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Abstract
Education plays a critical role in socicty, and educators use different methods, including augmented realitics,
to improve learning outcomes and students' academic performance. The focus of this study was to examine
the impact of marker-based and markerless augmented reality on students' performance in selected colleges
of education in North-Central Nigeria. The study adopted a quasi-experimental research design to survey
326 biology students using a random sampling method. The study used a well-structured questionnaire to
assess retention and achievement level in pre-and-post exposure to marker-based and markerless augmented
reality. The data were analysed using the Statistical Package for Social Sciences (SPSS). The results
indicated that the mean retention and achievement scores in post-exposure to marker-based and markerless
augmented reality were 87.91 and 77.35 against $5.01 and 81.15. The control group had mean retention and
achievement scores of' 59.70 and 59.79. The difterences between the mean retention and achievement scores
in the pre-exposure and post-exposure were significant at p < 0.05. The result shows that the correlation
coefticient was 0.796 at < 0.05, while the ANCOVA result was 7.461. This study concluded that the marker-

based method helped to improve the students' retention and academic performance in the selected colleges of
education.
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are continually v need of expertise depend heavily
on education, Investing in education helps society
become more conscious of pressing issues like
environmental preservation and global warming
(Karatag and Karatag, (20106). Every person has the
potential to alter the world, but the way this
alteration aflects society or anindividual depends on
individual aims mfluenced by their level of
cducation. Education is a long-term investment in
the welfare of all socictal members. Investing in
education helps society become more conscious of
pressing issues like environmental preservation and
global warming (Kobori et al., 2016).
The role of education in the lives of individuals and
society is not enough to emphasize due to its
importance. As a result, educators have continued to
devise means to improve teaching methods and
learning outcomes in formal and informal settings.
Most educators hope to continue the discussion that
supports lcarning outcomes and academic
performance through continuous professional
development (CPD). Also, cducators have
continued to practice ways to improve their
mstructional skills and capabilities. The word
"practice™ in educational discussion refers to the
acuivities teachers or educators engage in to improve
structions, preserve teaching and hone their
mstructional skills. Some educators believe that
teaching is a personal task, while others opined that
iis acollaborative activity. For instance, Richards et
al. (2018) opined that teaching was an individual
activity than a collaborative one, while Kern ef al.
(2021) stated that teaching should be a collective
task. Kern er al. (2021) make a case for K-12
physical educators who toil in isolation, claiming
that physical education instructors frequently labour
in remote locations, something they thought could
be resolved through connection and collaboration.
One major challenge to improving learning
outcomes is the difficulties in enhancing learning
results, which augmented reality technologies
address in the education industry (Lu and Liu, 2015).
Augmented reality is an integrated digital
information system into instructional materials or
their use (o bring the users' teaching or learning
environment to life in real-time. Unlike virtual
reality, which creates artificial environments,
augmented reality creates a real-world environment
with generated perceptual information overlaid to
give the users a real-time experience (Nayyar ef al.,
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2018).
There are six different types of augmented reality
classified into triggered and view-based
augmentation. Triggers in augmented reality are
stimuli that initiate augmentation, while view-based
augmented reality is digitized augmentations
without reference to the augmented (Edwards-
Stewart et al., 2016). Triggered augmented reality is
sub-classificd into marker-based, markerless,
dynamic and complex augmentations, while view-
based augmented reality is sub-classified into
indirect and non-specific digital augmented reality.
Application of any of these types of augmented
reality can improve learning outcomes and help
students to develop specialized knowledge.
The first group of students to adopt augmented
reality are called the digital natives—these people
who embrace the use of new technologies become
the first customers. This group believed that
augmented realities are tools that should be easily
accessible in the current portfolio. The second group
is the faculty, which consists of academic experts
who may have to or must undergo training before
incorporating these technologies into their teaching
strategics as solutions essential for success
(Fernandez, 2017). According to Ko and Rossen
(2017), nobody is more qualified to identify the
arcas where a student needs extra assistance than the
professors. Thus, the professors occupy scctions of
society where these learning opportunities with AR
would be most beneficial and complementary. The
third group arc institutions which must stake a wager
on these technologics and incorporate them into
their models of educational innovation. The effort of
institutions in adopting augmented reality will focus
on delivering good training that will increase the
quality of education rather than the highest degree.
The institutions can achieve this by simply making
trial gadgets available for users. The manufacturers
ol technological tools influenced the education
industry because their product users and events all
serve as building blocks for the growth of these new
ools.
One thing to grasp about augmented reality is that
they are tools with technological potential rather
than gadgets or even present applications. The
ultimate objective is to improve student outcomes
throughout the entire educational process, in which
the students are critical stakeholders. The sole goal
of these tools is to increase the proportion of students
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who can obtain the minimal information required
from instructional materials by developing
competencies. Every day, millions of specialists
across thousands of organizations strive to make
augmented reality come alive. Of all other ground-
breaking technological innovations, augmented
reality 1s only a tool to increase students'
understanding and academic outcomes. Also,
augmented reality improves the instructional skills
and teaching methodologices of teachers. This study
evaluates retentions and academic achievement
scores of NCE biology students in exposure to
marker-based and markerless augmented realities in
North-Central Nigeria.

Statement of the Research Problem

The challenges of current educational practice are
many, and they are primarily associated with
methods of instruction, teaching materials. the
teacher and the learners. The decisions regarding the
choice of subject matter, instructional stratcgics, and
delivery formats are frequently undertaken at

various educational levels and across subject arcas

without conceptual justification. This lack of

conceptual validation does not necessarily imply
that the cducators lack understanding of the
concepts. Rather, it emphasizes the necessity of
updating teaching methods or approaches to
material delivery, including adopting technologices
that address the current challenges in understudied
arcas or hard-to-grab concepts. Arcas that have
faced the most ch

allenge in the education sector are
students'

academic performance and lcarning
outcomes. According to Lu and Liu (2015), one
major challenge to improving leaming outcomes is
the difficultics in enhancing learning results, Al-
Hariri and Al-Haliami (2017) postulated that
adopting technologies could address some of the
challenges in (he education sector. Augmented
reality was pointed out as one such technology by
N"‘Yyﬂr et al. (2018). Augmented reality is an
thlegrated digital

information system into
structional mage

rials or their use to bring the users'
l!f‘n.ching orlearning environment 1o life in real-time.
1hl§ Study evaluates retentions and academic
achievement scores of NCE biology students in
EXposure (g Marker-based and markerless

augmented realities in North-Central Nigeria.
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Aim of the Research .

The aim of this study was to evaluate the retf:nlmn

and academic achievement scores of NCE biology

students in exposure to marker-based and
markerless augmented realities in North-Central

Nigeria.

Objectives of the Study

The objectives of this study are to:

i evaluate the impact of marker-based and
markerless augmented reality on sluc.ienl‘.s'
retention in the selected colleges of education in
North—Central, Nigeria. .

il determine the impact of marker-based and
markerless augmented reality on students'
achievement in selected colleges of education in
North—Central, Nigeria.

iii. examine the students motivation toward the
marker-based and markerless augmented reality

in the selected colleges of education in North —
Central, Nigeria.

Hypothesis
The study uses the null and the alternative
hypothesis in examining the impact of marker-based
and markerless augmented reality on students mean
retention and achievement scores in the sclected
colleges of education in North-Central Nigeria.

Null hypothesis (H,): the usc of marker-based and
markerless augmented reality in teaching biological
association has no significant impact on students
mcan retention and achievement scores in selected
colleges of education in North-Central Nigeria,

Alternative hypothesis (H
based and markerless augmented reality in teaching
biological association has significant impact on
students mean retention and achievement scores ip
selected colleges of education in North-Centra|
Nigeria.

)¢ the use of marker-

METHODOLOGY OF THE STUDY
The study adopted a quasi-exper
design to survey 326 students

population of 3152 Nige
(NCE) Biology student
The 326 students were
164 females from th
Education in

imental research
out of the total
ria Certificate in Education
s in North Central, Nigeria,
made up of 162 males and
ree selected C
North—Central, Nigeria,
employed a random sampling

administering a well-structured qu
designed to assess the level of re

olleges of
The study
method in
1Iestionnaire
tention and




achievement before and afler exposure to the two
types of augmented reality. The experimental groups
were labelled groups I, 1L and 111. Group 1 and 11 were
exposed to marker-based and markerless augmented
reality while group Il (the control group) were
taught with the conventional lecture method,

The questionnaire instrument used to study the
Biology Achievement Test (BAT) of the students
contained 50 — questions (item) covering topics on
Biological Association. The instrument was
subjected to face and content validation by two
experts from the Science Education Department of
the Federal University of Technology, Minna. A
pilot study was conducted for the group outside the
target population but the same NCE student to
determine the reliability of the study instrument. The
test and re-test method was used in the
administration (BAT) to NCE | Biology education
students within the interval of two weeks. The
administration of the study questionnaire was done
in a pre-and post-test mode for all three groups for
both student retention and achievement. The
instrument was administered to the two
experimental groups and the control group. The first
group were exposed to Marker-Based Augmented
Reality, the sccond group to Markerless Augmented
Reality and the Conventional Lecture Method
(CLM).

The data obtained were analysed for mean, standard
deviation and statistical significance using the
Statistical Package for Social Sciences (SPSS)
version 23.0. The data collected from this rescarch
work were statistically analyzed using descriptive
and inferential statistics. The Pearson Product
Moment Correlation (PPMC) feature of the SPSS
was applied to determine the rcliability coefficient
of the study instrument, The Analysis of Covariance
(ANCOVA) feature of the SPSS was used to test the
significance level of inean retention and mean

achievement scores obtained for each group of

Students in the pre-and post-test manner.

Table 1: Retent
l‘eaching Methods
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RESULTS

Objective one of this study examined the mean
retention scores of students taught biological
association using marker-based and markerless
augmented reality methods. The mean and standard
deviation result in Table 4.1 shows marker-based
and markerless augmented reality and the control
group. The marker-based augmented reality had a
mean retention score of 85.01 and 11.27 in the pre-
exposure and 87.91 and 15.43 in the post-test. The
result indicates a mean gain of 2.9 points increases in
retention, representing about a 3.41 % gain in
students’ retention ability after exposure to the
marker-based augmented reality teaching method.
The students taught with the markerless augmented
reality had mean retention scores and standard
deviation of 81.15 and 15.02 in the pre-test and
77.35 and 21.07 in the post-test. The result indicates
a 3.8-point loss in retention, representing about a
4.68 % loss in students' ability to retain after being
cxposed to markerless augmented reality. The
control group taught biological association with the
conventional teaching method had mean and
standard deviation scores of 59.70 and 14.96 in the
pre-exposure and 72.69 and 8.63 in the post-
CXposure, representing a gain of 12.99-points. The
12.99 point gain in mean retention score represents
about 21.76 %, indicating a significant increase in
the group of students’ ability to remember the taught
concept. These results imply that stude
biological associations using the three methods have
different retention abilitics in pre-and post-cxposure
to the teaching method. While the marker-basced and
conventional methods produce a 3.41 Y% and 21.76
Yo gain in students’ ability to retain, the markerless
augmented reality resulted in g 4.68 % loss in
retention ability. These results mean that the
students remembered more of the con

cepts taught
through conventional and marker-based methods
while losing rete

ntion with markerless augmented
reality.

nts taught

ion Scores of the Students Taught Biological Associations Using the Three

Experiment Groups N Pretest Posttest Difference Comment

% S x, SD X:—X, Gain or Loss
Marker-Based 115 8501 1127 8791 1543 2.90 “Gan
Markerless 110 81.15 1505 7735 21.07 -3.80 Loss
Control Group 101 5970 1496 72.69 8.83 12.99 Gain
Column Sum 326 225.86 41.28 237.95 45.33 12.09 2 Gain 1Loss
Key: N= Numb

cr in samples, X = Mean, SD= Standard Deviations



Objective two of this study examined the mean
achievement scores of students taught biological
associations using marker-based and markerless
augmented reality methods. Table 4.2 shows the
mean and standard deviation of the three groups in
the pre and post-exposure (o the three different
teaching methods. The mean achievement score and
standard deviation for the group taught with marker-
based 1s 42.80 with a standard deviation of 18.21 in
the pretest, while the mean achievement score of the
post-exposure is 85.01 with SD of 11.27. The mean
achievement result indicated again 42.2] points,
which represents a mean achievement gain of 98.62
%. This result revealed that the student's mean
achievement scores increased by almost 100 % after
exposure to the marker-based augmented reality
teaching method. The group taught with markerless

augmented reality had a mean achievement score of

4282 with an SD of 18.47 in the pretest, while the
mean achievement score of students in the post-
exposure was 81.15 with an SD of 15.02. This result
indicates that the mean achievement gain is 38.33
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points, which represents an 89.51 % gain in
achievement score. This result implies that the
students taught biological association with
markerless augmented reality had an 89.51 %
increase in mean achievement score after exposure
to the markerless augmented reality. The students
lectured the biological association with the
conventional teaching method, which served as the
control group, had a mean achievement score
(MAS) of 34.79 with a standard deviation (SD) of
14.838 in the pre-cxposure while the means
achievement score in post-exposure increased to
59.70 with an SD ot 14.96. The mean achievement
gain of the group was 24.91 points, which indicates
about 41.73 % gain in MAS in the posttest. These
results showed that the students taught biological
association with marker-based augmented reality
had higher mean achievement scores when
compared to the markerless augmented reality and
the conventional methods. This implies that marker-
based augmented reality outperformed markerless
and conventional teaching methods.

Table 2: Achievement Scores of the Students Taught Biological Association Using the

Three Teaching Methods

Experiment Groups N Pretest Posttest Difference Comment
X SD X2 SD X2 —Xi Gain or Loss
Marker-Based 115 4280 1821 85.01 11.27 4221 Gain
Markerless 110 4282 1847 8Il.15 15.02 38.33 Gain
Control Group 101 3479 14.84 59.70 14.96 2491 Gain
Column Sum 326 120.14 51.52 225.86 41.25 105.45 All

Key: N= Number in samples, X = Mcan, SD= Standard Deviations

The result in Figure 1 represents the per cent
guin/loss in achievement and retention scores of the
students taught biological associations using three
different teaching methods. The marker-based
teaching method had the highest percentage of
Achievement scores (98.62 %) in the post-exposure,
followed by markerless (89.51 %), while the
conventional teaching method had the least
achievement scores (41.73 %). The mean retention
Seoreresults show that the students taught biological

association with the conventional teaching method
had the highest retention score 0£21.76 %, followed
by 3.41 % obtained for the marker-based and the
markerless augmented reality teaching method
recorded a -4.68 % loss in the retention score of the
students. The results imply that marker-based
augmented reality performed better in achicvement,
while the conventional teaching method performed
better in retention,
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Figure 1: Comparison of Percentage Gain/Loss in Achieve

Three Teaching Methods

Objective three of this study was divided into two
sulﬁ-objccliws labelled A and B. Objective three A
cvaluate the motivation of students exposed to the
marker-based augmented reality. The result in Table

4.3 shows the mean and standard deviation of

respondents exposed to marker-based augmented
reality. The result revealed that the mean responscs
range from 2.37 to 4.69, which indicates negative
and positive responses. The result showed that the
marker-based AR attracted the attention of students
relevant to the concepts taught. The marker-based
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» Marker-Based
w ) arkerless

w Conventional

21.76

o,

-4.68

ment and Retention in Post-exposure to the

augmented rcality incrcased the students'
confidence in learning the biological concept and
satisfied their desire to learn. The cumulative mean
response of the students was 3.54, which represents
the mean decision of the students. Since the mean
cumulative decision is above the 3.0 decision mean
sct by the study, it implies that the respondents
agreed with the statements of the study. Hence,
students exposed to biological association concepts
using marker-based augmented reality had a high
level of motivation.

Table 3: Respondents' Opinion Based on Post-Exposure Experience on Marker-Based Augmented

Reality Method of Teaching

P —
SIN [?tatements

N, X SD | Decision

Biological associations.

The use of AR tcaching media arouses my attention in learning | 115

4.69 552 Agreed

learn biological association.

_\
The use of AR teaching media doesn’t arouse my curiosity to 115

2.66 1.235 | Disagreed

more relevany,

The use of AR teaching media makes Biological associations 115

4.42 761 Agreed

The
Students 1o attend the lectures.

use o AR teaching media does not stimulate Biology L5

2.64 [.149 | Disagreed

o learn Biology.

With the use o AR tcaching media students arc now motivated | 115

442 316 Agreed

lmdcrslanding of Biology.

The use of AR teaching media does not improve my i3

243 1.178 | Disagreed

.['])e use of AR ¢
1ology.

aching media has helped my assimilation in 15

4.50 a77 Agreed

The yse ofA
Bi
ology Jess ambiguous.

7713979177

R teaching media docs not make Iearning of [

2.62 1.089 | Disagreed

The yse oA

[

5 R teaching media has contributed towards my 115
Performance in Biology.

4.49 776 Agreed
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10 ]]]Olival‘:d to plll in more effort in their Sl'l.ldy, Y 115 2.49 1.079 DlsangCd
The use of AR teaching media arouscs the belicve that | cando | 115
4 petter in Biology. : : 4.68 615 Agreed
The use of AR lc:flcl_ung media does not arouse my interest i —
& sersonal study of Biology. " Ha 249 1.054 | Disagreed
’ﬁ’/ The usc of AR tcaching media has increased my understanding | 115 | 4.58 713 Agreed
' in Biology. :
17| The use of AR tcaching media docs not reduce Tear of paor 115|277 | 930 | Disagreed
crformance and failure in Biology. : g
75/ with the use of AR teaching media students are now sceing 115 | 4.43 389 Agreed
| Biology as a simple subject. .
,1_6_—— The use of AR teaching media has not improved studen ts 115 2.64 1.201 | Disagreed
experience in learing Biology.
“’f;’ﬁ The use of AR teaching media improves the performance of 115 | 4.37 863 Agreed
students in tests and examinations in Biology.
‘rg_'_F The use of AR teaching media does not enable the Biology 115 257 900 Disagreed
course outline for the semester to be fulfilled.
19| The use of AR tcaching media has contributed towards 115 | 446 | .958 | Agreed
student’s attendance to lectures at the end of the semester.
0 | With the use of AR teaching media Biology students arc not s | 237 1.021 | Disagreed
fulfilled with the outcome of the learning. :
Cumulative Mean 3.54

Key: AR= Augmented Reality, Decision mean=3.0, N, Sample size, X = Mean, SD= Standard Deviations,
| = 5 = Attention; 6 — 10 = Relevance; 11 = 15 = Confidence; 16 — 20 = Satisfaction

Objective three B of the study evaluate the
motivation of students exposed to biological
associations using markerless augmented reality.
The result in Table 4.4 shows the mean and standard
deviation of participating students exposed to
markerless augmented reality. The table reveals that
the mean responsce ranges (rom 2.12 to 4.87,
representing negative and positive motivation. The
markerless augmented reality increased students'
curiosity in learning relevant Biology concepls,

increased students' confidence and satistied their
curiosity about the taught concept. The cumulative
mean response of the student was 3.70, which is
above the 3.0 decision mean set by the study. Since
the cumulative mean is higher than the decision
mean, it implies that the students agreed with the
statecments. Hence, students exposed to the concept
of biological associations using markcrless
augmented reality had higher motivation.

Table 4: Respondents' Opinion Based on Post-Exposure Experience on Markerless

Augmented Reality Mcthod of Teaching

S/N | Statements s L - e
1 The use of AR teaching media arouses my attention in leamning 110 | 4.87 | .335 Agreed
Biological associations
— 4 T = [§
2 The usc of AR tcaching media doesn’t arouse my cur iosity to L {301 1972, | Agreed
learn Biological associati
L | gical associations. e ire
3 The usc of AR tcaching media makes Biological assoctations i | s | e
| more relevant. ¢ d
4 The use of AR teaching media does not stimulate Biology 1 356 1.9 3
| Students to attend the lectures.
: = 642 Agreed
5 \Vllh "\c use oliAR lcﬂching "]cdia s[udcl“s are now mOllvalLd to | 10 4.75 £
\6_____ learn Biolugy_ 110 3.47 1.209 | Agreed
The use of AR tcaching media does not improve my .
~7-‘__g’“_“d¢l'smnding of Biology. ——— (10 | 4.74 |.501 | Agreed
:_;hc use of AR teaching media has helped my assimilation in '
—_| Biolog 2
+ B . : 2 110 | 3.01 | 818 [ Agreed
8 Ihe use of AR teaching media docs not "nake lcarning of Biology 10
] less ambipuous. "-’-’—"’_’_’—J

216



AE-FUNAI JOURNAL OF EDUCATION.

p‘" [ The use of AR teaching media b

as contrib Ismy c
seafaniance i Biologs ributed towards my 110 | 4.70 | .599 | Agreed
70 | With the use of AR teaching media Biolog
: . students i

motivated to put in more effort in their Sll.s:t); s are not I e hereed

11 The use of AR teaching media arous s balic ]
ey ouses the believe that T can do 110 | 4.80 |.521 | Agreed

12 | The use of AR teaching media does not a i i i
b arous 'C C

pecsonal stidy o Blgl sy use my interest in 110 | 2.75 |.744 | Disagreed

13 The use of AR teaching medi S inere; T
Rislgg: 2 media has increased my undcl.'smndmg in 110 | 4.04 | .726 Agreed

14 The usc of AR lcuf:llling media does not reduce fear of poor 110 | 2.17 | .702 Disagreed

| performance and failure in Biology. I

15 \\{:lh the use o.l' AR teaching media students are now seeing 10 | 4.75 | .638 Agreed
Biology as a simple subject.

16 The use of A.R media do not improved the lecaming experience of | 110 | 2.14 | .710 Disagreed
the students in Biology.

17 The use QFAR teaching media improves the performance of 110 4.12 | .377 'Ké,rccd
students in tests and examinations in Biology.

18 The use of AR teaching media does not enable the Biology course [ 110 | 2.85 |.719 Disagreed
outline for the semester to be fulfilled.

19 The use of {\R media in teaching contributed towards student’s 110 | 4.65 | .098 Agreed
attendance in lectures at the end of the semester.

20 With the use of AR teaching media Biology students are no t o | 222 |.759 Disagreed
fulfilled with the outcome of the leamning.
Cumulative Mcan Score for Markerless Augmented Reality 3.70

Key: AR= Augmented Reality Decision mean=3.0, N, Sample size, X = Mean, SD= Standard Deviations;
I =5 =Attention; 6 — 10 = Relevance; 11 — 15 = Confidence; 16 — 20 = Satisfaction.

Testing of Hypotheses

The results in Table 4.5 show the comparison of
mean achievement score of the marker-based,
markerless and the control groups. The result
indicated that there is significant difference between
the three with F-value of (¥ . .,;,)) 7.461 at P < 0.01
and 0.05. The significant difference observed in the

mean achievement score of students after exposure
to treatment conditions may be attributed to the
treatment or other factors. One of such factors that
may be responsible for the signiticance is the
original mean achievement score of the students
which indicated that the mean score of the group
were not the same from the start of the experiment.

Table 5: Comparison of Mean Achievement Scores of Students Taught Biological

Association Using the Three Teaching Methods

Source of Variation Sum of Squares df Mecan Square  F-value  P-value
Between Groups 4480.136 2 2240.068 7.461 001
Within Groups 96977.397 323 300.240
Total 101457.534 325

The difference in the means achievement scores 1S
significant at 0.05 level.

In order 10 ascertain the validity of the significance
from the above ANCOVA was conducted to
examine the differences in the mean achievement
Scores of students taught Biology course using the
marker-based and markerless au gmented real ity and
the control group. The result in Table 4.6 revealed
that the F-valye of (F .....) 99.332 was significant at

(2.0

P < 0.01 and 0.05. This indicates that there was a
significant difference in the mean achievement
scores of students taught Biological associations
using marker-based and markerless augmented
reality in Colleges of Education in North — Central,
Nigeria. The size eflect revealed that there was a
moderate difference (partial n°, =.382) between the

groups which led to the rejection of hypothesis one.
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Table 6: Normalized Mean Achievement §¢
and Markerless Augmented Realit

AE-FUNAI JOURNAL OF EDUCATION.

ores of Students Exposed to Marker-Based

gource Sum of Squares  qf Mcawl_lws—(iuare F-value P-value
Corrected Modcl 39115.013 313038338 68348 000
Intercept ' 294188.818 1 294188.818 1542.153  .000
Covariate (Achicvement)  40.138 1 40.138 210 647
*Achievement 37897.991 2 18948995 99332 000
Error 61426.315 322 190.765

Totl 1976987.000 326

Co:‘l‘CClCd Total 100541.328 325

The difference in the means achievement scores js significant

1n order to find the point of ditference as indicated
by ANCOVA, a Sidak pairwise analysis was
ngducicd. The result of the pairwise comparison in
Table 4.6 showed that there was significant
difference (P <0.05) between the control group and
the group taught with marker-based augmented
reality. Also, the pairwise comparison shows
significance between the group of students taught
with markerless augmented reality method and

at 0.05 level.

those taught with conventional method (control
group). The pairwise comparison show no
significant difference in the mean achievement
score between the groups taught with the marker-
based and the markerless augmented realities. The
results indicated that the marker-based and the
markerless augmented reality methods of
instructions have impacted positively on the
achicvement score of the students.

Table 7: Sidak Post-hoc Pairwise Comparison of the Means Achievement Scores of
Students Taught Biological Association Using the Three Teaching Methods

Method 1 Method J Mean Difference (I-J) Std. Error Sig.b
Control Group Marker-based -25.469* 1.917 0.000
Markerless -21.615* 1.936 0.000
Marker-based Control Group ~ 25.469* 1.917 0.000
Markerless 3.854 1.842 0.108
Markerless Control Group ~ 21.615 1.936 0.000
Marker-based -3.854 1.842 0.108

The difference in the mean achievement score is significant at 0.05 level.

Toascertain (e validity of the significance from the
above analysis of covariate (ANCOVA) was
“onducted 1o examine the differences in the mean
felention scores of students taught Biology
f‘*ﬂﬂt‘ialions using the marker-based and markerless
dgmen(eg reality and the control group. The result
’l';gl("@“;i:t:vgz}Ifd that the F-value of (¥ .z.,m_:)‘

> signtticant at 2 < 0.01 and 0.05. This

result indicates that there was a signiticant
difference in the mean retention scores of students
taught Biological associations using marker-based
and markerless augmented reality in Colleges of
Education in North — Central, Nigeria. The result of
the size etfect revealed that there was a small
difference (partial nzp = .086) between the groups
which led to the rejection of hypothesis two.
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Table 8: Normalized Mean Retention Score
Using the Three Teaching Methods

$ of Students T

AE-FUNAI JOURNAL OF EDUCATION.
Aaught Biological Associations

Source Sum of Squares DI Mean Square F-value P-value
Corrected Model 13948.1102 3 4649.370 18.183  .000
Intereept 53996.011 I 53996.011 211.174  .000
Covariate (Retention) 623.770 I 623.770 2.440 119
*Retention 7783.288 2 3891.644 15220  .000*
Error 82333.718 322 255.695

Total 2163526.000 326

Corrected Total 96281.828 325

The difference in the me

In bid to find the point of ditference as indicated by
ANCOVA, a Sidak pairwise analysis was
conducted. The result of the pairwise comparison of
the mean retention scores in Table 4.8 showed that
there was significant diflerence (P <0.05) between
the control group and the group taught with marker-
based augmented reality. Also, the pairwise
comparison of the means retention score shows
significance between the group of students taught
with markerless augmented reality method and

Table 9: Sidak Post-hoc Pairwise
Taught Biological Association U

ans retention scores is significant at 0,05 level.

those taught with conventional method (control

group). The pairwise comparison show no
significant difference in the mean retention score
between the groups taught with the marker-based
and the markerless augmented realities. The results
indicated that the marker-based and the markerless
augmented reality methods of instructions have

impacted positively on the mean retention score of
the students.

Comparison of Means Retention Scores of Students
sing the three Teaching Mecthods

Method I Method J Mean Difference (I-J)  Std. Error Sig.”
Control Group Marker-based -12.671* 2.724 0.000
Markerless -2.491 2.602 0.711
Marker-based Control Group 12.671* 2.724 0.000
Markerless 10.179* 2.147 0.000
Markerless Control Group 2.491 2.602 0.711
Marker-based -10.179 2.147 0.000

The differepce in the means retention scores is significant at 0.05 level.

Discussion of Findings

This study found statistical significance between the
Means achievement scores of students taught
blu!ogical associations using marker-based and
Marker|egg augmented reality teaching methods.

The group of students taught with marker-based
dugmenteq realit

thap those

"eality ang ¢

y had higher achievement scores
taught using markerless augmented
Vildaieq onvcnlion'al mclhoc?s. Thcf finding wluf
o y the test of hypollu_tsls carried out on tu:
Clfeeq Tlmv,c.mcm scores with a moderate sizce
sludel-us]er I3‘11|'W|s? comparison alsolrevealcsj that

taught biological associations using a
Used teaching method achicved better
anthose taught with markerless augmented

Markey.,
resulg th

reality. The underlying reason behind the higher
achicvement score of students exposed to marker-
based augmented reality was based on the fact that
tagged images, objects and locations brought to life
the concept that was taught with interactive digital
content. Kysela and Storkova (2015) shared this
view and encouraged the use of augmented reality to
improve students' performance and learning
outcomes. The video, animations and 3D scenes
without the nced for connection to Global
Positioning System (GPS) and WiFi positioning
system made the associations .explicn and self-
explanatory, thereby increasing the studcnt.'s
understanding and improving their academic
performance.
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Advocates of augmented reality like Kysela and
Storkova (2015), Zhao (2018), and Kose and Giiner-
yildiz (2021) believe that the use of augmented
reality rechnology in teaching or as a teaching aid
help to engage students not only through the sense of
hearing but also through the sense of sight, thereby
deepening concentration and understanding. Most
{heorist educationists believe that engaging more
censes in learning a particular subject lead to better
outcomes and performance of the students. The
reason is that content augmentation helps the
students sce the pictures and images of the biological
association. Hence, it makes the learning process
hoth simplified and engaging.

These findings were consistent with the findings of
Schlesinger ef al. (2021), which showed that
students performed better and had a high mean score
on learnability and satisfaction when taught using
the AR-SiS application. Yuliono ef al. (2018) also
reported similar findings when they studied the
prominent role of augmented reality. The study
stated that the application of augmented reality
improved students’ knowledge and understanding of
the materials and enhanced lcarning outcomes,
pedagogical processes and interactions between
student-student, teacher-student and the student-
material. In another study, Safadel and White (2019)
found that augmented reality supported learning on
the physical, cognitive, and sociocultural
dimensions. Safadel and White linked the
significant difference in the mean achievement and
satisfaction to media usability, perception and
apprehension created by the virtual aids with the use
of 2D and augmented reality. The finding also agrees
with Onal and Onal (2021). Onal and Onal (2021)
found significant differences between prc-and post-
test results of achievement and interest in astronony
in favour of the experimental group. The conclusion
of Onal and Onal supported the use of augmented
reality in teaching and learning activitics because of
the positive impact on the cxperimental groups.
Students taught with augmented reality always do
?ctlcr in mean achicvement scores, satisfaction and
ihterest in learning,.

On students' retention, this study found that students
fﬂught biological associations using marker-based
Augmented reality had significantly higher retention

AE-FUNAI JOURNAL oF lwclflal.

il [ erless
ability than those taught using markerle

and conventional. The

augmentcd reality _
pported this

corresponding null hypothesis su

finding, which indicated that the difference in the

mean retention scores of students was statistically

significant. The findings of the pairwise
also confirmed the significance of the pr
test results. It showed that the marker-based and
ed reality contributed to higher
retentions when compared to the control group
(conventional method). This finding agrees with Yiu

and Chen (2021). Yiu and Chen (2021) stated that
cd reality enhancces

comparison
¢c-and post-

markerless augment

the application of augment
interactivity, remembrance and imaginability. The
students were ablc to visualise the taught matcrials at
macromolecular. It was also consistent with the
finding of Reeves et al. (2021), who found that there
is 2 move towards significance with the combination
of both lectures and the augmented reality session.
Rukmani and Vasimalairaja (2021) found that
augmented reality enhances lateral thinking and
academic longevity of high school students of both
genders. The adage that 'secing is belicving' plays a
significant role in the outcomes obtained from
different studies on augmented reality because the
students not only heard but also saw the picture
shreds of evidence of the taught topic in the
classroom. Virtual display ability is a fact that placed
augmented reality methods of teaching (whether
marker-based or markerless) over conventional
methods as used for the control group.

Conclusions

This study concludes bascd on the findings that the
marker-based augmented reality method was more
effective in teaching biological association in
Colleges of Education in North — Central, Nigeria
because it enhanced the students learning outcome.
The superiority of marker-based over markerless
and conventional method of teaching because it was
more responsive to students' learning demand,
increased their curiosity and attention to conceplts in
a more interactive way and eliminated some of the
ditficulties associated with the traditional learning
environment. Markerless augmented reality method
was also responsive to students' sensorimotor
learning demand and had increased the learning
outcome of students compared to the conventional
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jecture method. It was more effective than the
conventional method because it enhanced learning,
achievement and retention. However, the limitation
of the markerless augmented reality was that its
Global Positioning System (GPS) and WiFi
positioning system connectivity were disabled. The
disabling of the GPS and WiFi PS reduced its
efficiency ceven though the interactivity and the
display of animations, image capture systems and
triggers were the same as those of marker-based

augmented reality.
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