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ABSTRACT
[bookmark: _GoBack]
ABSTRACT
[bookmark: __DdeLink__30560_1196613698][bookmark: __DdeLink__154_4229804153][bookmark: __DdeLink__158_4229804153][bookmark: __DdeLink__156_4229804153][bookmark: __DdeLink__29629_1196613698]Drawing and visual literacy skill are essential to the success of not just visual art students but also science students and biology students in specific, because biology is the most visually intensive among the science subjects. However studies have shown that students are having challenges with visual literacy skill in biology in Nigeria. This study looks at the effectiveness of the Technology-Education-Art (TEA) application to mitigate these problems. The study used a mixed quantitative and qualitative approach for data gathering. The sample comprised 85 students from two higher institutions in Lagos states. The intact classes of these institutions were used as experimental and control groups. Two instruments - Questionnaire on Student’s Attitudes to Biological Drawing (QSABD) and Students’ Perception about TEA Interview Guide (SPTCIG) - were used to collect quantitative and qualitative data. The QSABD instrument had a reliability value of 0.87. The experimental group were exposed to the TEA application while the control group students learn with the traditional lecture method. The quantitative data gathered were analysed using descriptive and inferential statistics, Research question was analysed using analysis of covariance. The results showed that there is no statistically significant were attained for the attitude of students towards biological drawing. Output of the qualitative data however showed that the students perceived TEA as viable tool for learning biological drawing. Based on the findings of this study and within its limitations, it was recommended that visual literacy skill for science students should be given more attention and relevant authorities should adopt technology for personalized learning experience and AI should not be seen as a treat to learning but as an important tool to support teachers. 
Keywords: Educational technology, artificial intelligence, biological drawing, visual literacy.

INTRODUCTION
[bookmark: __DdeLink__10814_23042342201][bookmark: __DdeLink__93116_16749729511][bookmark: __DdeLink__30227_1196613698]Biological drawing is the use of technical illustration to visually communicate the structure and specific details of biological subjects of study. This can be used to demonstrate anatomy, explain biological functions or interactions, direct surgical procedures, distinguish species, and exposing what is unseen in the natural world through external representation using drawings ("Biological illustration", 2022).
[bookmark: __DdeLink__24433_213033972][bookmark: __DdeLink__10814_2304234220]A visually literate individual is both a critical consumer of visual media and a competent contributor to a body of shared knowledge and culture.  Studies also revealed that students have difficulty in drawing and visual literacy in biology and other science subjects. In a study by Afolasade and Olufunke (2018) which examine the level of visual literacy of students in biology and the effect of visual literacy on biology learning, the result from the study shows that majority of the respondents have low level of visual literacy with 86.7% of the respondents scoring below 50% on Visual Literacy Scale. The authors also noted that biology is considered to be the most visual of the sciences and has a long history of the use of imagery for defining and linking concepts in living systems . 
[bookmark: __DdeLink__14094_831812312][bookmark: __DdeLink__30514_1196613698]From the outcome of United Nations Educational Scientific and Cultural Organisation (UNISCO) Beijing Consensus on Artificial Intelligence and Education (2019) one of the conclusions of the international body is that Artificial Intelligence (AI) has the potential to address some of the biggest challenges in education today, innovate teaching and learning practices, and accelerate progress towards Sustainable Development Goal (SDG).
However the major challenge with global technology is that Africa is always the least continent to catch up with such technological advancement if at all she did, it is on this basis that this study aim at using web and artificial intelligent technology in solving the identified problem.

[bookmark: __RefHeading___Toc39537_2923074602][bookmark: __DdeLink__975_1265374565]RESEARCH DESIGN
[bookmark: __DdeLink__11807_1852878380][bookmark: __DdeLink__7728_1916691917][bookmark: __DdeLink__11807_18528783801]Research design that was used for the study is a 2x2 factorial with method of teaching at two levels (TEA and lecture method) and gender at two levels (male and female). The study was an explanatory sequential design that involved a mixed method of quantitative and qualitative approach to data gathering. Both approaches were used in to provide a comprehensive analysis of the problem and add a greater depth of focus. The quantitative approach was a pretest-posttestst quasi-experimental design to examine the impact of TEA and Lecture method on students’ attitude to biological drawing. The qualitative approach of the study was based on narratives from the students.

[bookmark: __RefHeading___Toc39539_2923074602]Variables of the study
The following independent, moderator and dependent variables will be considered for this study.
Table 1: Variables of the study
	Independent Variables
	Moderator  Variables
	[bookmark: __DdeLink__26190_17893593862]Dependent  Variables

	[bookmark: __DdeLink__23097_412085517311]Method of instruction
(TEA Vs Lecture)
	Gender (male, female)

	[bookmark: __DdeLink__178261_8569923321][bookmark: __DdeLink__651_8160807511][bookmark: __DdeLink__13341_137874397311][bookmark: __DdeLink__13345_137874397311][bookmark: __DdeLink__13332_1378743973111]Attitude to biological drawing



[bookmark: __RefHeading___Toc39541_2923074602][bookmark: __DdeLink__39367_1852878380]Population and Sample
[bookmark: __DdeLink__39372_1852878380][bookmark: __DdeLink__20769_4020092951][bookmark: __DdeLink__178428_8569923321]The population for the study comprised all year three biology education students  in Lagos state.  With estimated number of 80,000 spread across six higher institutions. Purposive sampling technique was used to select the sample, as they were drawn from the intact classes of two public higher institutions on the basis of convenience and no particular interest within the population from Lagos state.  A total of 85 biology education students in the two intact classes of the selected schools participated in this study. The classes were assigned to experimental (TEA) group and control (lecture method) group respectively. Students in the TEA group was 54 (male 12, female 42) and the lecture group had 31 students (male = 7, female = 24).
[bookmark: __RefHeading___Toc39549_2923074602][bookmark: __DdeLink__15515_402009295]Research Instruments
[bookmark: __DdeLink__12846_4046253470][bookmark: __DdeLink__977_1265374565]The following instruments was developed and used for data collection: 
[bookmark: __DdeLink__14002_4038722001][bookmark: __DdeLink__14089_4038722001][bookmark: __DdeLink__7677_32576480031][bookmark: __DdeLink__13976_40387220011][bookmark: __DdeLink__979_12653745651][bookmark: __DdeLink__25712_35677488971]a. Questionnaire on Student’s Attitudes to Biological Drawing (QSABD)
[bookmark: __DdeLink__2970002_1139684677][bookmark: __DdeLink__971_1265374565][bookmark: __DdeLink__25985_1196613698][bookmark: __DdeLink__3003105_11396846771]b. Students’ Perception about TEA and Biological Drawing Interview Guide (SPTBDIG) 
[bookmark: __RefHeading___Toc39553_2923074602][bookmark: __DdeLink__7677_325764800312][bookmark: __DdeLink__13976_403872200112][bookmark: __DdeLink__979_126537456512][bookmark: __DdeLink__25712_356774889712][bookmark: __DdeLink__14002_40387220011][bookmark: __DdeLink__10105_1095249656]Questionnaire on Student’s Attitudes to Biological Drawing (QSABD)
Development
[bookmark: __DdeLink__20731_16613047631][bookmark: __DdeLink__448311_1095249656]The questionnaire instrument was developed by the researcher to collect data on students attitude toward biological drawing. The instrument was developed to have two sections - Section A sought demographic data of the students, while Section B contained 22 items on a four-point rating scale of strongly agree, agree, disagree and strongly disagree. The items were equally positively and negatively worded.

[bookmark: __DdeLink__13714_166130476311][bookmark: __DdeLink__14099_40387220011][bookmark: __DdeLink__14102_403872200111]Validation and Reliability
[bookmark: __DdeLink__485774_1095249656][bookmark: __DdeLink__39525_301390512411][bookmark: __DdeLink__20867_4020092951][bookmark: __DdeLink__485768_1095249656][bookmark: __DdeLink__421861_1095249656]The research instrument was subjected to face and content validity by respectable science education researchers from the Lagos State University, they looked at the adequacy of the items in line with the research questions as well as the rating scale. To ascertain the reliability of the instrument, the instruments was administered to 104 students in the pilot group via Google form, and the data was  downloaded and analysed using IBM-SPSS and a Cronbach alpha reliability of 0.87 was obtained for the instrument. 

[bookmark: __RefHeading___Toc39559_2923074602][bookmark: __DdeLink__3913_746311069][bookmark: __DdeLink__25989_1196613698][bookmark: __DdeLink__3003105_113968467711][bookmark: __DdeLink__25991_1196613698]Students’ Perception about TEA and Biological Drawing Interview Guide (SPTBDIG)
[bookmark: __DdeLink__3003103_1139684677]Development: This instrument was designed to obtain in-depth information about students’ perception on the use of TEA  and Biological Drawing. The instrument was developed to have two sections - Section A sought demographic data of the students, while Section B contained three open-ended questions to obtain the desired response on their perception about the use of AI in grading biological drawings.
Trustworthiness: Unlike the quantitative data that determines the validity and reliability of the instrument, the qualitative data ensures trustworthiness of a qualitative instrument. The trustworthiness of the SPTBDIG was determined by credibility to ensure accurate findings. This was achieved by a rich, thick description to clarify the objectives of the instrument during the development and also the inclusion of negative or discrepant information. The last step to ensure the credibility of the instrument was collaborating with external peers that have similar knowledge of the study.

[bookmark: __RefHeading___Toc39563_2923074602][bookmark: __DdeLink__12673_1661304763][bookmark: __DdeLink__11823_1852878380]Procedure for data collection
[bookmark: __DdeLink__1644472_611909921][bookmark: __DdeLink__547274_611909921][bookmark: __DdeLink__1152232_611909921][bookmark: __DdeLink__5174125_611909921][bookmark: __DdeLink__1799908_611909921][bookmark: __DdeLink__1884354_611909921]Letters of introduction from the university authority was obtained and presented to the head of departments (HOD) of the sampled higher institutions for permission to carry out the research in their institutions. After seeking clearance from relevant authorities, the objectives of the study were explained to the HOD and Lecturer in-charge of the course. Next in the line of data collection was the administration of pre achievement and pre attitude test. The following were the order of activities carried out in each week of the study:
· In the first week, the selected institutions involved in the study were visited to seek their consent and approval. This was followed by the explanation the objectives of the study to HODs and Lecturers in-charge of the course.
· [bookmark: __DdeLink__4256226_611909921][bookmark: __DdeLink__3294599_611909921][bookmark: __DdeLink__26029_1196613698][bookmark: __DdeLink__3910_746311069]Two weeks was used for the administration of the pretest to the two institutions. (Administration of QSABD)
· [bookmark: __DdeLink__5250082_1311076119]The treatment (TEA and Lecture) was implemented in four weeks. 
· [bookmark: __DdeLink__15565_3446896245]Two weeks was for the administration of posttest (QSABD) and conducting of interview.
[bookmark: __RefHeading___Toc39577_2923074602][bookmark: __DdeLink__38617_2549951081][bookmark: __DdeLink__4910_3446896245]Administration of the Technology-Education-Art (TEA)
[bookmark: __DdeLink__26156_17893593861][bookmark: __DdeLink__1193_1956131813111][bookmark: __DdeLink__713_41133406211111][bookmark: __DdeLink__1101_175267897011111][bookmark: __DdeLink__1099_175267897011111][bookmark: __DdeLink__718_41133406211111][bookmark: __DdeLink__44698_80562385411][bookmark: __DdeLink__44698_805623854][bookmark: __DdeLink__12646_284203219][bookmark: __DdeLink__1195_1956131813111]TEA is web and artificial intelligence application that the researcher developed to help improve the performance of students’ in biological drawings and visual literacy skill.
[bookmark: __DdeLink__31526_2595384436]
[bookmark: __DdeLink__1197_1956131813][bookmark: __DdeLink__7278_684661663][bookmark: __DdeLink__7297_684661663]TEA has three functions which are:
[bookmark: __DdeLink__3969_24415098041][bookmark: __DdeLink__999_12653745651][bookmark: __DdeLink__7286_68466166311][bookmark: __DdeLink__1051_4735024691][bookmark: __DdeLink__1479_35674842621][bookmark: __DdeLink__7313_6846616631][bookmark: __DdeLink__7259_244150980411][bookmark: __DdeLink__1122_356748426211][bookmark: __DdeLink__1019_126537456512]1. TEA Awareness and Motivation Portal (TAMP)
[bookmark: __DdeLink__26113_1196613698]2. TEA Drawing Videos Portal (TDVP)
3. TEA Artificial intelligence Evaluation Portal (TAIEP)
[bookmark: __RefHeading___Toc39579_2923074602][bookmark: __DdeLink__7313_684661663][bookmark: __DdeLink__62259_2595384436][bookmark: __DdeLink__7286_6846616631][bookmark: __DdeLink__1051_473502469][bookmark: __DdeLink__1479_3567484262][bookmark: __DdeLink__7259_24415098041][bookmark: __DdeLink__1019_12653745651][bookmark: __DdeLink__26115_1196613698][bookmark: __DdeLink__1122_35674842621]1. TEA Awareness and Motivation Portal (TAMP)
TAMP provide students with text and video lesson on the importance of biological drawing, rules and guides that can help them to improve in their biological drawings and visual literacy skill.
[bookmark: __DdeLink__26117_1196613698]
2. TEA Drawing Videos Portal (TDVP)[image: ]
Figure 1: TEA Biological drawing portal

This section of the application engages the students with practical biological drawing task with a video guide.
[bookmark: __RefHeading___Toc39583_2923074602][bookmark: __DdeLink__726_4113340621][bookmark: __DdeLink__720_4113340621][bookmark: __DdeLink__62279_2595384436][bookmark: __DdeLink__26215_1196613698][bookmark: __DdeLink__722_4113340621]3. TEA Artificial intelligence Evaluation Portal (TAIEP)
[bookmark: __DdeLink__35517_147757840]TAIEP is an artificial intelligence (AI) program developed by the researcher that uses computer vision (CV) algorithms to evaluation students' drawings. 

[image: ]
Figure 2: TAIEP Grading

[bookmark: __DdeLink__5033_2061376797][bookmark: __DdeLink__3107_2441509804][bookmark: __DdeLink__162690_2595384436][bookmark: __DdeLink__7255_2441509804][bookmark: __DdeLink__7263_2441509804]Technology use for TAIEP
[bookmark: __DdeLink__154_3310967816][bookmark: __DdeLink__685_1564384949][bookmark: __DdeLink__683_1564384949][bookmark: __DdeLink__687_1564384949][bookmark: __DdeLink__150_3310967816][bookmark: __DdeLink__691_1564384949][bookmark: __DdeLink__697_1564384949]TAIEP uses HTML, CSS and Bootstrap for its front-end while a different technology or programming language was use for the back-end which is python programming language, this is because python programming language is best suited for artificial intelligence and machine learning programming. Flask web framework with Jinja template engine which are both Python tools are used to serve the web interface to provide a user friendly interface with open-source computer vision (OpenCV) library used for computer vision implementation. 

[bookmark: __DdeLink__693_1564384949][bookmark: __DdeLink__695_1564384949]Hu Moments computer vision algorithm
[bookmark: __DdeLink__4269_1838754075]The computer vision algorithm use for this study is the Hu Moments for shape matching. TAIEP uses this algorithm to compare the drawing exercise with the student drawing and calculate the differences. 

Image Moments
[bookmark: __DdeLink__59631_10013615471][bookmark: __DdeLink__30518_1196613698][bookmark: __DdeLink__75679_1001361547][bookmark: __DdeLink__66224_1001361547][bookmark: __DdeLink__4277_1838754075][bookmark: __DdeLink__4279_1838754075]According to Satya and Krutika (2018) image moments are a weighted average of image pixel intensities. For example, a single channel binary image I. The pixel intensity at location (x,y) is given by I(x,y). 
[bookmark: __RefHeading___Toc39597_2923074602]Procedure for Data Analysis
[bookmark: __DdeLink__10676_782273177][bookmark: __DdeLink__51384_1852878380][bookmark: __DdeLink__4885_816499781]This study employed a mixed-methods approach. Thus, the quantitative data was analysed using IBM-SPSS, while the qualitative data would be analyses thematically. 
[bookmark: __DdeLink__45296_3446896245]Analysis of Covariance (ANCOVA) was the suitable analysis tool used to analyse the quantitative data to answer the research question because the study make use of intact classroom; that is, randomisation of the subjects was not achieved. 
[bookmark: __RefHeading___Toc39599_2923074602][bookmark: __DdeLink__9946_4038722001]Ethical Consideration
[bookmark: __DdeLink__18187_3822321958][bookmark: __DdeLink__9950_4038722001]Prior to the collection of data, approval was soughed from the leadership of the ACEITSE of the Lagos State University. Appropriate letters was obtained from the Centre to the various institutions where the study was conducted and permission was granted by the authorities of the sampled institutions before the study began. All participating institutions were properly informed of the purpose of the study without withholding any form of information. To ensure that the study appeared ethical, measures were put in place to ensure that respondents were assured that any information they provided was treated with much caution and confidentiality. Hence, data gathered was exclusively used for academic purposes.

[bookmark: __RefHeading___Toc48996_2923074602]RESULTS
[bookmark: __DdeLink__362221_1747634295][bookmark: __DdeLink__13544_91355166][bookmark: __DdeLink__25953_2588959682]Research Question: Is there a statistically significant difference in the attitude of students taught biological drawing using the TEA and lecture method?
[bookmark: __DdeLink__25931_25889596821][bookmark: __DdeLink__26282_1196613698][bookmark: __DdeLink__19443_264101476112][bookmark: __DdeLink__16770_816499781][bookmark: __DdeLink__21087_37092394571][bookmark: __DdeLink__19410_264101476111]Null Hypothesis: There will be no statistically significant difference in the attitude of students taught biological drawing using the TEA and lecture method.
[bookmark: __DdeLink__18494_300443153111][bookmark: __DdeLink__25824_37092394571][bookmark: __DdeLink__25826_37092394571][bookmark: __DdeLink__25156_5986073121]Procedure: Descriptive statistics were applied on the pre-test attitude and post-test attitude of the biology groups (TEA and Lecture). Thus, analysis of covariance (ANCOVA) was applied to the attitude with the post-test attitude as dependent variable, pre-test attitude as covariates and method set as fixed factor. The univariate Fs were computed.



Table 2: Summary table of the mean effects of method on the attitude scores of students taught biological drawing[image: ]Figure 3: Mean effects of method on the attitude of male and female students in biological drawing

	Method
	Gender
	Mean
	Std. Deviation
	N

	TEA
	female
	63.69
	10.12
	[bookmark: __DdeLink__12058_2516957606]42

	
	male
	69.08
	6.53
	[bookmark: __DdeLink__12060_2516957606]12

	
	Total
	[bookmark: __DdeLink__4318_59010730][bookmark: __DdeLink__4315_59010730]64.89
	9.66
	[bookmark: __DdeLink__17539_887953671]54

	Lecture
	female
	61.54
	7.90
	[bookmark: __DdeLink__12062_2516957606]24

	
	male
	63.57
	11.56
	[bookmark: __DdeLink__12064_2516957606]7

	
	Total
	[bookmark: __DdeLink__4320_59010730]62.00
	8.68
	[bookmark: __DdeLink__17541_887953671]31

	Total
	female
	62.91
	9.37
	[bookmark: __DdeLink__12066_2516957606]66

	
	male
	67.05
	8.83
	[bookmark: __DdeLink__12068_2516957606]19

	
	Total
	63.84
	9.36
	[bookmark: __DdeLink__17544_887953671][bookmark: __DdeLink__13050_3870449777]85


[bookmark: __DdeLink__26347_1196613698]Table 3: Levene's Test of Equality of Error Variances
	F
	df1
	df2
	Sig.

	1.75
	3
	81
	.163



[bookmark: __DdeLink__25977_25889596821][bookmark: __DdeLink__7166_1828038146][bookmark: __DdeLink__149099_30044315311]Table 4: Analysis of Covariance of method on the attitude of students in biological drawing
	Source
	df
	Mean Square
	F
	Sig.
	Partial Eta Squared
	Decision

	Corrected Model
	4
	257.83
	3.26
	.02
	.14
	

	Intercept
	1
	5247.14
	66.27
	.00
	.45
	

	Pretest Attitude
	1
	573.19
	7.24
	.01
	.08
	

	method
	1
	152.88
	1.93
	[bookmark: __DdeLink__4324_59010730].17
	.02
	Not rejected

	Gender
	1
	247.99
	[bookmark: __DdeLink__9459_68600030]3.13
	[bookmark: __DdeLink__9441_68600030].08
	.04
	

	method * Gender
	1
	77.52
	.98
	.33
	.01
	

	Error
	80
	79.18
	
	
	
	

	Total
	85
	
	
	
	
	

	Corrected Total
	84
	
	
	
	
	



[bookmark: __DdeLink__18437_264101476111][bookmark: __DdeLink__7190_1828038146][bookmark: _GoBack121]Result and decision on null hypotheses 
[bookmark: __DdeLink__31813_4174571017][bookmark: __DdeLink__9453_68600030][bookmark: __DdeLink__4322_59010730][bookmark: __DdeLink__9447_68600030][bookmark: __DdeLink__8988_59010730][bookmark: __DdeLink__25914_25889596821][bookmark: __DdeLink__25368_20256284001]After the treatment was implemented to the groups, the mean scores on the post attitude measure were (TEA=64.89; Lecture=62.00). Hence, the TEA group performed better than the Lecture group on account of their mean. The univariate ANCOVA on attitude towards biological drawing shows that there is no statistically significant difference in attitude of students taught biological drawing using the two methods with an F value of 1.93 with an associated p value that is greater than .05. [F(1,80)=1.93; p=.17] with small estimate effect size of .02. Therefore the null hypotheses was not rejected
[bookmark: __DdeLink__18437_2641014761111][bookmark: __DdeLink__26347_11966136981]
Qualitative Findings
[bookmark: __DdeLink__26003_25889596821]An in-depth interview was also conducted with selected students in the experimental groups to get their responses on the attitude of students to drawing in biology. Some of their responses were presented unedited.

Table 5: Reports of students’ responses from the interview on Attitude of students to biological drawing, TEA App in teaching and grading drawing (unedited)
	Pseudo Name
	Gender
	Students’ responses (unedited)

	Akinrinde Grace Mojisola
	Female
	Yes because drawing helps to visualize things and makes learning easier.
Answer
1. Yes
2. Yes because as a biology student, you should be able to know the location and structure of some things in the biological field like organs and drawing helps to visualize that and it also aids in learning

	Aishat
	Female
	Performance of TEA AI app in grading drawing is still manageable

	[bookmark: __DdeLink__9483_68600030]Disu
	Male
	Drawing is necessary so as to make our explanation understandable and to identify some key features in biology

	[bookmark: __DdeLink__9491_68600030]Keji
	Female
	Drawing skill is necessary for students to excel in biology

	Kehinde
	Male
	My thoughts on biological drawing is that:
Biological drawing is a system of representing visual ideas and thoughts,it is also the use of technical illustration to visually communicate the structure and specific details of biological subject of study.
Basic rules and guidelines in biological drawing.
1.the diagram must have a caption of what we call title.
2.Broken or dotted lines are not allowed unless in cross section.
3.the lines should not be thick.
4.the diagram must be labelled horizontally.
5.the labelling should be straight,and not cancelling each other.
6.lastly,the diagram must have a magnification.




[bookmark: __RefHeading___Toc63577_2923074602]CONCLUSION 
Based on the findings of this study and within its limitations, it was recommended that visual literacy skill for science students should be given more attention and relevant authorities should adopt technology for personalized learning experience and AI should not be seen as a threat to learning but as an important tool to support teachers. 
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