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ABSTRACT

Covid19 outbreak has seen eLearning becoming a viable alternative to the traditional face-to-face teaching
globally. Software Engineering education has not been an exception to these changes. The use of multimedia
enhanced eLearning communities is also on the increase in the teaching of software engineering. However,
there is limited research on the acceptance of such technologies by African learners. Some of the multimedia
being used to enhance these learing communities includes animated pedagogical agents (PAs) combining text,
animation, audio, and video. Considering learner differences and aiming to achieve personalized leaming, there
is a need for institutions to understand how such technologies are being accepted by learners and the factors
that influence the acceptance. This study focuses on the acceptance of pedagogical agent enhanced eLearning
communities by Southern African learners in the teaching of Software Engineering. The aim of the study is to
identify the factors that influence the acceptance of such communities. This will help eLeaming designers to try
and address the needs of leamers in different contexts to achieve personalized leaming. This study involved 137
software engineering students from South Africa and Zimbabwe who were being introduced to elLearning
community enhanced with PAs. The unified theory of acceptance and use of technology?2 (UTAUT2) was used in
this study. The study revealed that only performance expectancy, and hedonic motivation constructs had an
effect on behavioral intention to use these eLearning communities enhanced with PAs.

1 INTRODUCTION

Imagine an online software engineering course in which students learn the content
being presented online using a combination of narrated slides, and pedagogical
agents (PAs) on the screen, which is are human-like characters intended to facilitate
instruction [1] and the learner's learning [2]. The PAs engage in a variety of activities,
such as role-playing as characters in a case study or as a fellow learner, helping
learners solve problems, asking and answering questions or even providing
encouragement. The use of PAs has been on the increase in education. This is due
to the increase in the need to animate and keep the learners engaged [3].
Pedagogical agents are frequently integrated in online learning environments
because they may be capable of providing cognitive support to the learner and being
able to enrich socially the learning experience [4]. Lane, [5] suggested that properly
designed and deployed pedagogical agents have a small, but significant impact on
learning while [6] said PAs do not improve learning]. With these kinds of conflicting
findings on the effect of PA integration, it shows that this area of educational
research still needs to be explored further. Other researchers suggested that future
research should include the deployment of agents in naturalistic contexts and open-
ended environments, and investigation of agent outcomes and implications in long-
term interventions [3].

With the technological advancement having led to the development of many efficient
methods for innovative pedagogies in the field of education [7], these technological
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advancements have seen the adoption of eLearning communities in institutions that
used to be face-to-face, and lecturer centered dominated. That traditional teaching
was found to have no ability to meet the needs of students' comprehensive practical
ability [8]. There is a shift from the traditional approach to a student centric approach
in which the learner plays an active role in the learning process. That shift has been
taking place at a slower pace prior to 2020, but the emergence adoptions of
eLearning due to COVID-19 changed everything. A survey by [7] on engineering
education depicts that there is a change in the teaching and learning process from
teacher-centric education to learner-centric education.

On learning technologies to support learner centric education, reaerch pointed out
that the learning technology might be poorly adopted, discontinued or rejected by
learners, due to a number of reasons [9]. This raises the need to investigate
acceptance issues associated with the introduction of new technologies in different
educational contexts.

There is limited research evidence on adoption of these learning technologies in
Southern Africa. As the issue of learner motivation and engagement remain topics of
interest for researchers [10], there is need for such research even so in the African
context and in the study domain of software engineering.

With the shift towards technology driven education for the achievement of
personalized learning, a lot of innovative ideas are being implemented in higher
education to try and address educational challenges. Some of these initiatives
include the use of eLearning communities that are integrated with multimedia in the
form of pedagogical agents which may be capable of providing cognitive support to
the learner and social enrichment to the learming experience [4]. The acceptance of
these technologies needs to be investigated in the context and different study
domains to achieve the intended objectives.

The use of these animated pedagogical agents APAs in the study of software
engineering requires that acceptance and impact of such technologies be
investigated in the context of African learners, hence the focus of this study. The
concept of one size fits all approach does not apply when it comes to predicting
academic success of technology usage in education [11]. Therefore, there is need to
investigate different students' contexts without generalizing using the findings from a
different environment.

In the context of student-centered learning in which students are made to realize that
it is their responsibility to engage, absorb, and retain while the instructor's job is to
prepare an environment in which that can happen [12]. In an attempt to achieve
personalized learning in which learning environments are expected to enhance the
learning experience by providing tailor-made services based on learner preferences
[13], several questions can be asked when technologies are being introduced.
Behavioral intention to use blended learning was found to have an effect on the
actual usage [14]. The link between behavioral intention and acceptance requires
that acceptance be investigated when introducing new technologies in education.
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This study focuses on the acceptance of PA enhanced eLearning communities by
Southern African learners in the study of software engineering. This study seeks to
answer the following key questions:

.

% Are communities enhanced with PAs accepted by software engineering
students?

% What are the factors that influence the software engineering students’ behavioral
intention to use eLearning communities enhanced with PAs as an elaboration of
multimedia?

2 THEORETICAL FRAMEWORK

The theoretical model employed in this research is based on the widely used models
of technology acceptance. In particular, this study was based on the UTAUT2 model
of [15]. The use of the UTAUT2 model is still scarce when studying learning
technology acceptance in higher education contexts [16].

In the interest of selecting an appropriate model covering all constructs in
determining Southern African students’ intention to use and adoption of eLearning
communities enhanced with multimedia in the form of PAs, the UTAUTZ2 has been
found to be the most appropriate theoretical framework for the conceptual model to
be used in this study. Following [15], Figure 1 below shows the main constructs in
the model, which were proposed as direct determinants of behavioral intention to use
Technology.

Very few studies have used UTAUT2 model to investigate the factors that influence
the intention to use new technologies in higher education. Some of the studies that
used UTAUT2 include [16],[17], however most of these studies were carried out with
students outside the African continent.

Behavioral
- ntention (81)

Price vakse (FV)

- aaatir
conditions(FC)

Hedon motretson
(renn)

Fig. 1 The UTAUT2 model (Venkatesh et al. 2012)

From the UTAUT2 model two factors namely behavioral intention (Bl) and facilitating
conditions (FC) were seen as key predictors of adoption behavior [15]. The
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discussion of the model’s constructs and how they contribute to the study is given
below.

Performance expectancy (PE) is a key construct and the strongest predictor of Bl to
use a technology [15]. In this study, it has been defined as the degree to which
students perceive that using eLearning communities enhanced with PAs will enable
them to achieve improved performance in their studies.

Effort expectancy EE was found to be a determinant influencing people to Bl, [18]
and [19]. Wang and Wang [20] also found that constructs associated with EE will be
stronger determinants of personal intention to use new technology. This study
operationalised EE as the level of easiness related to using the eLearning
environment enhanced with PAs.

Social influence (SI) has been operationalized in this study to refer to a student’'s
belief in what significant others expect them to do.

Facilitating conditions (FC), in this study has been thought of as the degree to
which students believe there is sufficient organizational and technical infrastructure,
to support the use of PA enhanced learning environments in their studies.

Hedonic motivation (HM) is operationalized to mean perceived enjoyment. It refers
to the fun, pleasure or enjoyment resulting from the students’ use of the technology
[21]. Previous research reported that perceived enjoyment significantly influences
technology acceptance and use for learning [20].

Price value (PV), was found to be a predictor of Behavioral Intention to use a new
technology. That was in other research where it could be operationalized like
adoption of mobile phone [22]. PV could not be operationalized in this study because
the students were expected to just use this environment for free without any direct
costs linked to their use.

Habit (HT) considers results of previous experiences with community usage [15].
However, in this study the learners did not have any previous usage experience of
such communities.

Behavioral intention (Bl) was found to be a significant determinant behind the actual
use of technology in different intention models [15]. In this study it refers to the extent
to which students intend (and continue) to use environments enhanced with PAs.

USE behavior (USE), construct was not covered by the scope of this study because
this study only focused on the acceptance of the environment. The study is being
conducted during the initial stages of introduction to assess how the learners are
receiving the new approach.

PV, HT, and Use having them operationalized as the stated above, these construct
were excluded from some of previous studies [23],[24]. Although the constructs were
also included during data collection. Due to students not being able to cognitively
compare the enhanced environment with the financial cost that could be associated
with using such an environment [15], and a lack of a lot of experience to talk of
habitual behavior, meant that the construct HT could also be dropped. Although data
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was collected using all the constructs, it was left for the data analysis to confirm if
those constructs were to be dropped or not.

The process of finding the appropriate model that fits the current study confirmed
that the three constructs were supposed to be dropped. Model fit was only achieved
after dropping the three constructs and a few items from the other PE and BI. This
could be because of some challenges in operationalizing those constructs in this
study as stated earlier and that could be due to the different circumstances of the
learners.

Dropping those suggested constructs meant that the finally adopted model for the
study reported in this paper was as shown in figure 2.

Effort expectancy (EE)

LS

-3

Behavioral

intention (B1)

Hedonic motivation or
(HM)

¥

Fig2: Adopted model for the study.

3 HYPOTHESES

Using the given research evidence and according to Fig. 2, for the purpose of this
study, the following hypotheses were formulated and tested:

H1: PE has an effect on software engineering students’ Bl to use PA enhanced
eLearning communities.

H2: EE has an effect on software engineering students’ Bl to use PA enhanced
eLearning communities.

H3: Sl has an effect on software engineering students’ Bl to use PA enhanced
eLearning communities.

H4. FC has an effect on software engineering students’ Bl to use PA enhanced
eLearning communities.

H5: HM has an effect on software engineering students’ Bl to use PA enhanced
eLearning communities.
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4 METHODOLOGY
4.1 Participants and procedure

The sample consisted of 137 software engineering students from universities in
South Africa and Zimbabwe as shown in Table 1. A questionnaire was completed by
second year students studying at different universities. The participation in the
survey was voluntary. The ethical standards of the institutional research committee
were followed. The students were informed that the questionnaire is anonymous,
and the data collected will be used solely for research purposes (confidentiality and
privacy issues were followed). Students who accepted were placed in a WhatsApp
group where the link for the questionnaire was posted. Anonymity was guaranteed
because no personal information was added when students were submitting their
responses.

4.2 The research instruments

The data were collected using the UTAUT2 questionnaire as described by [15]. The
same items were operationalized to the context of this study. The questionnaire
consisted of two parts. The first part consisted of 32 questions (items) to collect the
data about the different constructs. Of the 32 items, 4 items measured PE, 4 items
measured EE, 3 items measured SlI, 4 items measured FC, 3 items measured HM, 3
items measured PV, 4 items measured HT, 3 items measured Bl, and 4 items
measured USE behavior. In responding to the items, the students were rating their
views on a 5-point Likert-type scale (1 = strongly disagree to 5 = strongly agree). The
second part of the survey question 33 and 34, were designed to collect demographic
data namely gender and social category. The questionnaire was created and
distributed using survey monkey link as well as hard copies. A total of 200
questionnaires we distributed and 148 were returned, 11 of them were not properly
completed and were discarded.

The content validity of the questionnaire was evaluated by eleven experts and
lecturers in the field of software engineering and information systems development,
and blended learning. The questionnaire was found to be reliable; the
questionnaire’s Cronbach’s alpha coefficient was calculated, and it was (0.936).

4.3 Data analysis

In terms of the demographics of the participants, of the 137 students participating in
this study, 72.3% were female and 27.7% were male.

The validity of the model was assessed using Amos for both Convergent validity and
discriminant validity. For convergent validity, the FL, CA, CR and AVE values were
calculated. FL in all items were higher than 0.70. For all constructs, the CA reliability
coefficients were higher than 0.70. In addition, the CR and AVE indexes were above
0.70 and above 0.50 respectively for all constructs. The results showed that
convergent validity was at an optimal level. The index was evaluated using the
square roots of the AVE. The square roots of AVE of factors were found to be
greater than the correlational coefficient of the factors; because of that we could
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state that there was an excellent discriminant validity. The excellent model that
emerged had the values CMIN/DF 1.794, CFl 0.936, SRMR 0.060, RMSEA 0.076,
PClose 0.011

Structural Equation Modeling (SEM) was used to analyze the study hypotheses. The
significant level was set at P < 0.05. The results of the structural model test are as
presented in fig 3 below. The PE (B = 0.144, P = 0.069), EE (B = 0.128, P =0.273),
S| (B =0.080, P =0.249), FC (B =0.164, P = 0.216) and HM (3=0.368, P< 0.01).

In this model only HM constructs had a significantly positive effect on the students’
behavioral intention to use eLearning community enhanced with pedagogical agents.
PE was found to be at the borderline considering a P value of 0.05.

Effort expectancy (EE)

intention (BI)

Hedonic motivation
(HMm)

Facilitating
conditions{FC)

> Non- Significant

—ee Significant (p< 0.05 —e. Significant (p< 0.05

Fig 3: Structural model results

5 DISCUSSION

The results revealed that performance expectancy (PE) had a positive effect on the
students’ behavioral intention to use such PA enhanced communities. Although this
was a border liner, this could be due to the sample size, since only 137 learners
were used in this study, this finding was in line with [16] and [17].

The study revealed a significantly positive effect of HM on the students’ behavioral
intention to use eLearning communities enhanced with PAs. This finding was also in
line with findings of [16].

However, EE had no effect on the students’ behavioral intention to use communities
enhanced with pedagogical agents. These results were in line with other studies that
found no effect of EE on behavioral intention to use a new technology [17].

Also, social influence had no effect on the students’ behavioral intention to use such
communities. This was consistant with [16],[17] who also found the same results.
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The findings of this study showed that software engineering students are willing to
use elLearning communities that are enhanced with pedagogical agents as an
elaboration of multimedia.

This study was not without limitations, some of which include the use of a self-
reporting scale to assess the behavioral intention to use the community.

Having found the factors affecting intension to use PA enhanced communities, our
suggestions for future work include investigation of the influence of other factors
such as gender and social categories on the acceptance of such communities. We
therefore recommend investigations to find if the usage of such communities will
translate into some forms of educational benefit for the learners.

Caution must be taken when trying to generalize the findings to the whole of African
learners and for all study domains, since only software engineering students from
South Africa and Zimbabwe universities were involved.

6 CONCLUSION

This study revealed that the model emerged from the unified theory of acceptance
and use of technology 2 (UTAUTZ2) is applicable for studies that seek to investigate
the factors influencing the acceptance of eLearning communities designed using
alternative elaborations of multimedia in different study domain.

Only PE, and HM, constructs had an effect on behavioral intention to use eLearning
communities using pedagogical agents.EE, SI, FC, PV, and HT constructs have no
effect on the software engineering students’ intention to use such communities. Our
findings were consistent with other studies.

This study can be used as a good reference for other studies researching on
eLearning community design, multimedia integration, and eLearning acceptance in
other study domains.

7 REFERENCES

[1] N. L. Schroeder, O. O. Adesope, and R. B. Gilbert, “How effective are pedagogical agents for learning? a
meta-analytic review,” Journal of Educational Computing Research, vol. 49, no. 1, pp. 1-39, Jan. 2013,
doi: 10.2190/EC.49.1 a.

[2] R. E. Mayer and C. S. DaPra, “An embodiment effect in computer-based learning with animated pedagogical
agents,” Journal of Experimental Psychology: Applied, vol. 18, no. 3, pp. 239-252, Sep. 2012, doi:
10.1037/a0028616.

[3] G. Veletsianos and G. S. Russell, “Pedagogical Agents.” in Handbook of Research on Educational
Communications and Technology, New York, NY: Springer New York, 2014, pp. 759-769. doi:
10.1007/978-1-4614-3185-5_61.

[4] S. J. Daniel, “Education and the COVID-19 pandemic,” PROSPECTS. vol. 49, no. 1-2, pp. 91-96, Oct.
2020, doi: 10.1007/s11125-020-09464-3.

[5] H. C. Lane, “Pedagogical Agents and Affect,” in Emotions, Technology, Design, and Learning. Elsevier,
2016, pp. 47-62. doi: 10.1016/B978-0-12-801856-9.00003-7.

[6] H. van der Meij. J. van der Meij, and R. Harmsen, “Animated pedagogical agents effects on enhancing
student motivation and learning in a science inquiry learning environment,” Educational Technology
Research and Development, vol. 63, no. 3, pp. 381-403, Jun. 2015, doi: 10.1007/s11423-015-9378-5.

[7]1 J. Basavaiah, A. A. Anthony, and C. M. Patil, “Transformation of engineering education through student-
centric learning,” International Jowrnal of Learning and Teaching, vol. 13, no. 1, pp. 32-41, Jan. 2021,
doi: 10.18844/ij1t.v13i1.5137.

187



50th Annual Conference in September 2022 IE F ||

[8] F. Yu, Y. Xu, and M. Qiu, “Research on the Cultivation Mechanism of Students’ Practical Ability in
Engineering Cost,” 2020.

[9] J. Recker, “Reasoning about Discontinuance of Information System Use,” 2016. Accessed: Mar, 28, 2022,
[Online]. Available: https://eprints.qut.edu.au/221019/1/94707.pdf

[10] M. Zhu, A. Sari, and M. M. Lee, “A systematic review of research methods and topics of the empirical
MOOC literature (2014-2016),” The Internet and Higher Education, vol. 37, pp. 31-39, Apr. 2018, doi:
10.1016/J.IHEDUC.2018.01.002.

[11] D. Gasevi¢, S. Dawson, T. Rogers, and D. Gasevic, “Learning analytics should not promote one size fits
all: The effects of instructional conditions in predicting academic success,” Internet and Higher
Education, vol. 28, pp. 68-84, Jan. 2016, doi: 10.1016/j.iheduc.2015.10.002.

[12] W. Rayens and A. Ellis, “Creating a Student-Centered Learning Environment Online,” Journal of Statistics
Education, vol. 26, no. 2, pp. 92-102, May 2018, doi: 10.1080/10691898.2018.1475205.

[13] 1. Joy, N. S. Raj, and R. v G, “An ontology model for content recommendation in personalized learning
environment,” in Proceedings of the Second International Conference on Data Science, E-Learning and
Information Systems - DATA '19, 2019, pp. 1-6. doi: 10.1145/3368691.3368700.

[14] S. M. Azizi, N. Roozbahani, and A. Khatony, “Factors affecting the acceptance of blended learning in
medical education: application of UTAUT2 model,” BMC Medical Education, vol. 20, no. 1, Dec. 2020,
doi: 10.1186/512909-020-02302-2.

[15] V. Venkatesh, J. Y. L. Thong, and X. Xu, “Consumer Acceptance and Use of Information Technology:
Extending the Unified Theory of Acceptance and Use of Technology,” 2012.

[16] A. A. Arain, Z. Hussain, W. H. Rizvi, and M. S. Vighio, “Extending UTAUT2 toward acceptance of
mobile learning in the context of higher education,” Universal Access in the Information Society, vol.
18, no. 3, pp. 659-673, Aug. 2019, doi: 10.1007/s10209-019-00685-8.

[17] K. Moorthy, T. T. Yee, L. Chun T'ing, and V. V. Kumaran, “Habit and hedonic motivation are the
strongest influences in mobile learning behaviours among higher education students in Malaysia,”
2019.

[18] S. Dasgupta, R. Paul, and S. Fuloria, “Factors Affecting Behavioral Intentions towards Mobile Banking
Usage: Empirical Evidence from India,” 2011. Accessed: Apr. 30, 2022. [Online]. Available:
https://www.researchgate.net/profile/Dr-Vikas-Gautam/publication/298 790347

[19] 1. Sripalawat, M. Thongmak, and A. Ngramyarn, *M-bankIng In Metropolltan bangkok and a CoMparISon
wlth other CountrleS,” 2011.

[20] H. Y. Wang and S. H. Wang, “Predicting mobile hotel reservation adoption: Insight from a perceived value
standpoint,” International Journal of Hospitality Management, vol. 29, no. 4, pp. 598-608, Dec. 2010,
doi: 10.1016/5.5jhm.2009.11.001.

[21] K. Nikolopoulou, V. Gialamas, and K. Lavidas, “Acceptance of mobile phone by university students for
their studies: an investigation applying UTAUT2 model,” Education and Information Technologies,
2020, doi: 10.1007/s10639-020-10157-9.

[22] K. Nikolopoulou, “Secondary education teachers’ perceptions of mobile phone and tablet use in
classrooms: benefits, constraints and concerns,” Journal of Computers in Education, vol. 7, no. 2, pp.
257-275, Jun. 2020, doi: 10.1007/540692-020-00156-7.

[23] K. Tamilmani, N. P. Rana, S. F. Wamba, and R. Dwivedi, “The extended Unified Theory of Acceptance
and Use of Technology (UTAUT2): A systematic literature review and theory evaluation,” International
Journal of Information Management, vol. 57, Apr. 2021, doi: 10.1016/}.ijinfomgt.2020.102269.

[24] B. Raad, R. Raheem, 2m Amirullah Khan, and D. Student, “THE ROLE OF E-LEARNING IN COVID-19
CRISIS,™ 2020. [Online]. Available: www.ijcrt.org

188





