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Abstract
This research examines the effect of having a tracking technology in a learning man-
agement system (LMS) that reports the effect of perceiving other students’ interac-
tions on a learner’s intention to keep using LMS in the future. The main underlying 
theory is herd behaviour theory which argues that crowd behaviour affects the per-
ceptions of the observers. In this paper, we proposed and found that tracking tech-
nology will affect a learner’s perceptions of cognitive absorption and that percep-
tion of self-regulation from using an LMS. These perceptions are found to influence 
the learner’s intention to keep using the LMS in the future positively. This research 
developed a new tracking technology in response to weaknesses noted in the litera-
ture and validated by interviewing teachers. Its effects were tested on 151 university 
students taking a computer science module. This research contributes to knowledge 
by integrating herd behaviour theory into the design of LMS and offers a new per-
spective on learners’ interactions with educational technologies.

Keywords Learning management system · Self-regulation · Cognitive absorption · 
Tracking technology · Herd behaviour

1 Introduction

A tracking technology acts as a cybernetic system which collects information on 
specific indicators to regulate the decision-making process (Green & Welsh, 1988). 
This technology collects learners’ interactions and feeds this information into their 
dashboards, to be displayed and compared with similar information collected from 
other learners (Jivet et al., 2017). Despite the benefits of these tracking dashboards, 
evidence shows that the learners do not use them. The reason here seems to be that 
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learners are advised to avoid comparing themselves with others (Neugebauer et al., 
2016) because it may harm some learners’ self-esteem. Harvey and Keyes (2019) 
also reported lower self-esteem among those students who (from information pro-
vided by the dashboard) believed their academic performance to be lower than their 
class average. Moreover, Jivet et al. (2017) showed that peer comparison could shift 
the students’ focus from mastering knowledge and skills to comparing themselves 
against others. Some researchers, e.g., Toohey et al. (2019), have suggested that the 
peer comparison component in learning dashboards needs to be carefully designed 
to minimise its negative impact on students. Thus, instead of focusing on competi-
tion among students, this research will adopt a new perspective to explain and to 
apply the learners’ dashboard, namely, to consider herding theory in technology 
adoption (Peng et al., 2009; Sun & Rueda, 2012; Wang et al., 2019).

This negative consequence of comparing the self with others is a noted disadvan-
tage of using dashboards and may explain why many students do not want to access 
the learners’ dashboards, as reported by Bodily et al. (2018) and Kim et al. (2016). 
Similarly, in the study by Kia et al. (2020), only 52% of the students used learning 
dashboards, of whom 19% had only a single interaction with the dashboard. Reimers 
and Neovesky (2015) also reported that more than half of the surveyed students did 
not want to be compared to their peers on the learning dashboards.

With the above challenges to tracking tools in mind, this research will develop 
a new tracking technology that reports other students’ interactions to learners but 
makes no comparisons. This research aims to re-conceptualise the tracking technol-
ogy from a comparative tool to a herding tool by removing the “self” performance 
from the dashboards and reporting only about others. Thus main theory underlying 
this study is not competition theory but rather herd behaviour theory. That is to say, 
if a learner perceives the crowd to be doing something, this could affect her/his per-
ception of being self-regulated and her/his cognitive absorption, which could in turn 
affect her/his intention to continue using the LMS in the future.

The aim of this article is to develop a framework to examine the impact of embed-
ding herding tool (operationalised in terms of tracking tool to see other students 
interaction behaviours) in the LMS for improving the intention towards the use of it. 
Herding in technology adoption is defined as “the phenomenon that a person follows 
others when adopting a technology, even when his/her private information suggests 
doing something else” (Sun, 2013; p. 1016). This theory has not been applied before 
to the study of what influences learners’ perceptions and intentions in educational 
technology. Thus, the main research question is “What is the effect of seeing other 
learners’ interactions on a learner’s perceptions and intentions regarding an LMS?” 
This research seeks to make two contributions to knowledge; first, to theorise the 
use of tracking technology in learning management systems to unlock the potential 
benefits and guide the design process; and second, to examine for the first time the 
effect of tracking technology on the cognitive absorption of a learner and her/his 
perceived self-regulation from using the LMS.

To fulfil these research objectives, the next section defines and evaluates herd behav-
iour, cognitive absorption, and perceived self-regulation in the LMS field. Then the 
methodology for designing, implementing, examining and evaluating the effects of 
new tracking technology is highlighted. In the last two sections, before discussion, new 
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design and the results of testing this technology on learners’ perceptions and intentions 
are presented.

2  Literature review

2.1  Herd behaviour theory

Herd Behaviour Theory (Banerjee, 1992) is based on the premise that individuals tend 
to follow behaviour which, when exhibited, seems to be legitimised and followed by 
others. People’s decisions and behaviours are biased towards imitating and following 
the herd (Banerjee, 1992; Duffy & Azevedo, 2015). Herd behaviour theory (Banerjee, 
1992) is based on a natural human reaction to observing peers, which leads to imitat-
ing their behaviour to achieve a similar level of success. In other words, an individual’s 
decision is more likely than not to be influenced by the way that the people around 
him/her choose, prefer, and behave. The concept of herd behaviour explains people’s 
tendency to follow explicit behaviour when they see that others in the same group are 
applying it (Banerjee, 1992).

Discerning the relationship between herd behaviour and technology adoption 
involves several features. Herd behaviour theory is used to explain the adoption of tech-
nology by discounting users’ internal beliefs, their readiness to embrace the beliefs of 
others about the usefulness of an application, and the further adjustment of their behav-
iour to reflect changes in the level of its use by others (Peng et al., 2009). Similarly, 
Sun (2013) used herd behaviour theory to explain the Continued Use of Technology in 
online shopping behaviour by the discounting of a person’s own beliefs and the imitat-
ing of others. According to him, this behaviour occurs when adopting a new technol-
ogy and is provoked primarily by the observation of prior adoptions. Zhao et al. (2020) 
concluded that, because of the herding effect, the tracked software applications that 
form the largest group of downloads are the most likely ones to be discontinued. This 
indicates that some learners engage in buying the application without sufficient reason. 
Viewing and copying the completed activities could develop learners’ engagement to a 
deeper level because the learning content is meaningful and not a mere set of random 
tasks (Jivet et al., 2017). Wang et al. (2019) also reported that a higher level of diffi-
culty in the online course is correlated with more rational herd behaviour.

Similar evidence in educational technology was deduced by Wang et al. (2019), who 
investigated students’ participation in an MOOC in China. Wang et al. (2019) observed 
significant evidence of irrational and rational herding behaviours among the learners 
when they see others’ learners’ behaviours. Thus, technological intervention which 
could increase herding behaviour may contribute to improving the use of LMS and the 
intention to keep using it in the future.

2.2  Cognitive absorption

Cognitive absorption (CA), or the Perceive Cognitive Absorption (PCA), is 
explained by state of flow theory, first coined by Agarwal and Karahanna (2000). 
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Barnes et al. (2019) underlined the role of PCA as the absolute immersion that gen-
erates a sense of thorough engagement. State of flow means the inability to sense 
time or place while using an application (i.e. LMS, in this case). According to Bozo-
glan et al. (2014), the state of flow is reflected by the realisation of each performed 
action, the focusing of attention, neglect of self-mindfulness, a complete sense of 
autonomy, consistency requirements, and knowing the purpose of each activity 
required and performed. In such situations, PCA is useful and leads to positive out-
comes; however, this must be conditional on its being directed to purposeful activi-
ties. Jumaan et al. (2020) found that PCA affects the satisfaction, perceived useful-
ness and continuance intention of the mobile internet. Similar evidence from the 
educational technology literature is that Roca (2008) studied 172 university learners 
and found that cognitive absorption significantly improves the continued intention to 
use LMS. Another paper, by Léger et al. (2014), concluded that cognitive absorption 
by 36 students had a significant effect on learning outcomes.

Nevertheless, the outcomes of bringing a learner to the state of flow are subject to 
several conditions, notably, the usability of the system. Without a usable system, the 
learner cannot reach this state. A study conducted by Moreno et al. (2016) on 251 
students enrolled in distance learning business programmes in Brazil concluded that 
usability mediated the relationship between PCA and the effective intention to use. 
PCA is perceived as both a negative and a positive factor affecting academic per-
formance. From a study of 239 students in a University of Technology, Rouis et al. 
(2011) showed that PCA on the social media makes students less connected to their 
studies. It even made them unable to plan for their studies and negatively affected 
their ability to self-regulate. However, the PCA can be perceived as a positive factor, 
if it is purposeful and leads to transformed educational behaviour, such as deriving 
benefits from the technology.

2.3  Self‑regulated learning (SRL)

Self-regulation is critical for students’ learning performance (Kurtovic et al., 2021). 
In e-learning, SRL is a significant predictor of learners’ success (Sun & Rueda, 
2012). Previous research reported that unsuccessful e-learners are those who were 
not equipped with SRL skills and could not practise its strategies (Liaw & Huang, 
2013). Thus, SRL is essential in the learning processes and is particularly applicable 
to e-learning, since it is a self-driven learning platform (Liaw & Huang, 2013). Self-
regulated learning is learners’ ability to set their learning objectives and plans and 
to carry out these plans as expected (García-Pérez et al., 2020). It is further defined 
as “learners’ ability to independently and proactively engage in self-motivating and 
behavioural processes that increase goal achievement” (Zimmerman, 2002).

Writers have debated whether self-regulation nurtures learning or is part of its 
nature. One school of thought believes that it is part of the learners’ competence and 
ability (Schunk & Ertmer, 2000). In contrast, the second believes it can be tempo-
rary (Hall & Fong, 2010) or can be learned through specific training or technologies.

The first school also perceives self-regulation as an aspect of personal competence 
that is gained over time. Learners direct their learning processes and attainments by 
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setting challenging goals for themselves and devise appropriate strategies to achieve 
their goals, enlisting self-regulative influences that motivate and guide their efforts 
(Liaw & Huang, 2013). Self-regulated learners are characterised by their ability to 
initiate meta-cognitive, cognitive, affective, motivational, and behavioural processes 
which function to achieve their learning goals; in this they persevere until they 
achieve success (Kitsantas et al., 2019). SRL as suggested in Kizilcec et al. (2017) 
is a personality trait whereby learners have the resilience to initiate, undertake, com-
plete and adapt to the process or the task in hand.

The second school of thought agrees that SRL is not a static skill. Instead, it 
evolves with practice and is a scaffolding that supports the learner through contin-
gencies or uncertainties (Kizilcec et al., 2017), thus, it is called Perceived Self-reg-
ulated learning (PSRL) that is based on a certain condition or technology. Indeed, 
self-regulated learning is highly dependent on a person’s self-efficacy (Liaw & 
Huang, 2013), while the perception that one can be structured is contextual and 
based on the tools available. In other words, self-regulated learning is more of a per-
sonality trait, whereas Perceived Self-regulated learning (PSRL) can be gained by 
technological interventions (Wu et al., 2010).

In the context of this research, PSRL is defined as an active, constructive pro-
cess that is made possible by technology, in which learners can set their learning 
goals and are enabled to monitor, regulate, and control their cognition and behaviour 
(which are driven and constrained by their goals and by the contextual features of 
the environment) (Liaw & Huang, 2013). Therefore, unlike SRL, which is confined 
to personal attributes, PSRL is operationalised as the perception of a technology as 
a self-regulated individual learning tool which enables people to regulate the con-
tent of e-learning (Liaw & Huang, 2013). In other words, PSRL is an outcome or a 
benefit of using LMS effectively. In their study of the perceived satisfaction of 196 
university students, perceived usefulness and interactive learning environments were 
shown to positively influence PSRL in an e-learning environment (Liaw & Huang, 
2013).

To sum up, in educational technology literature, PSRL can be improved by an 
intervention in the practical interface design.

3  Analytical framework

3.1  Perceived cognitive absorption, perceived self‑regulated learning 
and continuation intention of LMS

The ultimate purpose of the LMS is to improve learners’ ability to self-regulate. If 
the purpose of the LMS is perceived to have been met (i.e. if it becomes a perceived 
benefit and operationalised in this research PSRL), the CIU will be improved. Thus, 
the first criterion for a meaningful intervention is to improve the PSRL; i.e. the new 
intervention must improve the PSRL so that the CIU can be strengthened. There are 
two main theoretical perspectives in explaining the proposed effect of the PSRL on 
CIU, those of perception theory and expectation theory.
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First, according to perception theory, perception is subjective and based on con-
textual factors, i.e. people’s perceptions and their interpretations are based on their 
experience, knowledge, background, and self-rating (Yammarino & Atwater, 1993). 
People’s perception of themselves may also have a significant effect on their inten-
tions (Maselli & Altrocchi, 1969). In other words, if a system improves one’s per-
ception of one’s capabilities and performance, it will strengthen one’s intention to 
keep using the system. There is academic evidence that PSRL and CIU are associ-
ated positively. The relationship between PSRL and CIU was studied in Concan-
non et al. (2018). In their phenomenological study, Concannon et al. (2018) found 
that the courses that are designed to improve learners’ perceived self-regulation 
strengthen their persistence in following the course and their intention to take simi-
lar courses in the future. Self-regulation is formed not only from competence but 
also from perception and experience, built up by the design of the course and the 
interfaces and characteristics of the LMS.

Second, according to expectation theory, if a system’s users receive the expected 
benefits from the system, their intention to continue using the system is accordingly 
strengthened (Lee, 2010). Therefore, if the system can deliver the targeted objec-
tives, the users are expected to use it in the future. PSRL is about the belief that 
one can set goals, plan accordingly, and then follow the plan. An LMS is a system 
designed and implemented to improve learners’ ability to set goals, plan accordingly, 
and follow the plan. Therefore, if LMS improves the PSRL, the CIU is expected to 
become stronger.

H1: PSRL positively affects CIU

The second criterion to ensure the meaningfulness of the intervention is the abil-
ity to improve the PCA. It is proposed in this section that the PCA from using the 
LMC can predict the variation in the learners’ CIU. Based on the expectation-confir-
mation model extended by Jumaan et al. (2020), the confirmation of the expectation 
affects the PCA, which affects the perceived usefulness, satisfaction and the CIU. 
That is, by enhancing the learners’ PCA, it is proposed to improve the CIU because 
it can change their attitude to the system (Moreno et al., 2016). Using the same anal-
ogy in LMS, if students are fully engaged by the use of a learning technology, their 
engagement improves their attitude to the application of LMS, hence strengthening 
their intention to use it effectively. This is also shown by Moreno et al. (2016) in 
their examination of 251 students in Brazil. On the same lines, the first proposition 
is that learner’s PCA towards the LMS will intensify the CIU.

H2: PCA positively affects the CIU

Second, it is proposed that improving the learners’ PCA improves the percep-
tion of the benefits from the LMS (i.e. PSRL). An LMS is an application that 
aims to improve the learners’ perception of their personal ability to organise, 
structure and achieve learning objectives. It is shown in Basol and Balgalmis 
(2016); Karlinsky-Shichor and Zviran (2015) that the effective use of a software 
application improves its perceived benefits, i.e. the PSRL. Since the PCA can 
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improve the effective use of applications (Moreno et al., 2016), the present study 
argues that the PCA positively affects the PSRL.

H3: PCA positively affects PSRL

Third, it is proposed that a technological intervention that can improve the 
learners’ PCA will influence CIU positively mediated by improving the percep-
tion of benefits from the LMS (i.e. PSRL). The PCA does not, however, always 
affect the CIU because it can sometimes be perceived negatively. For instance, 
learners who had higher PCA in using Facebook were found to have a lower level 
of academic achievement (Rouis et  al., 2011). Therefore, the PCA needs to be 
directed to the purposeful use of applications. Otherwise, it could lead to poor 
results. Since the ultimate purpose of the application is to regulate one’s own 
learning activities, the present study proposes PSRL as a mediator between PCA 
and CIU.

H4: PCA affects the CIU positively mediated by the positive effects of PSRL

The earlier discussion concludes and provides a theoretical foundation of an 
analytical framework that is purposed in Fig.  1. The analytical framework is 
based on three states: the engagement level, which could improve the learners’ 
ability, and so the intention to keep using the educational technology will be 
enhanced. In other words, the significance of the intervention can be measured 
by the amount of improvement in the Perceived Cognitive Absorption (PCA) and 
Perceived Self-regulated learning (PSRL) of the LMS, in turn strengthening the 
CIU, as visualised in Fig. 1. In this figure, the causal relationships are proposed. 
The use of tracking technology operationalised into perceived usefulness and per-
ceived ease of use, is proposed to influence the PCA and PSRL. Additionally, it is 
proposed that PCA affects PSRL and CIU while PSRL affects CIU. And the aim 
of this article is to test the analytical framework purposed in Fig. 1.

The following sections are to deduce from the literature these propositions.

TT Perceived 
Usefulness PLSR

CIU

TT Perceived Ease of 
Use PCA

Fig. 1  Research Conceptual Framework
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3.2  Tracking technology (TT) and continued intention to use the LMS (CIU) 
of the LMS

Herd behaviour theory was adopted in the present study to theorise the potential 
impact of TT on improving learners’ PCA and PSRL. This TT could improve 
their PCA and their perception of an improved SRL. The improved perception of 
PSRL and PCA suggested by herd theory might further improve learners’ LMS 
CIU. According to herd theory, users who are exposed to certain behaviours per-
formed by others follow a similar behaviour pattern. Herd behaviour theory sug-
gests that exposing learners to a technology that displays the behaviours of others 
(e.g., as shown by tracking tools (TTs)) is assumed to enhance their intention to 
follow and imitate the perceived learning practices of those others. The rationale 
for herd behaviour lies in people’s belief that others may have access to some 
critical information that is unavailable to themselves. According to the arguments 
of Banerjee (1992), decision rules are characterized by a need to follow rather 
than lead. The concept of TT in this research is borrowed not from comparison 
theory as found in the classic literature, but rather from the leading fundamental 
theory here, that of herd behaviour. This operates by eliminating the self from the 
comparison and letting the learner see the pattern of the herd’s behaviour. This 
research adopted herd behaviour theory to develop the TT intervention.

The present study considers the usability, in terms of ease of use and useful-
ness, as confirmation that the tracking tool is used. In other words, since students 
express their perceptions of its usefulness and its ease of use, their proposed 
effects on the learners’ cognitive absorption and PSRL can be improved so that 
the CIU of the LMS can be enhanced. Thus, it is proposed that the more the TT is 
used, as operationalised in the perceived ease of use (PEOU) and perceived use-
fulness (PU) of the TT, the higher will be the learners’ tendency to keep using the 
LMS in the future.

H5: Perceived usability of TT affects CIU positively

H5a:PEOU of TT affects CIU positively
H5b: PU of TT affects CIU positively

3.3  Tracking technology (TT) and perceived cognitive absorption (PCA) of LMS

The use of tracking technology is proposed to influence learners’ PCA in LMS. 
According to herd behaviour theory, learners will be motivated and engaged by fol-
lowing the steps of others., This means that, where learning is concerned, students 
as they follow the herd tend to become intensely focused on the content. Therefore, 
a tracking technology will affect the learners’ perceived cognitive absorption. Thus, 
it is proposed in this research that the greater the use of the TT, which is operation-
alised in the level of PEOU and PU, the greater the effect on the learners’ perception 
of cognitive absorption from the use of the LMS.
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H6: Perceived usability of TT affects PCA positively

H6a: PEOU of TT affects PCA positively
H6b: PU of TT affects PCA positively

If using TT improves the level of perceived cognitive absorption, the usability of 
the tracking technology can affect the CIU. Accordingly, the following hypotheses 
were developed.

H7: Perceived usability of TT affects CIU positively mediated by the positive 
effects of PCA

H7a: PEOU of TT affects CIU positively mediated by the positive effects of 
PCA
H7b: PU of TT affects CIU positively mediated by the positive effects of PCA

3.4  Tracking technology (TT) and perceived self‑regulated learning of LMS

Learning analytics was found to enhance learners’ awareness and regulation of their 
learning processes (Schumacher & Ifenthaler, 2018). The tracking tool is proposed 
to improve the learners’ perceived self-regulation skills by exposing them to others’ 
learning practices. According to social comparison theory (Festinger, 1954), when 
students can observe other students’ performance, they can set goals and plan more 
effectively and efficiently (Venkatesh et al., 2000). This is unlike the calibrated self-
comparison of a self-regulated learning tool, which could negatively affect learn-
ers’ self-esteem. Instead, the present study uses the power of learners’ perceived 
self-regulation in learning to retain their focus on their perception of their learning 
while using the tracking tool. Learners will be able to know more about the relative 
weight of each topic based on the number of clicks by others. This is proposed to 
improve their perception of self-regulation. The evidence here can be strengthened 
by research (Wang et al., 2019), which concluded that rational herd behaviour is a 
persistent pattern demonstrated by learners to alleviate the complexity of a module 
by planning based on the efforts of others and the time they spend on the learning 
activities.

H8: The usability of tracking technology affects PSRL positively.

H8a: PEOU of TT affects PSRL positively
H8b: PU of TT affects PSRL positively

The TT as an organisational tool could also improve the sense of a task being 
structured and of being in control of it; this map improves the learners’ perception 
of the value of an application as a self-regulating tool (i.e. PSRL). This positive 
perception could then affect the positive attitude to continuing to use an LMS in the 
future. The TT could affect the PSRL, which has been proposed to affect the CIU 
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positively. Therefore, the present study proposes that the TT affects the CIU medi-
ated by the PSRL.

H9: Perceived usability affects CIU positively mediated by the positive effects of 
PLS

H9a: PEOU of TT affects CIU positively mediated by the positive effects of 
PSRL
H9b: PU of TT affects CIU positively mediated by the positive effects of PSRL

The students are presumed to become immersed and focused on completing 
the learning activities in order to follow the herd. This could establish their per-
ceived cognitive absorption. Only then can the students’ perceived self-regulation 
be improved. This may be explained as follows: the students will be focused and 
deeply engaged with viewing and completing the learning activities on time (since 
the weekly topic of the module is represented graphically). They will need to per-
ceive themselves as they interact, reason, search for content, set goals, and plan to 
complete the activities. These skills are the critical dimensions of the PSRL

H10: TT usability affects PSRL positively mediated by the positive effects of PCA

H10a: PEOU of TT affects PSRL mediated by the positive effects of PCA
H10b: PU of TT affects PSRL mediated by the positive effects of PCA

The level of cognitive absorption in the use of the dashboard can be a determin-
ing factor in the CIU (Arnold & Pistilli 2012). In other words, for purposeful behav-
ioural engagement (i.e. PSRL) resulting from the motivational context (i.e. PCA), 
could improve the cognitive behavioural engagement, which could then lead to the 
improvement of the intention to continue using an LMS.

H11: TT usability affects CIU mediated by the positive effects of PCA & PSRL

H11a: PEOU of TT affects CIU positively mediated by the positive effects of 
PCA & PSRL
H11b: PU of TT affects CIU positively mediated by the positive effects of PCA 
& PSRL

4  Research methodology

This research will develop a new tracking technology to be integrated in the learn-
ing dashboard. The effects of this tracking technology will be examined by using 
survey. A questionnaire is preferred when the population is too large to be inter-
viewed singly. Non-computer science background students could struggle in using 
the computer due to computer literacy issues. To ensure the homogeneity of the 
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data collected and avoid outliers due to other non-research related factors (E.g. tech-
nology anxiety or technology literacy), the sample focused on Computer Science 
Students at one of the modern universities. The data is collected from Westmin-
ster International University in Tashkent (WIUT), which was established in 2002. 
Uzbekistan University was the first international university located in Central Asia 
to offer a Western-style education with UK qualifications. In this research, 400 stu-
dents, all from Uzbekistan, who had finished their first year in the Computer Sci-
ence department, were using the LMS. Both demographics were roughly well pre-
sented 37% woman and 63% men. Academic courses at WIUT lasted eleven weeks. 
Accordingly, to avoid end-of-term stress, the surveys were distributed four weeks 
before the exam period. A pilot study to try out the research method was essential. A 
pilot study mimics the data collection process to detect and adjust potential pitfalls 
in preparation for the survey and the actual data collection phase of the research 
(Van Teijlingen et al., 2001). The last stage of developing the questionnaire involves 
a process of pre-testing for validity, reliability, and mistakes (Presser & Blair, 1994; 
Presser et  al., 2004; Reynolds et  al., 1993). The pre-testing included recruiting a 
postgraduate student in psychology from the University of Westminster in the UK. 
16 responses were collected. Following feedback on the questionnaire design and 
layout, more straightforward language was used. The questionnaire was revised 
according to the recommendations received.

5  Sampling technique

Statisticians have agreed that a sample size of 20–50 to measure each independ-
ent variable is a sufficient range in any research where SEM is applied, such as the 
structure equation modelling and confirmatory factor analysis found in the present 
study. However, obtaining a ratio of 30 responses: 1 construct is a preferable way of 
making the measurements reliable (Kline, 2015). The developed model for the pre-
sent research was structured from the following independent variables: PEOU, PU, 
PCA, PSRL, and CIU. The ratio of 30:1 suggests that the minimum sample size for 
the present research was 150 responses. The total number of participating students 
in the present study survey was 151.

6  Questionnaire design

Perceived Cognitive Absorption, perceived usefulness and perceived ease of use 
were adopted from Roca et al. (2006). The CIU is a five items construct borrowed 
from Abdullatif and Velázquez-Iturbide (2020) and Alraimi et al. (2015). Perceived 
Self-regulated learning was adapted from Basol and Balgalmis (2016) and Liaw and 
Huang (2013). Based on Zimmerma’s definitions of self-regulation abilities and the 
results from the pilot study on the wording about these abilities, new topics were 
developed. They concerned the LMS ability to “manage my study time”, “plan my 
learning tasks independently”, “where to search for missing information”, “tracking 
my learning progress independently” and “evaluation of the achievement”.
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7  Validity and reliability tests

SMART PLS software was used in this research for the statistical data analysis of 
the survey. Partial least square methods (SMART PLS) are employed as the struc-
tural equation modelling techniques to examine the proposed conceptual framework. 
It is originally built by Herman Wold in 1970s. This statistical technique provides a 
framework for analysing multiple causal relationships between a set of variables. It 
is assumed that each block of variables is symbolized by a latent construct (i.e. theo-
retical concept).

This research adopted three measures for ensuring the reliability of the con-
structs. Reliability measures are to examine the internal consistency of the con-
structs (Henseler et al., 2009). They describe the amount to which the items used are 
constituting the same construct (Rönkkö & Cho, 2022; McNeish, 2018). Thus, they 
measure the inter-relatedness of the items within the test (Tavakol & Dennick, 2011, 
p.53). The proposed three measures are Composite reliability, Cronbach alpha, and 
Rho_A. Composite reliability “Measures the sum of latent variable factor loadings 
relative to the sum of the factor loadings plus error variance” (Urbach & Ahlemann, 
2010, p.19), while Cronbach alpha “Measures the extent to which all the items in a 
test measure the same concept or construct and hence it is connected to the inter-
relatedness of the items within the test” (Tavakol & Dennick, 2011, p.53). Rho_A is 
parallel to composite reliability but using Spearman’s test with unstandardized load-
ings of factors (Dijkstra & Henseler, 2015). All of the measures are more than 0.6 
for all of the research constructs, indicating the reliability of them (Henseler et al., 
2009).

This research adopted four methods to ensure the validity of the constructs. They 
were the AVE test, the Fornell Larker test, HTMT, and Confirmatory Factor Analy-
sis (i.e. the significance of the factor loading and significance of the model). All 
the reported AVEs were accepted because they were above 0.5. The Fornell Larker 
test, as in Table 1, presents the correlation matrix of the constructs. According to 
this test, the square root of AVE should be more than the highest correlation in the 
matrix, so the highest correlation was r = 0.697, p < 0.05, and the lowest square root 
of AVE was .787, which proved the existence of discriminate validity.

Another approach for assessing discriminant validity as suggested by Roemer 
et al. (2021): the heterotrait-monotrait ratio of correlations (HTMT). The HTMT is 

Table 1  Fornell Larker 
Criterion Test

Diagonal elements are the square root of the average variance 
extracted. These values should exceed the inter-construct correla-
tions for adequate discriminant validity

CIU TT-PEOU TT-PU PCA PSRL

CIU 0.88
TT-PEOU 0.45 0.81
TT-PU 0.49 0.63 0.79
PCA 0.66 0.49 0.47 0.78
PSRL 0.69 0.49 0.47 0.70 0.84
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a measure of similarity between latent variables. A threshold of 0.85 reliably differ-
entiates between those pairs of latent variables that are discriminant valid and those 
that are not. as shown in Table 2, all measures are far below 0.85. This means that 
this study satisfied the criteria for discriminant validity. A confirmatory factor analy-
sis test was conducted (see Table  3 for the standardised factor loadings). All the 
factors loadings were significant and above 0.6. The model used for significance and 
fitness for purpose was χ2/df =1.498 and RMSEA of .058 ware accepted. Regarding 
Fornell Larker Criteria test, as part of discriminate validity, the square root of AVE 
should be more than the highest correlation in the matrix, which is fulfilled as sum-
marised in the Table 1.

8  Common method Bias

Two approaches were taken to checking for common method bias to test for the pos-
sibility of systematic error. They were the Variance Inflation Factors and Harman’s 
single factor test. In the first method, as advised by Kock (2015), all the independ-
ent and dependent variables were tested and found to be less than 3.3, as shown in 
Table 4. For the second measure, Harman’s single factor test, dimension reduction 
was used and the extraction sum of squared loading had to be less than 50%. In 
this research it was 44.35%, which also indicated no issue with the common method 
bias. In addition, this research adopted unmeasured latent method construct (ULMC) 
(UMLC) to examine the common bias (Richardson et al., 2009). The analysis is con-
ducted using AMOS software application and the common variance is 25% which is 
accepted. The report of the analysis is in the appendix.

9  Findings

In the present study, the TT was implemented by illustrating the summary of com-
pleted activities on the Moodle course page. The completed activities were the 
course learning content tasks (i.e. reading, attempting or completing a quiz, com-
pleting a lesson and downloading slides). Each pictured item connected to a hyper-
link for the actual learning content (Fig. 13, for example). The second item was com-
pleted by 17 students; if students checked on it and decide to complete the activity, 
they could access it by clicking on it once. This increased the click counter by one.

Table 2  Heterotrait-Monotrait 
ratio of correlations (HTMT)

CIU TT-PEOU TT-PU PCA

TT-PEOU 0.50
TT-PU 0.55 0.74
PCA 0.75 0.56 0.55
PSRL 0.76 0.55 0.54 0.80
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The click counter statistics were collected weekly on a separate database for 
data analysis purposes. A similar counter was added to the TT table to collect 
another aspect of students’ satisfaction with the visualised data. All counters were 
reset every week before totalling the collection of data for the following week. 
The instructor and the researcher collaborated weekly to administer the process 
of updating the illustration of the activity. Figure 2 shows the click counters on 
the TT.

To collect information on learners’ interactions, a click counter was used and 
customised to fit the purpose of this research. Tracking learners’ progress is a 
well-established practice that involves following their navigational behaviour by 
logging their interaction with hyperlinks. The click counter indicates the behav-
ioural intention to use the system (Toohey et al., 2019), and is considered a pri-
mary mechanism for collecting interaction data to feed the instructor’s dashboard. 
The data on the click counters are reported to the students through the TT system.

Thus, the present study’s click counter was developed to provide further insight 
from a different angle into students’ perspectives on the proposed features. All clicks 
were recorded even those repeated by the same student. A re-clicked item could 
reflect the importance of the topic or the feature being revisited. In other words, 
non-unique clicks were also recorded. The “Like” counter collected only unique 
clicks. i.e. the student could click once only on the “Like” button. The like-counter 
captured the student’s instant perception of the TT and the competency guidance 
visualisation. The deeper level click counter of competency sub guidance is shown 
on Figs. 3 and 4. These data tended to show the students’ interest in the competency 
being illustrated. There was an in-depth investigation of the impact of the tracking 
tool panel on students’ behaviour. This was implemented by adding a counter to 
each activity link to measure the number of times that students accessed it.

Table 4  VIF Table CIU PCA PSRL

TT-PEOU 1.84 1.67 1.80
TT-PU 1.80 1.67 1.77
PCA 2.10 1.40
PSRL 2.09

Fig. 2  The implemented tracking technology – students’ interface
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10  Testing the effects

This research used Partial Least Square Methods – Structure Equation Modelling 
(PLS-SEM) to test the research results. SmartPLS software was used in this process. 
Figure 5 is used to visualise the test results. TT is measured by the level of PEOU 
and its PU. Thus, there were six main relationships here, as shown in Fig. 5. The 
first two relationships came from the effect of TT on PCA and on PSRL. The sec-
ond two came from the effect of PSRL and PCA on the CIU. The last two derived 
from the effect of TT on the CIU, both directly and when mediated by the PSRL and 
PCA. The model was well-fitted and the adjusted r2 was significant (55%, 51.2%, 
27.5%) for the dependent factors (CIU, PSRL, and PCA).

Table 5 reports the significant effects of the learners’ PCA and PSRL from the 
LMS on their intention to continue using this system. There were four relations 
to examine. They are the effect of PSRL on CIU (H1), of PCA on CIU (H2), of 
PCA on PSRL (H3), and of PCA on CIU through PSRL (H4). The PLS model 

Fig. 3  Tracking technology and visualised competency – condensed students’ interface

Fig. 4  Tracking technology and visualised competency – expanded students’ interface
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results suggested that the PSRL significantly affects CIU (.404, P < 0.01), con-
firming H1. PCA has three significant effects: on PSRL (.58, P < 0.01): direct 
on CIU (.307, P < 0.01) and indirect on CIU through PSRL (.234, P < 0.01) to 
validate H2, H 3, and H4. Thus, PCA has a total significant effect on the CIU 
(0.541, P < 0.01).

This research found, as proposed, that the usability of a TT significantly affects 
the perceptions of the LMS, i.e., the PSRL and PCA of the LMS. TT usability (PU 
and PEOU) had significant positive effects on LMS PCA (.281, P < 0.01 and .314, 
P < 0.01), which confirm H6a and H6b. However, no significant evidence was found 
to support the direct effects of the PEOU (.131 > .05) and PU (.113, P > 0.05) of 
the TT on the LMS PSRL, causing H8a and H8b to be rejected. Further analysis 
found a relationship between TT and PSRL, but PCA mediated it. The PCA had a 
strong mediating effect on the relationship of PEOU (.179, P < 0.05) and PU (.163, 
P < 0.05) on the PSRL, which confirms H10a and H10b. Thus, the TT usability 
aspects, i.e., PEOU (.315, P < 0.05) and PU (.274, P < 0.01), had a total significant 
effect on the PLS.

The TT usability aspects had a significant total effect, a total indirect effect, but 
no direct effect on CIU. The direct effects of the PEOU (0.011, P > 0.05) and PU 
(.137, P < 0.05) were weak and statistically non-significant, which disqualifies H5a 
and H5b. The total effect of the PU (.337, P < 0.01) was greater than the effect of the 
PEOU (.233, P < 0.05), and both of them had significant effects on the LMS CIU. 
However, the total indirect effect of the PEOU (.222, P < 0.01) and PU (.2, P < 0.01) 
are, as demonstrated, positive and significant. Interestingly, regarding the three pro-
posed mediators PCA, PSRL and PCAà PSRL, PSRL did not play a significant role 
in mediating the PEOU (.053, P > 0.05) and PU (.046, P > 0.05), which causes H9a 
and H9b to be rejected. Nor did PCA alone show any significant impact as a media-
tor (0.097, 0.084) on PEOU and PU, respectively (P > 0.05), which invalidates H7a 

Fig. 5  Research model
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and H7b. However, the PCAà PSRL was a significant mediator for the effects of 
both PEOU (.074, P < 0.05) and PU (.064, P < 0.05) on the CIU, stressing the role of 
PCA in the model, which confirms H11a and H11b.

Table 5  Research results

*O is Original Sample data, M is the Sample mean, STDEV is Standard Deviation

H Relationships O M STDEV T P Remarks

H1 PSRL à CIU 0.40 0.40 0.11 3.59 0.00 Supported
H3 PCA à PSRL 0.58 0.58 0.08 7.45 0.00 Supported

PCA à CIU
H2 Direct (Path-Coefficient) 0.31 0.31 0.10 3.11 0.00 Supported
H4 PCA à PSRL à CIU 0.23 0.23 0.07 3.16 0.00 Supported

Total effect 0.54 0.54 0.06 8.53 0.00 Supported
PEOU à PSRL

H8a Direct (Path-Coefficient) 0.13 0.14 0.11 1.22 0.22 Not supported
H10a PEOU à PCA àPSRL 0.18 0.18 0.07 2.83 0.01 Supported

Total effect 0.31 0.32 0.12 2.54 0.01 Supported
PU àPSRL

H8b Direct (Path-Coefficient) 0.11 0.11 0.09 1.32 0.19 Not supported
H10b PUàPCAà PSRL 0.16 0.16 0.06 2.83 0.01 Supported

Total effect 0.27 0.27 0.09 3.13 0.00 Supported
H6a PEOU à PCA 0.32 0.31 0.11 2.85 0.01 Supported
H6b PU àPCA 0.27 0.28 0.09 3.23 0.00 Supported

PEOUEàCIU
H5a Direct (Path-Coefficient) 0.01 0.01 0.08 0.14 0.89 Not supported
H7a PEOU à PCA àCIU 0.10 0.10 0.05 1.89 0.06 Not supported
H9a PEOUàPSRLàCIU 0.05 0.05 0.05 1.18 0.24 No supported
H11a PEOUàPCAàPSRLàCIU 0.07 0.07 0.04 2.12 0.04 Supported

Total indirect 0.22 0.22 0.08 2.70 0.01 Supported
Total effect 0.23 0.23 0.11 2.12 0.04 Supported
TT-PUàCIU

H5b Direct (Path-Coefficient) 0.15 0.14 0.10 1.44 0.15 Not supported
H7b PUàPCA àCIU 0.08 0.09 0.04 2.10 0.04 Supported
H9b PUàPSRLàCIU 0.05 0.05 0.04 1.08 0.28 Not supported
H11b PUàPCAàPSRLàCIU 0.06 0.07 0.03 2.35 0.02 Supported

Total indirect 0.19 0.20 0.06 3.46 0.00 Supported
Total effect 0.34 0.34 0.12 2.89 0.00 Supported
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11  Discussion

This research is twofold: to set a design framework for interventions for improv-
ing the intention to continue using LMS and to use this design framework as a 
theoretical ambarella to reconceptualise the tracking technology from a self-com-
parison tool to be a herding tool so that the intention to continue use the LMS can 
be improved.

Regarding the first objective, this research proposed that for a continuance 
intention to use LMS, there is a need to improve the perceive cognitive absorption 
and perceived self-regulated learning. This research found that that the perception 
of cognitive absorption (PCA) was found to influence the learners’ perceptions 
of being self-regulated as a result of using the system. This research also found 
significant evidence that PSRL and PCA influence the CIU positively, and PCA 
affects the CIU positively, partially mediated by the PSRL. This finding applies 
to educational technology the findings in the study by Jumaan et al. (2020), that 
PCA affects the CIU in the mobile industry. Similarly, too, to their finding that 
PCA affects the perceived usefulness of the technology; the present research 
found that the PCA from the LMS affects the perception of self-regulation from 
using the LMS, which is the main benefit derived from using it. Thus, any techno-
logical intervention can influence the learners’ perception of the LMS either as a 
PSRL or as the PCA could affect its CIU.

This research successfully designs this tracking technology and found that this 
tool is improving the perceptions towards the LMS and so the intention to con-
tinue using it. This research theorised, developed, examined, and validated the 
integration of a TT by improving the perceptions of the LMS. According to herd 
behaviour theory, one’s decisions and emotions are highly influenced by herd 
decisions and behaviours. Thus, the first proposed model was the use of TT on 
the LMS PSRL and PCA so as to improve the CIU of the LMS. The use of TT 
was measured using TAM through the PEOU and PU of the TT. Based on herd 
theory, when learners saw that the class was completing learning activities, they 
felt motivated and engaged to do the same (Banerjee, 1992). The leading feature 
here was the students’ knowledge of the tasks and activities that other learners 
had completed, which engaged them in similar tasks and was also able to help 
them plan more effectively now that they were conscious of the gap between their 
achievement and that of the herd. Using this theory, the intervention proposed to 
increase students’ cognitive absorption by providing a feature that told them what 
others were doing. The empirical data in this research yielded significant support-
ing evidence for this.

The first proposition concerned the relationship between TT and PCA. The use 
of a tracking technology in this research was inferred from proximity. That is, 
the perception of usability (PU and PEOU) in this research indicated that a user 
must have accessed and used the tool in order to register the perception. In opera-
tional terms, H6a and H6b suggested that PEOU and PU of TT positively affected 
PCA. Since the perceived usability of TT positively impacted on learners’ PCA, 
this tool provided a meaningful learning experience. This research finding 
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supplements those of Zhao et  al. (2020), who found the number of downloads 
affected the software application downloader by following herd behaviour with-
out having a clear rationale. The present research is novel because it is the first to 
reflect similar propositions but in an educational and technological context.

Additionally, this research supplements that of Jivet et  al. (2017), and Bod-
ily and Verbert (2017), who believed that the use of dashboards in education 
improved students’ engagement. However, this research is different from that of 
Jivet et  al. (2017) because it presents the learners’ interactions. In the present 
research, only other people’s behaviours are presented, to avoid issues of being 
frustrated or disappointed by being compared with those others. In other words, 
having a tracking tool that did not compare people’s behaviour could still improve 
the PCA without sacrificing an individual’s well-being through comparisons with 
others.

The second proposition concerned the effect of PEOU and PU of the tracking 
technology on the PSRL of the LMS. The leading underlying theory here was that 
students would be able to benchmark their completed activities and tasks against 
those of the herd, allowing them to perceive that they could plan their activi-
ties better. This research found no significant evidence to support this argument. 
Nevertheless, the ninth hypothesis in this research was confirmed. H9 theorised 
that the perceived usability of the tracking tool had a positive impact on students’ 
perceived self-regulated learning mediated by their PCA. The confirmed theory 
corresponded positively with the logic that H9 was based on the fact that learn-
ers could become deeply focused on completing their activities in order to fol-
low the herd (their peers), which initiated improved cognitive absorption. Only 
then did students experience the improvement of self-regulated learning. This 
result contributed to the findings by Jivet et al. (2017) that viewing and copying 
the completed activities could develop a deeper engagement with learners since 
thought-out tasks made the learning content meaningful. In a nutshell, the use of 
TT would devalue the benefits from the LMS unless it improved the LMS PCA.

The third proposition involved the relationship between TT and CIU. Interest-
ingly, in this research, both parts of the fifth hypothesis, H5 (a) and (b), were 
rejected. H5(a) and (b) named two ways in which PEOU and PU could arguably 
directly improve students’ CIU. Additionally, the role of PCA as a mediator was 
not verified in this research. In H7, perceived usability showed no impact on the 
students’ intention to continue through their PCA directly, except when the PCA 
and PSRL acted as mediators. Hypothesis 10 was confirmed in this research; it 
proposed that the perceived usability of the TT had a positive impact on students’ 
continued intention to use the LMS and this impact was mediated by the relation-
ship between the PCA and PSRL.

To sum up, the TT improved their perceived cognitive absorption and deeply 
engaged them, renewed their focus on their learning, and satisfied them by 
immersing them in their work. This increased their perception that self-regulated 
learning was attainable. Once students felt that they received all these benefits of 
engagement and at the same time were in control of their resources, they could 
effectively regulate their learning tasks and became enthusiastic about using the 
LMS again.
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12  Contributions

The framework in Fig.  5 and its operationalised model in Fig.  6 contribute to 
the existing literature on educational technology because they are the first to 
frame and test the relationship between tracking technology in education, the per-
ceived cognitive absorption, perceived self-regulation, and intention to continue 
using the LMS. Adding to other research in explaining the intention to continue 
using LMS such as social media (Al-Shaikhli et al., 2021), this research contrib-
utes to this body of knowledge by showing that embedding tracking technology 
could play a significant role in predicting improving the intention to continue 
using LMS. Although it has been conceptualized before that tracking technology 
resembles and simulates the herd behaviour in education (Jivet et al., 2017), this 
research is the first to examine and found, its positive effects on the intention to 
continue using the LMS.

This research contributes to the educational technology literature by borrow-
ing herd behaviour theory from the field of sociology (Hirshleifer & Hong Teoh, 
2003; Lux, 1995), and educational technology (Sun, 2013; Peng et al., 2009) to 
propose the possible role of tracking technology in a learner’s LMS interface. 
Tracking technology is introduced in this research to implement this proposition. 
The new TT is different from any other in the literature. The present research 
makes the TT at the interface continuously visible, whether consciously or uncon-
sciously. In addition, unlike others who compare learners’ interactions with their 
own (Jivet et al., 2017), this research avoided benchmarking the learners’ interac-
tion against others’ because it was noted in the literature that such a comparison 
could lead to unintended consequences.

Thus, the present research used herd theory to discuss potential mimicking by 
students and showed how this could affect their experience of being engaged in 
using the LMS and perceiving that they were self-regulated by discovering oth-
ers’ interaction data. The concept of letting the learners see the herd’s behaviour 
was a novel idea theoretically applied in the new context of learning technology. 
This research is novel in proposing this type of design.

13  Research limitations

The first area of improvement for the survey lay in including demographic ques-
tions so as to assess the role of gender, age, background and education, together 
with other country-specific factors. Despite the importance of having these fac-
tors in the study, the potential cost of having them could outweigh their benefits. 
Indeed, the class has similar students in terms of age, background, education and 
from relatively the same culture. Due to the novelty of the tracking tool idea, the 
research aimed to investigate the tool based on one topic, one class, one teacher, 
and one intake. This was hoped to reduce the impacts of unmeasurable personal 
factors on the research idea. The variation in the demographic factors was thus; 
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hence replicated studies should ensure a wider and more diverse group of par-
ticipants to test inclusivity and therefore, equality. The students may see this as 
a way of identifying them or asking what could be seen as personal questions. 
Moreover, the questionnaire was designed to be kept short and straightforward so 
as to merit a high response rate.

The measurement of the scales in the positivist questionnaire led to some areas 
for improvement. First, the PSRL was measured using a self-rated questionnaire, as 
commonly used in the literature. However, it could also be measured by the learners’ 
interactions on the computer (Çebi & Güyer, 2020). Both approaches were used in 
the literature, but the possibility of triangulating the data could improve the value of 
the work. Nevertheless, the cost and effort of integrating the algorithms of the data 
interactions and seeking approval from the students to connect these data with their 
questionnaire was a key challenge limiting the researcher’s ability to consider this 
option. Second, the PSRL was a perception and not necessarily accurate; i.e. this 
research focused on self-perception more than objective practices. Nevertheless, this 
research adopted rigorous validity and reliability tests to ensure that the scales that 
were used were helpful and not misleading.

Regarding the PCA, in the literature, some authors used 4-dimensional scales to 
measure the PCA; each of the dimensions having 4 items. This could be a valid 
point if the constructs were few in number. Nevertheless, if the present research 
had included 16 items for measuring the PCA the questionnaire would have been 
lengthy and this might have made the response rate low. The last point to include 
as a possible area for improvement was the ability to measure the use behaviour 
of the respondents regarding the interventions. Because there was no possible link-
age between the data interaction information and the questionnaire, the only option 
available was to measure this behaviour through self-rated items. Statements about 
the behaviour could be doubted or inflated but using second-order questions for 
measuring this behaviour would give more valid responses. In other words, the ques-
tionnaire could ask direct questions of the level of use, but this might have elicited 
misleading answers since the use level was relative and not easily measurable. How-
ever, measuring the perception of ease of use and usefulness on a Likert scale could 
give stronger and comparable figures.

14  Future research

14.1  Replications and generalisation

Due to its methodological challenges, replicability and generalisability, this research 
could be improved by conducting similar research in different contexts and on dif-
ferent modules. A replication of the same study with a larger sample could also 
improve the reliability of this work. The students who enrolled on this project stud-
ied for a computer science degree with the implicit assumption that they did not 
have a problem with using computers. The results might differ if the undergraduates 
had come from a different subject background (such as Business, Biology, or Eng-
lish). Likewise, the age group of this study was clustered at the undergraduate level, 
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which meant that all of the learners were below 20 years of age. Greater age might 
influence the research findings; the possibility of influencing the PCA for older peo-
ple is not a straightforward process, since this raises questions about work-life bal-
ance, job-related factors, and family demands, bearing on the availability of time 
that can be dedicated to studying.

14.2  CIU and academic performance

The ultimate focus of this research was improving the CIU of LMS because in 
the present research, the CIU is associated with academic performance (Tawafak 
et al., 2018). Although this is a valid premise, in most of the previous research, it 
needed to be critically evaluated and analysed before taking the research findings for 
granted. There are two examples here that touch on this relationship and need to be 
considered with cautions.

First, herd behaviour was robust and affected the learners’ practice of following 
the herd. This did not mean that best practices were followed nor that the best per-
formance was produced. Instead it implied the average person’s behaviour, which 
indeed could be a little higher than the middle point of the performance scale (more 
than 50%). Thus, the herd behaviour pushed the practices to cluster around the aver-
age performance which was suitable for the negative outliers (failing students) but 
was a weakness for the positive outliers (the best students). Thus, it was necessary 
to note that herd behaviour was found to play a significant role in improving the 
CIU. However, to improve the learning performance needed further investigation 
to examine the implicit assumptions underlying the relationship between the use of 
technology, herd behaviour and academic performance.
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