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Abstract

This study was carried out to examine the difference between marker-based and markerless
augmented reality on learning outcomes of Biology students in Colleges of Education in
Nigeria The study adopted a quasi-experimental design. (Pre-test, post-lest non-equivalent
control group design). Fowr null hypotheses guided the study with NCE | Biology students in
2020/2021 academic session comprising 326 as the sample of the stucy. The instruments used
Jor data collection were the Biology Achievement Test (BAT) and Biology Retention Test
(RAT) Pearson Product Moment Correlation (PPMC) formula was used to determine the
reliability coefficient of BAT which vielded 0.79 and Cronbach Alpha formula was used for
OMSAR which also yielded 0.85 indicating that the instruments were reliable Jor the
The data was analyzed using ANCOVA 1o test the null hypotheses at 0.05 [e
significance. Findings revealed a statistically significant difference with moderate effect size
in the mean achievement, and retention scores of students taught Biology course using
Marker-based and Markerless Augmented Reality in Colleges of Education in North
Central, Nigeria. Similarly, there is a significant difference with small effect size between the
mean achievement scores of male and female students taught Biology course using Marker-
based Augmented Reality in Colleges of Education in North - Central, Nigeria, Based on
these Jindings, it was recommended among others that the teaching of Biology course in
Colleges of Education in North — Central, Nigeria should be given attention by College
administrators through the use of relevant instructional materials like marker-based and
markerless augmented reality. This is to ensure that Biology students are adequately trained

1o face the world of work with knowledge and experience to practice and deliver services
effectively,

study.
vel of

Keywords; Achievement, Application, Augmented Reality Application, Marker-based
Augmented Reality, Markerless Augmented Reality,
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L.1  Background (o the Study o _

As globalization continued to turn the world to a global village through mlorl.nallon
technologies, educational systems become dynamic and arc constantly being reviewed,
developed and adapted to the requirements of the time. Supporting the dynamic changc§,
educators had to increase the quality of educational output by integrating technologies in their
teaching (Aivelo and Uitto, 2016). This is necessary because, students are not only prepared
for the dynamic changes that may occur in education but are the prime movers of the change
process. It is worthy to note that students being digital natives are already conversant with the
landscape of technological developments; hardware, software, internet and social media sites.

Information and Communication Technology (ICT) is incre
tool for educational practitioners in the 21" century.
networking (the Internet and

asingly becoming an attractive
Educators now use computers, computer
intranet), peripheral devices and multimedia, and the range of
assistive technologies available for students with special educational nceds to facilitate
programs development, management and implementation of curricular contents in a more
clfective way. These technology tools have the potential to augment and transform classroom
learning and teaching by offering teachers and students with cducational resources which
extend their teaching and learning environment beyond the classroom (Sharma, 2016).

Balasubramanian and Saminathan (2016) highlighted that ICT support the aims, principles
and objectives of education by way of simplifying the me:

ans to which curriculum is
implemented. Notwithstanding, curriculum implementation require the creative use of ICT in
education which has the capacity t

0 increase the quality of students’ learning outcome. To
achieve this, teachers have to exploit the potential of ICT to complement their own
pedagogical practices by making students an active agent in their own learning. Piaget (2013)
clarified that “learning is an active process ol constructing knowledge, rather than simply
acquiring knowledge”. Thus. in a technology driven environment. ICT tools promote active
learning by enabling students to find, manage, cvaluate and use information retrieved from
CD-ROMs and websites. The process support students on their journey through construction
of new knowledge in a scientifically controlled laboratory experiment, discuss findings and
share their experiences with others using presentation sofiware and social media handles. ICT
are connecled to the possibilities for supporting students learning differentiation through the
creation of a specialized digital learning environment and the use of reinforcement software
like augmented reality 1o prompt for image and object recognition. Thus, the sophistication of
ICT has gone beyond using them for teaching, assessment and engagement with content, but
for innovations related to digitization of educational practice (Aivelo and Uitto 2016).

Augmented Reality AR was first developed in 1992 by the military and was called Virtual
Fixtures developed by the U.S. Air Force's (Henriksson, 2019). Akma, ef al, (2018)
envisioned that, there is need to digitize teaching and learning by integrating augmented
reality as one of the innovations that might drive impactful teaching and functional learning,
It is described as a structure of tools that allows an individual to view one or more virtual
objects in real world environment. AR technology makes it possible for viewing things in real
environment as an imagery attached to real location and objects (Bistaman, ef al., 2018). AR
is a term that describes the environment which combines reality and virtual with the aid of
computer so that the boundary between reality and virtual became very thin. The
manipulation of the virtual environment in the real environment creates a new learning
environment between teachers and students. AR emerges as a technology that may help
students develop their perception, learning and visualization skills and become interactive
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teachi : iah It " informati -ansler for teachers (Ali ef al., 2017).
caching materials with a high rate of information trans _ 4
Augmented Reality (AR) is an interactive experience where the real \.NOI'.Id is cnhancg or
completed by computer-generated additions, The process works well .wuh image recognition
and scene description with narrations; that is voice, image and text jointly describe the scene
of interest.

Building and using AR scenes combines active complex problem solving and lcamwork_lo
create engaging educational experiences to teach science, math or language skills, and studies
have found that this activity enhances student motivation. involvement, and engagement
(Sural, 2018). Furthermore, Akcayir & Akcayir, (2017) stated that AR technology has the
ability to render anything that may be hardly visualized in a classroom to 3D model
systematized for real-time recognition. Along with the rapid development of AR, it can now
be accessed from a user’s smartphone, in which the smartphone camera captures the ::cal
images and the system add necessary information about the images to the screen. AR consists
ol merging live images with virtual layers of information of three-dimensional (3-D) models
that include content, images, sounds, and videos as instructional formats in education systems
(Vogt & Shingles, 2013: Chang, ¢r al., 2016).

The AR technology supports student’s scamless interaction between real and virtual
environments and allows the use of a tangible interface metaphor for object manipulation
(Yuliono, ¢t al., 2018). This occurs by augmenting physical devices with virtual annotations
and illustrations. The digital content displayed in AR is registered in the physical world and
designed to provide the user with the mixed view of reality. Categorically, the applications
are generally designed to perform the functions of Marker — Based and Markerless AR in
which the former uses a physical object as a trigger, as the device detects the trigger, it
displays corresponding and preprogrammed digital information. While the later displays
digital information based on user's specific location and is enabled by internet connectivity.
In these applications, a user will view the marker and an overlay of digital information
appears for the user. This digital information can include pictures, three dimensional
animations, text, audio, and video (Mcmahon, 2014).

Vogt and Shingles (2013) described the diflerences between the two forms of AR and refer to
Marker-based as an object that when viewed by the AR application will trigger presclected
digital content. Examples include pictures, audio. and video that display for the user when the
user views the printed trigger.

Markerless AR is location-based and displays digital information based on a user's specilic
location. Thus, for the trigger to be activated, internet access and GPS is required to provide
accurate display of information. As such, it is called location-based AR because, it depends
on GPS, compass, internet, and other tools to recognize the user’s location and to display the
digital content corresponding to the user’s location. As the user moves the device, changes
orientation, or moves themselves, the device continues to update the AR view based on the
new situation (Yiu and Chen. 2021), Additionally, when these tools (AR) and resources are
effectively integrated for the purpose ol teaching and learning, it may simplily the

identification of specimens in a science class, guide the selection of samples in the field and
also motivate students.

The utilization of marker-based and markerless AR are uselul in teaching Biology; in which
the AR is used to build on how students interpret the real physical world. This approach has
helps in the development of a special type of interactive AR application especially in the field
of Biology in higher education. Therefore, educators have begun to seck classroom
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technologies that have the potential o help students learn actively and may improve their
understanding especially in subjects that are abstract in contents such as Biology (Morimoto
and Ponton, 2021). The adoption of AR in the educational setting could be in different
disciplines such as science, engineering, magnetic fields, electrical engineering laboratory for
distance education and astrophysics (Vogt and Shingles, 2013; Chen, ef al., 2017).

In the recent times, the applications of AR system in educational setting is gaining acceptance
among educators, instructional designers and researchers. This technology has been
successfully integrated into many broad fields of education, achieving promising results. For
instance, Almoosa (2018) identified its application in the ficld of Natural Sciences,
Mathematics and Statistics (52.50%), Social Sciences, journalism and information (15%),
Arts and Humanities (15%), and Engineering manulacturing and construction (15%). In
contrast, AR is yet to gain prominence in the fields of education in Africa and Nigeria
though, Kamarainen, ¢/ al., (2013) reported that AR was effective in supporting situated
lcarning in environmental science education, while Bistaman ef al., (2018) believes that there
are many benefits ol AR when integrated toward teaching and learning process.

The existence of AR in higher education is still daunting demanding for empirical
investigation. Again, research in the area of AR is at the nascent stage especially in Africa
specifically Nigeria. The available studies in developed countries had uncovered the
significance o' AR in expanding the possibilitics for teaching and learning both academically
and behaviorally (Akcayir and Akcayir, (2017). These authors believed that AR is such a
technology that offers a new educational approach that help learners to develop capacity for
critical thinking and deeper understanding of the concepts underlying scientific investigation.
Also, AR makes it possible to study abstract concepts such as three-dimensional shapes and
geometric objects, which are difficult to understand through a text book and conventional /
lecture method or a teaching method used which involves primarily, an oral presentation
given by a teacher in front of lcarners alone. Augmented reality merges any digital
information within real-world settings to clectronic information in a variety of media formats;
not only visual and graphic media but also text, audio, vidco and tactile, it is research
potential in educational settings is enormous (Chen, ¢f al., 2017; Almoosa, 2018). Lindgren
and Johnson-Glenberg, (2013) suggest that these innovative technologies can bridge the
“abstraction gap™ between cveryday experience and abstract understanding by creating a

controlled context for physical interaction with content from which abstract concepts can be
built.

The use of marker — based AR and markerless AR are useful in Biology contexts, where the
virtual representations can be used to shape how students interpret the physical world. This
approach has assisted in the development of a special type of interactive technology — based
medium especially in the field of Biology in colleges of education. Biology is one of the
aspects of science education. It is one of the important science subjects instructed in both
secondary schools and higher institutions in Nigeria (Salami, O., Oloyede, M. A., &
Adelioye, A. E.. 2019). Biology is a subject that engages students in various process skills
such as observation, clarifying, interpreting and predicting events, designing experiments,
organizing information, and reporting adequately. One primary function of biology tcaching
is to help the students understand and apply biology concepts, principles, theories, and laws.
Adenike, et, el (2019) observed that mastery of concepts in biology is difTicult to achieve
among students, and worse still, is assessing abstract concepts such as biological associations.
which are prerequisites to understanding other life processes. Due to the abstract nature of the
concepts of biological associations in biology, many students find these concepts difficult to
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comprehend, connections to previous knowledge and to apply the concepts to real life
situations. Therefore, 1o make Biology more relevant, enjoyable, casy and meaningful to
learners, adequate relevant technologies (instructional materials) need to be provided and
properly utilized as the teaching and learning situation may require.

Achievement can therefore be inferred as the behavior which a student exhibits within a
given time range or at the end of a given period of time. Academic achievement in Biology is
the quality and level of skills acquired and retained by students. Akor, (2017) and AL-
Dulaimi (2021) noted that students® cognitive or psychomotor achievement is quantified by a
measure of the student’s academic standing in relation to those of other students. The purpose
of testing an achievement is to help the teacher and the students evaluate and estimate the
degree of success attained in learning a given concept. Achievement in Biology therelore,
represents how fast the learner comprehend and retain a subject matter at a certain period of

time. The degree of a student’s cognitive achievement may be influenced by the ability to
retain learning.

Retention is the learner’s ability to recall, hold, often utilize and supply the attained
knowledge or skills in the future. In other word. Adeniji, et al.. (2018) refer to retention as the
ability to memorize and reproduce the learnt materials when the need arises. Retention of
learning is the repeated performance, skill or behavior earlier acquired by a learner. clicited
after an interval of time (Erbas and Demirer._2019). Retention is influenced by proper
assimilation and storage of gained knowledge or skills. The nature of student’s achievement,
retention in biology course especially in colleges of education is discouraging as few students
graduate every academic year (Amedu, 2015; Schneider & Preckel, 2017; Kése, ef al., 201 8).
This prompted the need to investigate whether biology education students are not motivation
with the current teaching methods? Reacting to this, Owino (2018) remarked that students
need motivation to learn biology.

Gender is a physiological phenomenon that divides individual into various categories such as
males and females with each having associated stereotypes, roles, dress etc. It is also said to
be the mental analogue of sex (Dirin, 2019). However, the ellect of difTerent technological
software learning approaches on gender and learning related outcomes such as academic
achiecvement, retention and students’ motivation cannot be overlooked in educational
rescarch, hence this study intends to examine the difference between marker-based and
markerless augmented reality on learning outcomes ol Biology students in Colleges of
Education in Nigeria.

Despite the importance attached to Biology as stated in the National Policy on Education
(FRN, 2009), students’ academic achievement is still unsatisfactory. Following this assertion,
the study projected that the teaching of Biology education course in colleges of education
does not involve much use of technology but predominantly characterized by conventional
teaching method. This often produce students who are less engaged. less attentive and
dependent upon memorization without having a total understanding of the course. Similarly,
as students failed to understand the concepts due to abstract nature of the course contents and
poor motivation to continue learning, retention of the learnt material also becomes difficult. It
is however, not known empirically whether gender variations influence Students learning of
biology related concepts in colleges ol education.

[n order to avert this ugly menace and produce a productive biology education graduates,
lecturers and students in colleges of education requires technological teaching and learning
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devices that are based on the ability to access a variety of information Sources, hands-on
practical and a friendly learning environment. This implies that when tertiary institutions
remain entwined with conventional teaching method and failed to explore cducational
icchnology tools and devices, it may become less relevant in producing efficient human
capital which will in turn undermine national growth and cconomic development of the
country (Franklin er al., 2014; World Council for Curriculum & Instruction, 2019).

The purpose for the study is to investigate the impacts of marker-based and markerless
augmented reality application on Biology student’s achievement and retention in Colleges of
LEducation in North — Central, Nigeria. More so, the result of the study is expected to provides
results on Markerless AR application proving to be effective in enhancing Biology student’s
achievement and retention. its responsiveness to students’ learning demand. adding up 1o
their curiosity and attention to learning Biology concepts in an interactive learning medium
which was not achievable with conventional learning environment and also proving to be

gender responsive for favoring both male and female students,

The study was limited to examine the dilference between marker-based and markerless
augmented reality on learning outcomes of Biology students in Colleges of Education in
Nigeria. Specifically, there are filteen (15) Colleges of Education in the North — Central,
Nigeria of both Federal and State (Benue, FCT, Kogi. Kwara, Nasarawa. Niger and Plateau)
out of which four (4) Colleges of Education (Federal College ol Education, Kotangora, Niger
State. Nasarawa State College of Education, Akwanga, Federal Capital Territory College of
Education, Zuba, Abuja and Kwara State College of Education Technical, Lafiagi) randomly

selected.

1.4 Research Hypotheses
The following null hypotheses are formulated and tested at 0,05 level of significance:

HO,. There is no significant difference in the mean achievement scores of male and female
students taught biological associations using Marker-based Augmented Reality in Colleges of
I:ducation in North — Central, Nigeria?

110,. There is no significant dilference in the me
students taught biological associations using Marker-

Education in North — Central, Nigeria?
ence in the mean achievement scores of male and lemale

HO;. There is no significant differ
students taught biological associations using Markerless Augmented Reality in Colleges of

Education in North — Central, Nigeria?
110,. There is no significant difference in the mean retention scores ol male and female

students taught biological associations using Markerless Augmented Reality in Colleges of

I:ducation in North — Central, Nigeria?

an retention scores of male and [emale
based Augmented Reality in Colleges of

2.0  Review of Related Literatures

2.1 Empirical studies on student’s Achicvement .

Safadel and White (2019) carryoul a study on Spatial understanding of molecules in
molecular biology in isolation and relation to their next elements. Augmented reality (AR)
was developed as a computer interface that cnables the users to see the real world with virtual
objects superimposed on it. Users can casily convert the molecules structures obtained from

protein data bank (PDB) to a 3D format and usc it with an AR application to study the
molecules from different perspectives. A sample of 60 college students was assigned
randomly to one of two conditions namely 2D and AR. At the end of the experiment,

40 | ¢ o




Faculty of Education, Al-likmah University, Horin, Nigeria

2 Biennial National Conlerence

Theme: Perspectives on Security and Safety Education: Research as a Panacea l
. . " i n . H HS The T lS

participants completed a comprehensive test and then a satisfaction questionnaire. ['he lcls{u '

of the study showed a significant dilTerence in the achievement between 2D and AR 1n

satisfaction, the media usability, perception, and apprehension.

Yiu and Chen (2021) carryout a study on Molecular Data Visualization with Augmemed
Reality (AR) on Mobile Devices. The AR was a computer-generated 3D model supcrlm13_0§0d
onto a real-world environment in real time. The application of AR in visualizing
macromolecular structures provide step-by-step guides on a standalone app Ollomol (108 and
Android). as well as an in-browser web app, WebAR-PDB. Both of them allow users o
specily entries from the Protein Data Bank (PDB) for an clementary AR experience. The
result showed that the application of AR enhances students” interactivity and imaginativity in
macromolecular visualization.

Onal and Onal (2021) conducted a study to determine the effect of teaching astronomy
through augmented reality (AR) on the achievement and interest level of gifted students and
their opinions about AR applications. The study design was an explanatory sequential mixed-
methods design. The sample comprised of 51 gifted students (26 in the control group and 25
in the experimental group) attending a Science and Arts Centre. In the application process,
the astronomy teaching activities supported with AR were used in the experimental group
while the astronomy teaching activitics suggested in the official science curriculum of the
middle school 7th grade were used. The data of the study were collected by using an
Astronomy Achievement Test and the Scale of Interest in Astronomy as a pretest and posttest
and an AR Interview form administered only to the experimental group students at the end of

the application.

The statistical analyses of the quantitative data revealed that before the experimental
application, the experimental and control groups were cqual in terms ol astronomy
achievement and interest in astronomy. Afler the completion of the application, however,
significant differences were found for both the experimental and control groups in favor of
the posttest. Morcover, significant differences were also found in the postiest in favor of the
experimental group in terms of both astronomy achievement and interest in astronomy. In
other words, AR-supported astronomy teaching activities positively aflected the experimental
group students’ astronomy achievement and interest in astronomy. [Furthermore, the
experimental group students expressed many positive opinions about the AR applications
within the categories of technical features and cognitive and allective features. The
experimental group students wanted the use of AR applications in the teaching of other
science subjects and other courses.

Cakir, ¢ al,, (2021) carryout a study on Integration of mobile augmented reality (MAR)
applications into the SE learning model in Biology teaching. A convergent parallel mixed
rescarch method is used. The study was conducted with the 31 preservice science teachers in
a General Biology Laboratory Course in the 2018-2019 academic year. As the data collection
tools, *Achievement Test with Open-Ended Questions”, “Attitude Scale towards Digital
Technology™ and *Semi-Structured Interview Form”™ were used. The evaluation of the
rescarch results indicates that MAR practices in the biology laboratory have increased the
academic success and positively affected the attitudes of preservice teachers towards digital
technology. Morcover, preservice teachers expressed that applications of MAR facilitated
their learning and understanding, making the lessons more attractive.
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i 1hcpdimcnsiao| “315‘—‘““0'\ approach was adopted with the partial st of two
he dli 1l test of visual thinking skills. The research population
l.cprcscmcd all the bClcnllﬁc-sdelllS of the fifth grade for morning ro‘vcrnnwm schools
affiliated to the General Directorate of Education of Baghdad /EKbarkh I, alshakerin
for boys was chosen intentionally, in which two groups were Chf;scn for this
group is chosen rzuu!omly as the control group via lottery, whereas the other
g nto be as ‘hff experimental group. The total number of slud;:nls are 53 students
76 students are chosen for Fl‘hc experimental group that were taught according 10 thc;
reality lcchn.lquc. I'he other group is the control group conéisling of 27 students
according to the _lradilional way. The results showed there is statistically a
experimental group in the visual thinking skills test.

Theme: |
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study. One
group is chose
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(hat were taught
significant difterence for the

Adcdok.un-ShittU../\Janl al'fd Nuhu, (2020) carried out a study on Augmented reality
instrucuonal tool in enhancing geography learners’ academic performance and retention in
Qsun state Nigeria. Physical Geography comprise abstractions leading to students’
conceptual difficulties, leading to poor academic performance and low retention. The study
engaged a visualization technology; Augmented Reality Instructional Tool (ARIT) to
examine Geography learners’ performance and retention when they are exposed to its’ use in
[carning Physical Geography concepts. Four rescarch questions were answered, while, one
hypothesis was tested at 0.05 level of significance. A mixed method research approach of an
experimental and survey designs was adopted. A multistage sampled intact class served as the
participants. Three test instruments: an open-sourced AR mobile application (ARSJA); an
adopted performance and retention test on physical geography (PRTPG): and a validated 7-
ltem questionnaire with a reliability value of 0.82 were employed as the rescarch instrument.
A retention rubric adopted based on Brown-Peterson Task of Memory was used as the
qualitative content analysis tool. The major finding of the study was that ARIT enhances
learners” performance and retention, and cqually embrace gender equality. The study
concluded, that the teaching and learning of Geography can be enhanced with the use of
ARIT.

Cetin and Tiirkan, (2021) investigate the Effect of Augmented Reality based applications on
achicvement and attitude towards science course in distance education process. A single

group pretest and posttest experimental design was used. The rescarch group consisted of 15
third grade students attending school during the 2020-2021 academic ycar. In the resecarch,
AR-based applications were designed for some gains aimed at the "Electric Vehicles" t,,heme
in the science course and these applications were sbown {o the students through the Zoom
program. The applications consist of 15 hours including pre and posttest. Rcscm:ch data were
collected through data sets obtained from success and attitude scales given before and after

the application. The findings obtained from the research show that the students' achievement
and attitudes towards the science course increased sngmﬁcamly with Augmented Reality

(AR) based applications.

22 Smpirics ios s 1 retention :
Huang L“::;.H(I;(‘)Ill;l)uét':zzc(:i“(:Lllllu::ln:::\'spll;:';:g:'y study comparing AR and Vl} l.cc;‘ht-wlog,lcs
\\\'ilh regard to their impact on [earning outcomes. such as reter Ofbs'c:ccg?cdlc:i?:l":g‘It(c):ls]l.
Specifically, the authors used {wo-conditions (AR VS VR) betweeln- Isu : JLd'lor 'u?d bt
college students science-knowledge retention in response 1o vl ']l‘ldau -lcSll)I/lS((Ni IO“))
information presented on a Samsung g4 smartphon€ application- 11 '
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and the AR s:cssmn. Participants from both groups were invited to re-sit the Ibrmalilccl;s‘irzf
weeks later 10 ord‘cr to assess whether they had retained the information. Ten participants
completed the re-sit attempt, which showed results comparable with those of group 2 4-\5ccks
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a Sll.lfiy on Augmented Reality Mobile Lcarning Applications
h design was Rapid Application Development model. The results
show that AR is a tool that improves idca visualization through virtual and real image
ables students to casily map physical characteristics and helps them create
rther discourse. Results also show that AR not only increases motivation
between student-student and teacher-student interaction.
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Amedu (2015), examined the eflect
using the jigsaw method. The samp
school. The study utilized an intact €

term. There were 39 males and 49 females.
1s. These ques

ntional Video. Virtual
such as gender

Perceptions ol Conve
¥ augmented

d the pcmonal factors,

Diflerences in
s virtual reality (VR

The study asscsse

Dirin, er al., (2019) study Gender
ologics such 2

L‘Uf{lil) and Augmented Reality-
illerences, of pereciving and adopting techt

43 |



r

of Education. Al-Hlikmah University, Horin, Nigeria
| National Conlerence
ctives on Security and Safety Education: Research
. - i

I.';]L‘ll“_\' 2
.,nd Bicl”“il
i - Perspe

Theme- as a Panacea

o (AR), and conventional video. Th . .
ILI:LIS l(()/\pcl)_lbrm experimenty on VR, AR,C afl‘]:d():’m\]\’d‘s quantitative in which students were
;chipﬂms were asked to fill out a predefined surv:;':g:)l::lu\]l?:os. /\.ﬂCI: the experiments,
cxperiments: T'he da.ila was analyze using mean, standard devi ‘emotional reactions to the
! unlike the prior research, that female naicin viation and t-test. The results
show. tmolowies il , aIC participants were more enthusiastic about tf
5020 of new technologies }mn males. The user experience of VR, AR and tonal
videos (riggered more positive emotions among females than I'I'I'llcq | o c.o.nvcn-lwnal
results suggest that the audio-visual technologies could cngag‘c mo;c rsc,',“:l)::spl;]a;?::;ﬁ;& e

il = «l .

Ibili & Billinghurst (2019) 'conduclcd a study on Assessing the Relationship betw
Cognitive Loqd and the Usa}nlily of'a Mobile Augmented Reality Tutorial S sllcnp' Acgl an
of Gender Eftects. The rc.lalxonship between perceived usefulness, the pc:'cci\)f,c;d c;.sc of :sg
and the pcrccivcd natural interaction factors and intrinsic, cxlranm;us germane cognitive Ioaci
were investigated. In addition, the effect of gender on this rclalionsh,ip was invcsl% sated. The
research results show that there was a strong relationship between the perceived C?]SC o-I' use
and the extrancous load in males, and there was a strong relationship between the perceived
uselulness and the intrinsic load in females. Both the perceived usefulness and the perceived
case of use had a strong relationship with the germane cognitive load. Moreover, the
perceived natural interaction had a strong relationship with the perceived uscfulness in
{emales and the perceived ease of use in males.

Ruth & Lachlan (2019) carry out a study with a title Pokémon Go-ing or staying: exploring
the effect of age and gender on augmented reality game player experiences in public spaces.
This study examines the perceptions and usage of public spaces by different demographics of
27 augmented reality gamers. Survey rescarch design was adopted with questionnaire as
instrument for data collection. The study finds that there are several statistically significant
differences between the experiences of men and women, and players ol dillerent ages
playing Pokémon Go in public spaces in Australia, particularly in their mobility, sense of

marginalization and sense of place.

Schaffernak, ef al., (2020) carrying out a study on the Potential Augmented Reality
Application Areas for Pilot Education: An Exploratory Study. The study identily potential
application arcas lor augmented reality (AR) in pilot cduculion_by adc_ircssing gender
preferences. Like the field of engineering, the aviation ind_uslry-ls' do!mnalcd F)y men.
Because the aviation industry forecasts a high demand lb_r p:!ols. it is I}lgllly dcs'u‘zlblc o
address gender diversity and improve teaching mcl.hc.mds in pll.ul cdycalmn. In this ‘sEud_v,
potential application arecas for AR-supported pilol‘lralmng were mvest_lgalubey Condu‘c.lm%-::
survey with 60 pilots and flight instructors (incll!dmg !2 women). T)éPlCﬂ e usc CﬂSuLS WX‘I;
presented in videos. and the pilots reported their prt':lcrcnccs regarding s.u:ut ar or o :lcx

applications used in different parts of the flight training program. AR navigation was the usc

> ale pilots. The majority of pilots
case tha st {11 oferred by both female and ma : jo! j ‘
e et )L’ISCd in theoretical instruction, pre-flight aircraft

dgreed that AR could potentially be = Iy eender groups showed similar
nspection, and procedure training. In, adiition; %L > 'blcrcstin' and engaging
5 SET " ¢ <

preferences for various gaming concepts that make learning more INeresting ¢
or various gaming a higher percentage of women than men

iUCh o fhceiving posilive feadbock. lIOch?r‘l to succcssi'ully {inish a task and answering
c . - . ‘- - :

Ported that achieving a target or receiving poul]uiling Loty in the game (0 attract attention
. s of this study can be

( i . . .
\]?lcsuons during the game werc satislying. nen. The result

Vas preferred by a higher percentage of men than wol i;' diversity in pilot education and
used to design AR educational concepts that support gendcl

other taphy.: B

ther technical domains.
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Urbano, ¢/ al. (2021) conducted a Case Study of AR Technology and Engineering Students:

|s There @ Gender Gap? The study secks to determine the factors influencing students’
intention 10 use Augmented Reality (AR) allows a deeper understanding on how students
react to the us¢ of such technologies in their training as engincers. This study aims to identify
the emotional and cognitive factors that influence the students’ intention of using AR in their
future pl‘ofCSSiOIw' life and to access possible gender differences. A group of about 150
undergraduate students from an Engineering and Industrial Management program had the
opportunity 10 explore AR applications related to contents addressed in Sensors and
Acluators course. A survey was designed and used with those students. Principal component
analysis resulted in three components named interest, easc of use and attitude. Logistic
regression analysis was conducted with these three components together with gender, as
predictors of intention of using AR in later professional life. Attitude turned out to be the
strongest predictor. This analysis has also shown that gender has no significant ellect.

carning strategy do not diminish

Buchner (2021) carry out a study on a title Generative |
al of 56 primary school students

y students’ attitudes towards augmented reality. A tot

lcarned with augmented reality (AR) lcarning materials either in an
d with AR and

primar
participated and
cxpcrimcnlal group or a control group. The experimental group learnc
additional learning strategics based on generative learning theory, namely, self-explanation

p learned only with AR. A survey instrument was developed

and sell-testing. The control grou
the mean values of the individual items were first assigned

for the study. To analyze the data,
o their respective scales. Gender differences were found for the accessibility subscale, with
male participants considering the AR technology to be casicr to access outside of the

classroom L00.

3.0  Methodology

This study adopted a quasi-expe
oroup design). The design entails th
cannot randomly assign subjects to a group,
group |, 11 and control group respectively. Ex
the pretest and posttest. The Experimental group onc
Experimental group two was exposed to Markerless (AR) while the control group was taught
using conventional lecture method. The pUpuImion for the study consisted of 3,152 Nigeria

Certificate in Education (NCE) Biology students in North Central, Nigeria. The sample for
2 males and 164 female’s students from three

the study was made up of 326 students 16

Colleges of Education in North - Central. The Colleges with common [eatures such as

cquivalent, composition, facilitics, exposure were sampled. The Colleges were randomly
based augmented reality application

assigned to each of the experimental groups marker — :
(MB). markerless augmenlcd reality applicalion (ML) and control group conventional lecture

method (CLM). The instrument used in this study is Biology Achievement Test (BAT)a 50 -
ilem covering topics in Biology used to collect data for both pre-test, posi-test, retention test

and Marker-based. The instrument was subjected to face and content validation by two
[ Federal University of Technology, Minna. To

experts from Science Education Department © 00
determine the reliability of the instrument, a pilot test was conducted within the targeted
Population but outside the sampled schools for the study. Test re-test method of
administration was used for (BAT) to NCE | Biology cducation students who were randomly
selected for the period of two weeks ‘nterval. The result obtained from pilot test conducted
was used for reliability test of the instruments. pearson Product Moment Correlation (PPMC)
lormula was used to determine the reliability coefTicient which yielded 0.79 indicating that

rimental design, (pre-test, post-test non-cquivalent control
¢ use of non-randomized sampling where the researcher
hence intact classes were used for experimental
perimental groups and control group were given
was exposed (o Marker-based (AR),
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(he ins o is reliable for the study. The instrument was letter administered to i

o serimen groups and the control group. They were made o c): I‘S circ < K G5

ctional L‘ﬂ_VN'UI“““C'“i Marker-based  Augmented  Realit p(nt\ichj:;l{( CI]lT\Atolf nlcw

d |:1calny (MLAR) and‘ Conventional Lecture Mcllmci (gl M). The s)l’ud 1115:1 T”zs)i

The ‘dam co'llcclcd‘ I'l‘om this research work were sl'\;isli;:all '\m[y'/c‘:;l using

descriptive and m.fcr_cnlml‘ statistics. The research questions were ‘unswcr yl i M ' " (0

and grandard Deviation (SD) while the hypotheses were tested at 0.05 lci(clu:rns% ,nif-,‘:f;.,fzz
ance (ANOVA) and analysis of covariance (ANCOVA) with&lhc aid of

gsing and

S Q etic Dok [ GY . i

computer 59 atistical Package for Social Scicnces (SPSS) version 23.0 was used for
. ‘ . «

{he analysts:

{rume
tal
jnstru
Au gmcnlc

2 weeks.

lysis of vari
fiware St

Results and Discussion
[10,: There is no signific
lapgh% Biological associations using Marker-based Augmented Rea
ation in North — Central, Nigeria

4.0
4.1
female students

Colleges of Educ

ant difference in the mean achievement scores of male and
lity in

Table 1: ANCOVA Analysis of mean achievement scores of male and female students on

{he use of Marker-based Augmented Reality

Source Sum of df Mean F-value  P-value

Squares Square

Corrected Model 1425.505" 2 712.753 6.110 .003

Intercept 126306.771 1 126306.771 1082.727 .000

Covariate (Pretest) 389.911 1 389.911 3.342 .070

*Gender 633.103 1 633.103 5.427 022*

Lrror 13065.486 112 116.656

Total 845536.000 115

Corrected Total 14490.991 114

a. S = Significant

e the differences in the mean achicvement scores of
al associations using Marker-based Augmented
The table revealed that Fany~=
led that there was a moderate

Table 1. ANCOVA was run Lo examin
male and female students taught Biologic
Reality in Colleges of Izducation in North — Central, Nigeria.
5427, P-value = 0.022 at P < 0.05. The effect size reved
difference between the groups, partial > — (46. Therefore, hypothesis onc was rejected.
Ihis indicates that there was a significant difference in the mean achicvement scores of male
and female students taught Biological associations using Marker-based Augmented Reality in
Colleges of Education in North — Central, Nigeria.
‘[!"2 HO,: There is no significant difference in the mean retention scores of male and
(f{l;lllulc students taught Biological associations using Marker-based Augmented Reality in
“olleges of Education in North — Central, Nigeria.
Fable 2: ANCOVA Analysis of Mean Retention Scores of Male and Female Students on
nted Reality

the use of Markcr-buscd Augme

a—
Mean

Source Sum of dr f
—— Squarcs Square

46 |
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T 1n a

Col.l-cclcd Model 2616.807 2 1308.404 5.976 003
Intercept 11643.064 | 11643.064 53.177 000
Covariale 153.124 I 153,124 699 405
(_.\chicvcmcnl)

+Gender 2614.998 I 2614.998 11.943 001*
Error 24522.323 12 218.949

Total 915940.000 115

Corrected Total 27139.130 114

S = Significant

Table 2: ANCOVA statistic was computed to examine the differences in the mean retention
scores of male and female students taught Biological associations using Marker-based
Augmented Reality in Colleges of Education in North — Central, Nigeria. The table revealed
that F iz = 11.943, P-value = 0.001 at P < 0.05. The effect size revealed that there was a
moderate difference between the groups, partial | 2 = 96. Therefore. hypothesis two was
rejected. This indicates that there was a significant difference in the mean retention scores ol
male and female students taught Biological associations using Marker-based Augmented
Reality in Colleges of Education in North — Central, Nigeria.

44 10;: There is no significant difference in the mean achievement scores of male and
female students taught Biological associations using Markerless Augmented Reality in
Colleges of Education in North — Central, Nigeria.

Table 3: ANCOVA Analysis of mean achievement scores of male and female students on
the use of Markerless Augmented Reality

Source Sum of Squares  df _ Mean Square F-value P-value
Corrected Model 5654.541" 2 2827.270 15.971 000
Intereept 105279.044 1 105279.044  594.708 .000
Covariate (Pretest) 244.098 I 244.098 1.379 243
*Gender 5450.139 1 5450.139 30.787 000
LError 18941.832 107 177.026

Total 749063.000 110

Corrected Total 24596.373 109

S = Significant

Table 3: ANCOVA was run to examine the differences in the mean achievement scores of

male and female students taught Biological associations using Markerless Augmented Reality
in Colleges of Education in North — Central, Nigeria. The table revealed that F 07y =
30.787, P-value = 0.000 at P < 0.05. The offeet size revealed that there was a moderate
difference between the groups, partial 2 = 223. Therefore. hypotl-lcsis three was rejected.
This indicates that there was a significant difference in the mean achievement scores of male
and female students taught Biological associations using Markerless Augmented Reality in

Colleges of Education in North — Central, Nigeria.

1 the mean retention scores of male and

45. MOy There is no significant diflerence ir ¢ an
sing Markerless Augmented Reality in

l(f‘““‘t‘ students taught Biological associations u
olleges of Education in North — Central, Nigeria.
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[heme: j
VA Analysis of Mcan Retention S .
able 4 ANCO ition Scores of Male and Femal
Tsb (he use of Markerless Augmented Reality IR SN0y o8
/
Souree Sum of Squares  df  Mean Square F-value  P-value
omected Model 25543.982" 2 12771991  59.863 000
Intercept 26757.246 | 26757246 125412 000
Covariate (Achievement) 1035.044 | 1035.044 4851 030
23518.021 | 23518.021  110.230 000

+Gender
22828.891 107 213.354

706428.000 110
48372.873 109

Error
Total
Corrected Total

M
§ - Significant

Table 4: ANCOVA statistic was computed to examine the differences in the mean retention
scores of male and female students taught Biological associations using Markerless
Augmented Reality in Colleges of Education in North — Central, Nigeria. The table revealed
that £ 1.00m = 1 10.230, P-value = 0.000 at P < 0.05. The elfect size revealed that there was a
large difference between the groups, partial 2 = 507. Therefore, hypothesis four was
rejected. This indicates that there was a significant difference in the mean retention scores of
male and female students taught Biological associations using Markerless Augmented Reality

in Colleges of Education in North — Central, Nigeria.

47. Discussion of Findings

The finding of the null hypothesis one indicated that the difference in their mean achievement
scores was significant with small effect size. The finding was supported by Schaffernak, ef
al., (2020) whose finding revealed a higher percentage of women than men reported that
achicving a target or receiving points to successfully finish a {ask and answering questions
during the game were satisfying. Similarly, the finding of Buchner (2021) also revealed that
gender differences were found for the accessibility subscalc, with male participants

considering the AR technology to be casier to access outside of the classroom too. Finding
in the mean retention scores of students

from null hypothesis two indicates that the difference ne :
was statistically significant. The finding was supported by Dirin, et al., (2019) whose finding
and retentive about the usage of new

showed that female participants were more enthusiastic ; . :
technologjes than males. The user experience of VR, AR and conventional videos triggered

more positive emotions among females than males. For practitioners, the rcs‘ulls showed that
1[1c audio-visual technologies could engage more females than ma!%‘s. I‘Ul‘thI‘n:lO]'c, the
linding of the null hypothesis three indicates that the difference in l.hcu' mean achicvement
Scores was statistically significant with moderate effeet size favoring male students. ".lhc
finding is not supported by Rukmani and Vasimalairaja (2021) who revealed that there is 2
Significant effect of augmented reality to enhance lateral thinking and af:ad‘cmlq Io'ngcvuy ol
high school students in both genders. The finding of the null hypothcsn§ lqtlr mdlcz_ucd that
“Y_t“ difference in the mean retention scores of students was statistically sngn_thc_anl w_llh large
llect size favoring female students. The {inding was nol supported by the linding of Reeves,
¢lal, (2021) who shou:cd that 1hc1';: s a move towards significance Emlf'l the combination of
‘olh lectures and the AR session among genders. 1 lowever, the linding agreed with 1hL.-
linding of iy S (‘)0251) o that the application of /}R .cnlmnccs students
ieractivity, fcmcmbrancc-and imaginability in macromolecular visualization.
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Based on the findings of the study, Marker-based augmented reality applicati dtob
effective in Tgnhallmln_[gl_lBIOIOEY students learning outcome in Collegespgf Eduocrzlut;i)cr:lvii N{c’)rt}:
_ Central, igeria. The superiority of marker-based was ; i 2
earning demqnd, but has adde‘d to their curiosity and anentl;grtl ?: ]l};arris;ﬂ:nlgli\cl){leow f:[:r?:: t:s
in an interactive learning medium which was difficult to achieved with traditior%ZI learnil;
environment. Ma{'kerless augmented reality application was also responsive to studenti
sensorimotor lea1.-nmg demand and had increased the learning outcome of students higher
than the conventional lecture method group. It is therefore effective in enhancing learnin
however, suf'fe}' some limitations like the need for Global Positioning System (gGPS) anﬁ
WiFi positipnmg system connectivity. Though, the interactivity and the display of
animations, image capture systems and triggers are all the same with marker-based but being
location inclined make it fall behind its counterpart.The marker-based and markerless
augmentcd reality proved to be gender responsive favoring both male and female students.
The differences observed the in their achievement and retention is not considerable to spur

attention.

5.2 Recommendations .
Based on the findings and conclusions of the study, the following recommendations were

made;

1. The teaching of Biology course in Colleges of Education in North — Central, Nigeria
should be given attention by College administrators through the use of relevant
instructional materials like marker-based and markerless augmented reality. This is to
ensure that Biology graduates are adequately trained to face the world of work with
knowledge and experience t0 practice and deliver services effectively.

2. The Federal Ministry of Education should endeavor to stimulate the production of
marker-based and markerless augmented reality in order to explore its potential in
Colleges of Education in Nigeria. Their use would not only increase students’
achievement but motivate students to retain concepts which were ordinarily difficult
to do so without the use of AR.

3. Building on students’ use of mobile devices in campuses of higher learning,

augmented reality applications should be installed on students’ devices loaded with
Biology concepts based on the course requirements by the ICT unit of the
Department. This is to prepare the mind of students regarding the concepts to be
treated as advance organizer to increase their achievement or as follow up review
after the completion of the course to increase chances .‘for knowledge retention.
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