Design of a High School Laboratory: 
“Visualizing DNA sequences”
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Abstract
This paper presents details of the project: “Design of a High School Laboratory: ‘Visualizing DNA Sequences’” from its research stages to the presentation of the final product; the lab manual.
 The goal of the project was to design a lab to teach the fundamentals of Bioinformatics to students who have no prior knowledge of the subject. To do this, research was made into teaching techniques to determine which would be effective in teaching Bioinformatics and other lab manuals written for Bioinformatics and Genomics were studied. Before the final version of the lab was designed, feedback was sought from individuals who had reviewed and/or used the early versions.
The final version of the lab is presented in this paper and review will show that the lab implemented the various tips and suggestions received from the reviewers and the works researched. There are however, some concerns with making the subject matter more interesting, finding an alternate method of extracting genes that would not require an internet connection and devising a means to effectively measure the success of the lab.
Introduction

This project is one of the initiatives of the Discovery K-12 project titled “Inquiry-based Activities for Engaging Students of Creative and Performing Arts in STEM” which seeks to address Grand Challenge 3: Cutting-Edge STEM Content in K-12 Classrooms under Component B: The Development of Resources and Tools, Category 2: Instruction of K-12 Students and Teachers. The goal is to “develop, implement, and evaluate new multimedia laboratory activities designed to engage students in science, technology, engineering, and mathematics (STEM).”1 The students of interest are artistically gifted students who are in the performing and creative arts. 
From childhood, children are encouraged to focusing on excelling in their proficiencies and strengths and sometimes, cover up the weaknesses. As a result, students who were more artistic than scientific at an early age may tend to ignore the usefulness of the STEM courses. “This lack of affinity for a subject could, however, be the result of myriad causes, including an initially poor or ill-suited presentation of the subject material.”1 However, with exposure to the science part of life, they may come to realize the importance of the sciences and the relationships that exists between the sciences and the arts. 

The main focus of this project is to provide that exposure in such a way as to encourage further exploration of the sciences. This is in line with the goals of the Discovery K-12 project: “our goals are to help students understand that scientific principles permeate the creative and performing arts and that

creativity and expression are also embraced by STEM. The laboratory activities will be designed to provide hands-on instruction and interaction with concepts through creative exercises, such as the manipulation of music and images.”1
Literature Review 
In his article “Effective Communication: Tips on Technical Writing”, Henrique S. Malvar gave an overview of the technical writing process and a lot of tips that could be applied to writing tutorials or lab manuals which is the goal of this project. In this article, he stressed the importance of tailoring the document to the audience. According to him, there are four types of readers:
“1) reviewers, who have a keen eye to find fallacies in your arguments; 

 2) subject experts, who want to skip the introduction and quickly jump

 into the main contributions; 

3) nonexperts, who work on related subjects and selected your paper as a step for       broadening their knowledge; and 

4) those who don’t know much about the subject, but stumbled on your paper and got curious enough to read it” 3
The audience for this lab -high school students in the creative and performing arts- belong to the fourth category of readers. Henrigue’s general advice is to pay attention to the audience and for type 4 readers, to “wear the reader’s hat” 2. He also stresses the importance of a good, interesting, straightforward introduction and the use of diagrams, graphs and tables where appropriate. 
One of his favorite rules is to omit any unnecessary details. Since the audience are high school students, this rule is important because junk information can easily distract and confuse them while they are still trying to make sense of the other valid information. Also, students with a shorter attention span than most will end up not understanding the concept being presented when they is too much to absorb in too little time.
Robert Leamnson wrote an article, “Learning as a Biological Brain Change” in which he describes the learning process as it relates to the biological activity of the brain. He proposes that an understanding of this process will help teachers to model lessons in a way that will better facilitate learning. Among other things, he states that “truly effective teaching weans the student in the sense that it encourages and reinforces curiosity and other modes of emotional involvement with content.” 3 In other words, teaching should not just be a distribution of knowledge but also an invitation to explore and gain more knowledge. This is in line with the Discovery K-12 project because it does not aim at just providing the information but also at getting the students curious enough to appreciate, explore and engage in the world of science. 
An emotional connection to the subject matter encourages inquiry based learning just as Robert says that students “readily learn what captures their imagination [and] activity, then, can be of help in focusing attention, …”3 This is valid because in this case, the students are not naturally inclined to science. They have to be shown that science and their world of arts do have a lot of things in common. For example, drawing/painting and image processing, RNA translation and sheet music transcription. 
In analyzing the synapses in the brain and the “stable pathways of neural connections”, Robert came to the conclusion that physical activities can and do enhance learning. He does specify however, that activities alone do not cause learning beyond motor skills but can facilitate cognitive processes which in turn cause learning: “it is less the doing than the thinking, the reflecting on that doing, [is what] counts.”3
Kathleen Gabric has had a lot of experience teaching Bioinformatics to high school students at the Hinsdale Central High School in Illinois. Although her students are science majors, her article, “Bioinformatics in the Biology Classroom” does provide some valid insights on teaching Bioinformatics to young people. She gave a brief overview of Bioinformatics and how it has evolved over the years. She also mentioned the importance of inquiry based learning as opposed to “chew and chuck” learning where students memorize facts to be repeated at a test or exam.

Her article lists some of the educational ideas and guidelines to improve the learning environment from the U.S. National Science Education Standards (NSES) which are:

· Students should learn science and mathematics as active processes focused on a limited number of concepts. 

· Curricula should stress understanding, reasoning, and problem solving rather than memorization of facts, terminology, and algorithms. 

· Teachers should engage students in meaningful activities that regularly and effectively employ calculators, computers, and other tools in the course of instruction.5
She went on to explain how technology, being an integral part of Bioinformatics, can facilitate the learning process. Besides being a helper, technology can also be used to convey more information and can be customized to meet the unique needs of each student. As opposed to one lecture note for the whole class, the user interfaces of most software programs are adaptable to the user.
This project is just one of the many out there that seek to bring science to live in the classroom. Amanda Knowles and her group did similar work where they created a lab for science students titled “Explaining Genomics and Bioinformatics to High School Biology

Students”. This project is unique because it is aimed at non-biology students but the work of Amanda Knowles, Sharon Schulze, Thomas Mitchell, David Haase, April Cleveland, and Ralph Dean was a source of background information for this lab. It also provided an example of how a high school lab and lab activities could be structured.

They reinforced the statements of Kathleen Gabric and Robert Leamnson that learning should be inquiry based and relevant to the everyday lives and encounters of the students. In addition, they presented the need for students to keep up with the pace at which the use of technology is increasing in the two leading sciences: Genomics and Bioinformatics. They showed that these sciences are relevant in the medical field, drug design, genetically engineered products and in opening career pathways in medicine, research and product development.6 For non-science students, these sciences can provide a basic understanding of how their body works and open careers in product design and development where artists with some scientific background can be appreciated.

In their lab, they provided more than a one-line definition for bioinformatics and genomics. They gave a basic overview of the two sciences and how they relate to the students. Their lab activities involve the students in obtaining short gene sequences, finding a matching gene from a given list and thus, inferring the structure and function of their gene. Advanced/Honor students can go one step further and find the complementary strand in the worksheet given.

Their main goal was to fulfill the “Competency goal 3 of the Computer/Technology Skills Curriculum [which is] integration with science”.6 From their conclusions, they achieved their goal.

As a result of the research and review of the above literary works, the result of this project will have some or all of the following:

· Graphs, tables and diagrams to better explain concepts.
· A section to show the relevancy of Bioinformatics to high school students.

· Lab activities to facilitate learning.

· Some activities that involve the use of technology – (hardware, software programs, user interfaces, internet).

· Reflective questions that cause the student to think about the activities and how they relate to the concept being learned.

· Advanced activities for students who would like to go one step further. The presence of these activities will encourage all students (not only Honor roll students) to try and put their knowledge to the test.

· Concise definitions and explanations. Since this lab is for non-biologists, there should not be a lot of biological terms and advanced biological concepts involved. Also, any biological term used should be well explained.
· Specific connections of the concepts taught to concepts in the creative and performing arts.
The Lab
Manual

In keeping with the lessons learned from the works researched and reviewed, the final version of the lab has the following features:

· 2 parts:
· Part 1: an introduction to Bioinformatics, definition of common Bioinformatic terms (genes, DNA, codons, translation, etc), showing the link between Bioinformatics and MATLAB (mathematical software) and two activities. These activities will involve extracting DNA, translating the sequence into a protein sequence by hand and with an online tool, finding similar proteins and finding the function of the protein.

· Part 2: MATLAB activities to show how technology can enhance the field of Bioinformatics and make a scientist’s work easier, faster, more accurate and more dependable. The activities involve a demo on how to use some MATLAB sequence statistics tools, plotting a random walk of DNA and writing a sequence to achieve a certain “random” walk.

· Graphics like diagrams, tables, charts and a codon translation wheel. The diagrams are used to further explain DNA and the relationships between RNA and codons; codons and proteins.
· A HTML alternate version that can be posted and accessed on the internet. This is another link to the use of technology. It also provides a way for the students to focus on one form of media for instruction. They can do all the work on the computer and not have to shift their attention between paper notes and the computer screen.

· With the HTML version, frames will be used to further reduce distractions and/or attention shifts. Some of the activities involve going to different internet sites and databases to gather information. When this is the case, the HTML pages are split into frames so that the web pages open up to one side but still in the same window. This way, students can still read the instructions while they are gathering the required information on the internet.
· Where necessary, an answer key that shows the steps to get the solution is provided. The idea is that if a student gets stuck on one part of an activity, he/she can look up the next steps in the answer key and proceed from there. Alternatively, the activities can be in form of a list with step-by-step instructions.
· Reflective questions are asked after activities where they are relevant. These questions require the students to pause and explain why their answer or the result of the activity is the correct answer. In some of the activities, the students can check their answers against the answer keys. Some activities have these questions appearing midway into the activity. When this occurs, the questions require the students to ponder and predict what the result of the activity will be.

· There are suggestions for advanced work and one advanced MATLAB activity. In the random walk activity, students use MATLAB and plot a random walk of DNA sequences. In the advanced activity, the students are expected to walk backwards from what they did in the random walk experiment. They begin with a given plot of a random walk with common start and end points. Then they have to figure out what DNA sequence resulted in that plot. Lastly, they write out the sequence, run the random walk experiment on their new sequence and verify their answers. Alternatively, they could provide the plot they want to achieve and then walk backwards to the sequence. Always though, they have to verify their answers by re-running the random walk experiment on the new sequence.

The Word document version of the first part of the lab is given below. The second part of the lab is performed in its entirety using MATLAB.

Bioinformatics Lab 1
Introduction
Bioinformatics basically involves the use of technology to solve biological problems on the molecular (or DNA) level. Its applications include:

•
medical diagnosis 

•
forensic studies 

•
mutation studies 

•
bio-weapon creation 

•
waste cleanup 

•
gene therapy 

•
drug development 

•
alternative energy sources 

Bioinformatics is one of the major sciences today and with the use of technology, is rapidly advancing. Besides giving an individual a basic knowledge of how his/her body is made up, it also provides career opportunities in any of the areas listed above as well as product design. Product design is one of the areas where art meets science and artists with a scientific background are need. Not only does the genetically engineered product have to function as intended, it should also be appealing to the customers in looks and texture.

Terminology
DNA (DeoxyriboNucleic Acid): The nucleic acid that carries the genetic characteristics of all living things. It has two long chains of nucleotides twisted in a double helix shape and joined by hydrogen bonds between complementary base pairs adenine (A) and thymine (T); cytosine (C) and guanine (G).
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Gene: A region of DNA that controls a hereditary characteristic. Each gene corresponds to a hereditary trait. It is made up of coding and non-coding DNA sequences.
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Genome: The total genetic content of an organism or the sum of the genes in an organism. The human genome has approximately 35,000 genes.​1
Protein Translation: This is the conversion of a DNA sequence into a primary protein structure. First, copies of the genes are transcribed into RNA by replacing thymine (T) with uracil (U) then RNA is translated into Proteins. Every group of 3 bases (a.k.a. codons) in the RNA sequence codes for a protein (e.g. ACG codes for Threonine).

The wheel2 below can be used for translation.
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Translation is similar to transcription in music. Just as when reading sheet music, the symbols are transcribed to the 8 notes in the musical scale, RNA is translated into proteins.
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Coding Sequence: A DNA sequence is a listing of the base pairs on one strand of the DNA. A coding sequence or exon is a segment of a gene that contains information used in coding for proteins. The first codon in an exon is usually ATG or AUG (codes for Methionine) and is called the start codon.

Non-coding Sequence: DNA sequence which does not contain instructions for making proteins a.k.a introns.
GenBank: The NIH (National Institutes of Health) genetic sequence database; an annotated collection of all publicly available DNA sequences. There are approximately 85,759,586,764 bases in 82,853,685 sequence records in the WGS (Whole Genome Shotgun) division as of February 2008.
MATLAB & Bioinformatics
As previously mentioned, Bioinformatics involves the use of technology to solve biological problems. MATLAB has Bioinformatics Toolbox™ 3.1 which provides tools “to explore ideas, prototype new algorithms, and build applications in drug research, genetic engineering, and other genomics and proteomics projects.”3 The MATLAB functions allow the user to retrieve genome information, perform analyses and display the analysis results. They can also be customized to suit the user’s needs. Click here to find a list of these functions.

Some of them that relate to this lab are:

· aa2nt – converts amino acid sequence to nucleotide (DNA or RNA) sequence.

· aacount – counts the number of each amino acid in a protein sequence.

· basecount – counts the number of each bases in your sequence.

· codoncount – counts the number of each codon (triplet) in your sequence.

· dna2rna – converts DNA to RNA sequence.

· fastaread – reads sequence data from FASTA file.

· getgenbank – retrieves sequence information from GenBank.

· genbankread – reads sequence data from GenBank file.

· nt2aa – converts nucleotide acid sequence to amino (DNA or RNA) sequence.

· ntdensity – shows the composition of your sequence in terms of  the monomers(single bases) and dimmers (base pairs AT and CG).
Activities

· Extracting Sequences from GenBank (remember to save your sequences!).

· Protein Translation

Works Cited
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Activities

Lab 1 – Activity 1: Sequence Extraction

This part of the lab is designed to guide the students through the process of getting DNA sequences using the NCBI (National Center for Biotechnology Information) GenBank database as a source.  The steps are outlined below:

Step 1

Go to the NCBI website (click here)

Step 2

Choose search type as Nucleotide and enter search item in the box after "for". Some examples of search items given are:

· ara h2

· opsins

There will be a lot of results but for the purpose of this lab and following the given examples, find the following links and click on them:

· Ara h2 ( “AY158467”
· Opsins ( “NM_020061”

Step 3

The new page contains the DNA coding sequence for the proteins at the bottom, below “Origin”. Click and drag the cursor to highlight the entire sequence, right click the highlighted sequence and select “copy” to store it.

· Ara h2 ( from “1atggc…” to “…tactaa”

· Opsins ( from “cggctgccgt…” to “…ccaa”

At this point, the sequence can be stored in a text file if the student would like to use it for any other activities. However, the students are asked to delete the numbers present at the beginning of each row due to GenBank’s formatting standard.

Step 4

Open the Expasy page to view the translation tool. This tool will do in seconds what could take a human a lot of hours to do. It reads the codons in the sequence and translates them into proteins.

Step 5

Right click the cursor in the box below “Please enter DNA…” and select “paste” to enter the copied gene sequence. To the right of “Output format,” select “Includes nucleotide sequence” from the drop-down menu and click “Translate Sequence.”  

Results in the 5'3' Frame 1 should show the amino acid/protein sequence of the gene in capital letters below the corresponding codons of the gene. 

Notice that for:

· Ara h2 ( the gene starts with “atg” and the corresponding protein is “M” for methionine.

· Opsins ( the gene starts with “cgg” and the corresponding protein is “R” for arginine.

The other frames translate the sequence but in a alternate directions from the 5'3' Frame 1

frame.

Step 6 

Click on the 5'3' Frame 1 link to open another window with just the protein sequence.
Click and drag the cursor to highlight the entire sequence, right click the highlighted sequence and select “copy” to store it. Now we are going to BLAST the sequence! Sound like fun? 

BLAST is a tool that will match the sequence to any other similar sequences and give a description of what the gene is/does.

Click here to open BLAST.

Step 7

Click “protein blast” and right click to “paste” the protein sequence into the large text box.  

Click “BLAST!”. BLAST program will now search the entire NCBI protein database for matches to given sequence … amazing!   

The BLAST results page can be a lot to take in, but the color-coded graph shows the most similar sequences in red and other sequences that are less similar in magenta, green, blue and black.  

Under the graph, click on one of the links with a high score (scores appear in blue).

On the resulting page, look for a DEFINITION or TITLE that will give information about the gene sequence. For the examples we have been using, one of them is a peanut allergen (can cause allergic reactions in some people who are sensitive to them) and the other is an eye gene related to long-wave sensitivity and color blindness.
At this point, the student is asked to tell which gene corresponds to which function. This is to encourage the students to actually extract the gene in order to find out. It will also let them know that these tools are available to identify any gene they might be interested in.
Lab 1 – Activity 2: Protein Translation
This activity will teach the protein translation process. The codon wheel is provided as an aid for this activity.
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Step 1

The gene sequence to be translated is given.

DNA sequence: [ATGCCTTGTTCGGGAAAGTTGAGTACGTAA]

RNA equivalent: [AUGCCUUGUUCGGGAAAGUUGAGUACGUAA]

Step 2

For translation, begin from the left, to group the bases in groups of 3 (codons). Using the codon wheel, find and write down the protein that they correspond to. 

Step 3

Check answer.

DNA sequence:   [ATG CCT TGT TCG  GGA  AAG TTG AGT  ACG TAA]
Protein                     M      P       C       S      G       K        L       S       T    Ochre     
RNA equivalent: [AUG CCU UGU UCG GGA AAG UUG AGU ACG UAA]

Lab 2 – Activity 1: SeqStats Mini-Demo (MATLAB)

This activity is aimed at provided a limited overview of MATLAB commands that can be used in the analysis of DNA sequences. The MATLAB code and some of the results of runnig the code are given below:

SeqStats.m

display('                   -------------------------------------               ')

display('Bioinformatics Lab 2 - Activity 1: Plotting a random walk of DNA')

display('                   -------------------------------------               ')

display ('The getgenbank function with the *SequenceOnly* reads the sequence information into the MATLAB workspace.')

display('mitochondria = getgenbank(''NC_001807'',''SequenceOnly'',true)\n')

%mitochondria = getgenbank('NC_001807','SequenceOnly',true);

display('                   -------------------------------------               ')

load mitochondria

display ('The ntdensity function shows the composition of the sequence and the A-T, C-G base pairs.')

display ('This is useful because the GC content can be used to identify genes.')

figure(1)

ntdensity(mitochondria)

display('                   -------------------------------------               ')

cont = input ('Enter "c" to continue:  ', 's');

display ('The basecount function will give the number of each base in the sequence.')

bases = basecount(mitochondria)

display('                   -------------------------------------               ')

display ('The codoncount function will give the number of each codon (combination of 3 bases) in the sequence.')

mitochondriaCodons = codoncount(mitochondria)

display('                   -------------------------------------               ')

display ('The nt2aa and aminolookup functions can be used to translate the codons')

display('CTA = aminolookup(''code'',nt2aa(''CTA''))\n')

CTA = aminolookup('code',nt2aa('CTA'))

display('TTT = aminolookup(''code'',nt2aa(''TTT''))\n')

TTT = aminolookup('code',nt2aa('TTT'))

display('                   -------------------------------------               ')

aacount(mitochondria)

Lab 2 – Activity 2: Random Walk of DNA (MATLAB)

The aim of the activity is to plot a random walk of a DNA sequence. 2 sequences are given (one coding and one non-coding) and the directions for the bases are as follows:

A one unit step right (
C one unit step up (
T one unit step left (
G one unit step down (
The MATLAB code is given below:

randwalk.m

display('Bioinformatics Lab 2 - Activity 2: Plotting a random walk of DNA')

display('In this activity, you will plot a random walk of 2 or 3 DNA sequences.')

display('2 sequences have been provided for you: 1 coding sequence: exon.txt; and')

display('1 non-coding sequence: intron.txt')

display('You can always use your own sequences if they are saved in a text file.')

display('As you go through the sequence,')

display('A = one step right')

display('C = one step up')

display('G = one step left')

display('T = one step down')

display('                   -------------------------------------               ')

ready = input ('If you are ready to begin, enter "y":  ', 's');

file = input ('Enter file name:  ', 's');

fid = fopen(file, 'r');

display('Here are the first 10 bases in your sequence - can you trace them on the graph?')

first10 = fread(fid, 10, 'uint8=>char');

c = input ('Enter "c" to continue:  ', 's');

[A] = fread(fid);

seq = char (A');

l = length(seq);

if (seq(1) == 'A' || seq(1) == 'a')

        a(1) = 1;

        b(1) = 0;

elseif (seq(1) == 'C' || seq(1) == 'c')

        a(1) = 0;

        b(1) = 1;

elseif (seq(1) == 'G' || seq(1) == 'g')

        a(1) = -1;

        b(1) = 0;

elseif (seq(1) == 'T' || seq(1) == 't')

        a(1) = 0;

        b(1) = -1;

end

i = 2;

while i<=l

    seq(i);

    if (seq(i) == 'A' || seq(i) == 'a')

        x = 1;

        y = 0;

        a(i) = a(i-1) + x;

        b(i) = a(i-1) + y;

    elseif (seq(i) == 'C' || seq(i) == 'c')

        x = 0;

        y = 1;

        a(i) = a(i-1) + x;

        b(i) = b(i-1) + y;

    elseif (seq(i) == 'G' || seq(i) == 'g')

        x = -1;

        y = 0;

        a(i) = a(i-1) + x;

        b(i) = b(i-1) + y;

    elseif (seq(i) == 'T' || seq(i) == 't')

        x = 0;

        y = -1;

        a(i) = a(i-1) + x;

        b(i) = b(i-1) + y;

    end

    i = i + 1;

end

plot(a, b, '-v', 0, 0, 'ro', a(l), b(l), 'go')

title('Plot of Random Walk - red circle = START, greean circle = STOP')

Lab 2 – Activity 2x: Random Walk of DNA Advanced (MATLAB)

This is the advanced level of the random walk experiment. In this activity, the students are to write the DNA sequence that would result in the plots below using the rules of the random walk experiment. Then they are to verify their results by running the random walk experiment.
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randwalk2.m

display('                   -------------------------------------               ')
display('Bioinformatics Lab 2 - Activity 2x: Plotting a random walk of DNA')
display('                   -------------------------------------               ')
display('In this activity, you will create a sequence to plot a given random walk.')
display('You should create a sequence that will give one of the plots')
display('You could also aim to plot a pretty picture.')
display('You can always use your own sequences if they are saved in a text file.')
display('After creating your sequence, save it in a text file and enter "randwalk" to plot the random walk.')
display('                   -------------------------------------               ')
figure(1)
x = [0 0 0 0 1 1 2 2 3 3 4 4 5 5 6 6 7 7 7 7];
y = [0 1 2 3 3 2 2 1 1 0 0 1 1 2 2 3 3 2 1 0];
m = length(x);
plot(x, y, '-v', 0, 0, 'rx', x(m), y(m), 'go')
title('Plot of Random Walk - red "x" = START, greean circle = STOP')
figure(2)
a = [0 0 0 0 1 1 2 2 3 3 4 4 5 5 5 5 4 4 3 3 2 2 1 1 0];
b = [0 1 2 3 3 2 2 3 3 2 2 3 3 2 1 0 0 1 1 0 0 1 1 0 0];
l = length(a);
plot(a, b, '-v', 0, 0, 'rx', a(l), b(l), 'go')
title('Plot of Random Walk - red "x" = START, greean circle = STOP')
Challenges

After the initial versions of this lab were created, they were review and revised. Most of the suggestions for improvements were implemented but there are still some challenges that need resolution.

· Making the subject material more interesting: one repeated review comment was that the introduction and discussion sections were boring to non-science students. What could be added that would make this lab interesting and at the same time, still teach the basic concepts of Bioinformatics?
· The HTML version of the first lab which is more interactive and more appreciated by the reviewers would require a connection to the internet. This is a challenge because there is no guarantee that every high school will have laboratories with connections to the internet. An alternative to extracting the sequences from the internet needs to be found. One solution considered was the use of MATLAB to extract the sequences but that failed because for it to work, there must be an internet connection.
· One more challenge was measuring the success of this lab. The traditional way to access the knowledge of students is to test them or give them exams/quizzes on the subject matter. This would not be effective in this case because it does not support inquiry based learning. When students know they will be tested on a subject, the usual reaction is to memorize all the information regarding that subject and just spew it out at test time. One goal of this lab is to encourage the students to seek out knowledge and delve more into the world of science. The aim is not to study up until the point of the test and stop there because other concepts are not included in the test. There has to be another way to measure the success of this lab and that would also help in making improvements to future versions of the lab.
Conclusions

In every aspect of life, there are interrelationships established between two or more parties. This is also the same in education. There are interrelationships between the science and arts even though they are perceived as polar opposites. One of the goals of this project was to create a lab with activities that could show these relationships to artistic students and encourage them to seek more science-based knowledge. A review of the lab presented in this paper will show that features have been put in place to achieve that goal.

 There are some challenges that prevent the lab from being a complete success but they can and will be resolved with time and more effort.
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