to improve my confidence in this subject

The way [the technology] was used in this course enhanced my motivation to learn

The way [the technology] was used in this course made learning more enjoyable

Behavior (B)

The way [the technology] was used in this course increased my participation

The way [the technology] was used in this course increased my ability to reflect upon my learning

The way [the technology] was used in this course enhanced my overall engagement

Design (D)

The way [the technology] was used in this course enhanced the overall design of the subject

The way [the technology] was used in this course enhanced the subject content

The way [the technology] was used enhanced the course structure

Technology (T)

[The technology] used in this course was of high quality

The functionality of [the technology] used in this course helped me to learn the subject

[The technology] used for learning in this course was easy to use

[The technology] used for learning in this course was reliable

[The technology] was useful to support learning in this course

Teaching/Pedagogy (TP)

The way [the technology] was used in this course increased my overall perceptions of the teaching qual-
ity

The way [the technology] was used in this course enhanced teaching

The way [the technology] was used in this course enhanced feedback processes

Presence/Community (PC)

The way [the technology] was used in this course enhanced my sense of connection with the teacher

The way [the technology] was used in this course enhanced my sense of being present in the class

The way [the technology] was used in this course enhanced my sense of connection with other students

Institutional Environment (IE)

There was good technical support for the use of [the technology] in this course

The institutional support provided by Coursera Inc for the use of [the technology] positively contributed
to my learning experience

The institution (Coursera Inc) embraces the use of [the technology] in education

Please add any comments to clarify your responses or add any other thoughts about using [the tech-
nology] in your course.

@ Springer
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education. Future work could further examine the CEUTIE model to determine
its validity using both CFA and EFA analysis in different contexts.

Appendix

Tables 4, 5 and 6
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