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Group Activity for Experimental Design 

Exploring Experimental Design  
with Plants 

 
Overview 

Students use the Indigenous story of The Three Sisters as a provocation to explore 
experimental design and variables that may influence plant growth.  Students ultimately 
work in lab teams (with 2 or 3 members) to design and run their own plant-based 
experiment within the classroom.  This is an ongoing activity that requires ~7 classes 
(~60 minutes each) to explore, design and set-up, and then ~7 classes spread over 3 
weeks for plant care and data collection (~20 minutes per class), and then ~4-5 classes 
(~60 min each) for data analysis, final write-up, and a presentation (optional). 
 
Note:  This experimental design unit can be taught concurrently and cohesively with a 
Chemistry Unit (Chemical Reactions: What are nutrients and how do living things 
process and use them?), an Energy Unit (Energy Flow and Transfer:  Why is sunlight 
essential to almost all living things on Earth?) or a Biology Unit (Asexual and Sexual 
Reproduction:  How is my plant growing? or Genetics: Why do some plants survive 
better than others?) 
 
Printable Resources Include: 

o Facilitators Guide 
o Lab Team Project Guide including Self-Assessment Documents 
o Student Lesson Guides for: 

• Lesson 1: Introduction to Experimental Design (~60 min) 
• Lesson 2: Doing Background Research (~120 min) 
• Lesson 3: Designing Our Experiment (~60 min) 
• Lesson 4: Beginning Our Lab Write-Up (~120 min) 
• Lesson 7: Analyzing Our Data (~90 min) 
• Lesson 8: Completing Our Lab Write-Up (~90 min)  
• Lesson 9: Our Final Edits and Reflections (~90 min) 

 
Student Lesson Guides are not necessary for, and thus, not provided for: 

• Lesson 5: Setting Up Our Experiment (~60 min) 
• Lesson 6:  Collecting Our Data and Caring for Our Plants (~20 min each class, 

for ~3 weeks) 
• OPTIONAL Lesson 10: Our Final Presentations (~60 min) 
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Activity Overall Objectives 

Content Curricular Core 
Possible content related 
objectives may include that 
students can: 
• investigate and apply the 

concepts of chemical 
processes to agricultural 
practices including the 
effects of water and 
nutrients on plant growth 

• investigate and apply the 
concepts of energy flow to 
agricultural practices 

• investigate and apply the 
concepts of natural and 
artificial selection to 
agricultural practices 

• explore the similarities and 
differences, and the validity 
of, Traditional Ways of 
Knowing and 
Communicating, and 
Eurocentric science 
practices 

 

Student can: 
• make observations aimed 

at identifying their own 
questions about their world 

• formulate multiple 
hypotheses and predict 
multiple outcomes 

• collaboratively and 
individually plan, select, 
and use appropriate 
investigation methods, 
including field work and lab 
experiments, to collect 
reliable data (qualitative 
and quantitative) 

• construct, analyze, and 
interpret graphs, models, 
and diagrams 

• seek and analyze patterns, 
trends, and connections in 
data, including describing 
relationships between 
variables, and any identify 
inconsistencies in data 

• use knowledge of scientific 
concepts to draw 
conclusions that are 
consistent with evidence 

• evaluate their methods and 
experimental conditions, 
including identify sources of 
error or uncertainty, 
confounding variables, and 
possible alternative 
explanations and 
conclusions 

• describe specific ways to 
improve their investigation 
methods and the quality of 
their data 

• communicate scientific 
ideas, claims, and 
information, using 
evidence-based arguments, 
and using appropriate 
scientific language, 
conventions, and 
representations 

Student can: 
• present information clearly 

and in an organized way 
• work with others to achieve 

a common goal; do their 
share 

• take on roles and 
responsibilities within a 
group 

• take ownership of their 
goals, learning, and 
behaviour 

• get new ideas, or build on 
others’ ideas, to create new 
things within the constraints 
of a form, a problem, or 
materials 

• consider more than one 
way to proceed with an 
investigation 

• reflect on and evaluate their 
thinking, products, and 
actions 

• persevere to develop their 
ideas; they expect 
ambiguity, failure, and 
setbacks, and use them to 
advance their thinking 

• be kind to others, work and 
play cooperatively, and 
build relationships with 
people of their choosing 

• identify when others need 
support and provide it 

• be aware of how others 
may feel and take steps to 
help them feel included 
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Activity’s Recommended Sequencing 
Please note that this group activity is an ongoing project exploring experimental design; 
it can be adapted to be condensed or expanded depending on the learners’ needs and 
the amount of time available. 
 

o OPTIONAL LESSON 
• Introduction to Indigenous Medicine Wheels (~60 min) 

§ the Introduction to Indigenous Medicine Wheel activity is designed to 
introduce students to Medicine Wheels and an alternative approach 
to reflect upon their learning and to connect their learning to their own 
unique physical, mental, emotional, and spiritual aspects 

§ the time invested in this activity can be built upon with many future 
learning activities and reflections, regardless of content 

§ the activity may be accessed at https://wcln.ca/local/lor/index.php 
 

o RECOMMENDED PROVOCATION LESSON 
• The Three Sisters Story (~60 min) 

• https://wcln.ca/local/lor/index.php 
• the Three Sisters Story activity provides students with a very brief 

introduction to some First Peoples’ perspectives and methods of 
agricultural practices, to the use of story-telling to pass on 
knowledge, and it helps to reinforce some of the teachings of the 
Medicine Wheel  

• as well, this provocation activity helps introduce students to some 
variables that influence plant growth and that they may wish to 
design their experiment around 

• alternate provocation lessons can include: 
• a nature walk with a local elder discussing traditional plants 

and knowledge 
• a visit to local farms that grow produce 
• an exploration of data and videos regarding the food needs, 

and various forms of food production, throughout the world 
 

o EXPERIMENTAL DESIGN LESSONS 
• Lesson 1: Introduction to Experimental Design (~60 min) 
• Lesson 2: Doing Background Research (~120 min) 
• Lesson 3: Designing Our Experiment (~60 min) 
• Lesson 4: Beginning Our Lab Write-Up (~120 min) 
• Lesson 5: Setting Up Our Experiment (~60 min) 
• Lesson 6:  Collecting Our Data and Caring for Our Plants (~20 min each 

class, for 3 weeks) 
• Lesson 7: Analyzing Our Data (~120 min) 
• Lesson 8: Completing Our Lab Write-Up (~90 min) 
• Lesson 9: Our Final Edits and Reflections (~90 min) 
• OPTIONAL Lesson 10: Our Final Presentations (~60 min) 
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Detailed Lesson Plans 

PROVOCATION LESSON: The Three Sisters Story 
o Time  = ~ 60 min 
o Link: https://wcln.ca/local/lor/index.php, further details are within the link 

 
LESSON 1: Introduction to Experimental Design 

o Time  = ~ 60 min 
o Background Support for Facilitators 

• resources for The Scientific Method 
§ The 6 Steps of the Scientific Method, from Thought Co at 

https://www.thoughtco.com/steps-of-the-scientific-method-p2-606045 
§ How to Use the Scientific Method, from wikiHow at 

https://m.wikihow.com/Use-the-Scientific-Method 
• resources for “off-roading/alternate paths” of science 

§ These 18 Accidental and Unintended Scientific Discoveries Changed the 
World (https://www.sciencealert.com/these-eighteen-accidental-
scientific-discoveries-changed-the-world) 

o Printable Resources 
• student handout entitled Lesson 1: Introduction to Experimental Design  

§ 1 copy per student 
o Additional Equipment Needed 

• scissors and glue sticks (ideally at least one set per pair of students) 
• document camera (not required but helpful during class discussions) 

o Sequencing 
• PART 1: Review of the Scientific Method (~20 min) 

§ students initially work with a partner and have ~ 5 min to cut out, 
explore, discuss, arrange, and attempt to determine how the icons 
given for Part 1 relate to the scientific method  

§ then as a class, students share their ideas and attempt to agree in 
how to arrange the icons into a coherent order for the scientific 
method 

§ then each student pastes the icons down in the agreed upon order 
(on p.1 of handout) and writes the name of the step and provides a 
brief description 

§ OPTIONAL: instead of cutting and pasting the given icons students 
can develop and draw in their own icons  

§ CHALLENGE OPTION:  remind students that as much as we attempt 
to follow a logical order in science, we often need to re-route and re-
trace our steps 
o encourage students to identify and add in where alternate or 

additional pathways or links may occur between the steps 
o ask students for share any examples, that they know of, where 

alternate routes have been followed when making scientific 
discoveries  (for example: discovery of penicillin, x-rays, and 
microwaves) 
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Detailed Lesson Plans Continued 
• PART 2: Some Keys to Experimental Design (~20 min) 

§ as a class,  students explore and discuss the four main classes of 
variables (independent, dependent, controlled, and uncontrolled) 

§ as a class, students are reminded of, or introduced to, how 
independent and dependent variables are plotted on a graph 

§ as a class, students are introduced to a template flow chart for 
Experimental Design (they will use a similar flow chart to design their 
experiment in a later lesson) 

• PART 3: Brainstorm: A Flood of Variables (~10 min) 
§ as individuals, students brainstorm independent and dependent 

variables that can be explored in a plant-based experiment (~5 min) 
§ students then come together in groups of 2-3 to share and continue 

their brainstorming (~5 min) 
§ each student then writes their name on a cue card and lists the 3 

independent and 3 dependent variables that they would be most 
interested in investigating further 

o these cards can then be used next day to help form lab 
teams that are interested in investigating similar variables 

o lab teams may be assigned by the facilitator or the cards may 
be posted in the class next day and students encouraged to 
form a team with others who have similar investigative 
interests (recommend lab teams of 3) 

 
LESSON 2: Background Research 

o Time = ~ 120 min (ideally, 2 blocks of ~60 min) 
o Printable Resources 

• student handout entitled Lab Team Project Guide: Exploring Experimental 
Design with Plants 

§ 1 copy per team or online access to the handout (recommend teams of 
3) 

• student handout entitled Lesson 2: Background Research  
§ 1 copy per student 

o Additional Equipment Needed 
• access to computers and internet (ideally one computer per student) 

o Sequencing 
• students are either assigned or create their own lab team of 3 that is interested 

in investigating similar variables (~5-10 min) 
• as a lab team, students go over the handout entitled Lab Team Project Guide: 

Exploring Experimental Design with Plants (~20 min) 
• as a lab team, students work collaboratively to complete the handout entitled 

Lesson 2: Background Research (~90 min) 
§ each student is responsible for contributing to the teams’ knowledge 

and for filling-in and completing their own copy of the handout  
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Detailed Lesson Plans Continued 
LESSON 3: Designing Our Experiment 

o Time = ~ 60 min  
o Printable Resources 

• student handout entitled Lesson 3: Designing Our Experiment 
§ 1 copy per team 

o Additional Equipment Needed 
• access to computers and internet (1 computer per team) 
• smart phone to take and upload proposed experimental design 

o Sequencing 
• students assemble in their teams 
• each team uses their knowledge from Lessons 1 and 2 to complete Lesson 3  
• each team creates a hand-written, rough copy of the handout entitled Flow 

Chart: Proposed Plant-Based Experiment 
• each team shares their rough copy with the facilitator for feedback 
• each team creates a hand-written, good copy of the handout entitled Flow 

Chart: Proposed Plant-Based Experiment  
§ the team takes a photo of the good copy and uploads it to their team 

document 
 
LESSON 4: Beginning Our Lab Write-Up 

o Time = ~ 120 min (ideally 2 blocks of ~60 min) 
o Printable Resources 

• student handout entitled Lesson 4: Beginning Our Lab Write-Up 
§ 1 copy per student 

o Additional Equipment Needed 
• computers and internet access (ideally 1 computer per student) 

o Sequencing 
• students assemble in their teams 
• teams work on Lesson 4: Beginning Our Lab Write-Up in their shared team 

document including: 
§ creating a proper scientific title for their experiment 
§ creating a rough draft of their: 

o background 
o purpose 
o hypothesis 
o materials 
o methods 
o data tables 

§ creating a proposed calendar of who is responsible for what, and by 
when 

• teams must determine who responsible for bringing what materials and 
supplies by the beginning of Lesson 5: Setting Up Our Experiment 

 
 

 



 Science (Biology) Grades 9-10 
  

Facilitator’s Guide 
Page 7 of 10 

Detailed Lesson Plans Continued 
LESSON 5: Setting Up Our Experiment 

o Time = ~ 60 min  
o Printable Resources 

§ none required 
o Additional Equipment Needed 

• counter/shelf space for each team (enough to support 12-20 plants in 
styrofoam cups or similar such containers per team) 

• sufficient natural light or grow lights to support plant growth 
• whatever plant growing materials you are willing/able to provide: 

§ styrofoam cups or similar such containers (12-20 per lab team) 
§ potting soil (~10 L per class) 
§ water (tap or distilled) 
§ beakers and or graduated cylinders 
§ masking tape 
§ permanent markers 
§ any other supplies previously suggested by, and discussed with, each 

individual team (such as various fertilizers and nutrient sources) 
• smart phone to take and upload photos of their experimental set-up 

o Sequencing 
• students assemble in their teams 
• teams work to set up their experiment (~45 min) 
• teams take and upload photos of their experimental set up (~5 min) 

§ reminder: caution students about the risks of mixing phones and 
computers with lab materials 

§ ensure they have a separate space for their computers and their lab 
set-up 

• teams clean up and ensure the class space is left spotless (~10 min) 
• teams review their proposed calendars and who is responsible for what, and 

by when 
 
LESSON 6: Collecting Our Data and Caring for Our Plants 

o Time = ~ 20 min per class over a period of 3 weeks (this may be adjusted to reflect 
the school’s particular time table) 

o Printable Resources 
• none required 

o Additional Equipment Needed 
• whatever materials are required by the students to measure their dependent 

variable (such as rulers, calipers, weigh scales) 
• computers and internet access (1 per team will work) 
• smart phone to take and upload photos of their plants 

o Sequencing 
• students assemble in their teams 
• teams collect quantitative and qualitative data and enter it into their shared, 

team document (~10 min) 
• teams care for their plants (~5 min) 
• teams clean up and make sure the classroom is spotless (~5 min) 
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Detailed Lesson Plans Continued 
LESSON 7: Analyzing Our Data 

o Time = ~ 120 min  
o Printable Resources 

• student handout entitled Lesson 7: Analyzing Our Data 
§ one copy per student 

o Additional Equipment Needed 
• computers and internet access (1 per student) 

o Sequencing 
• students assemble in their teams 
• teams collect any final data and then dispose of their experiment and tidy up 

(~30 minutes) 
• students work through Lesson 7: Analyzing Our Data  

§ Part 1: Individual Skills (~45 min) 
o students work independently on a computer to create an individual 

file and then to create a table and graphs for a provided data set 
o students may use their peers for advice and tips, but they must 

demonstrate to the facilitator that they are reasonably competent 
at figuring out and using the computer programs on their own 

§ Part 2: Team Skills (~45 min) 
o students work collaboratively, in their shared, team document, to 

analyze and present the data from their experiment 
 
LESSON 8: Completing Our Write-Up Lab 

o Time = ~ 90 minutes 
o Printable Resources 

• student handout entitled Lesson 8: Completing Our Final Lab Write-Up 
§ one copy per student 

o Additional Equipment Needed 
• computers and internet access (1 per student) 

o Sequencing 
• students assemble in their teams 
• teams work collaboratively to write a rough draft of their: 

§ written analysis of their results (~45 minutes) 
§ conclusion (~45 minutes) 

• if teams finish early, they should begin proof-reading their write-up from the very 
beginning 
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Detailed Lesson Plans Continued 
LESSON 9: Our Final Edits and Reflections 

o Time = ~ 90 min  
o Printable Resources 

• student handout entitled Lesson 9: Our Final Edits and Reflections 
§ one copy per team 

• Self-Assessment for Exploring Experimental Design with Plants (one copy per 
student and Individual Assessment of My Lab Team (1 copy per student, 
students already received this in the handout entitled Lab Team Project Guide 
which their team manager should have) 

o Additional Equipment Needed 
• computers and internet access (1 per student) 

o Sequencing 
• teams work collaboratively to do a final edit of their lab write-up (~60 minutes) 

§ each student must do a full, final proof-read of every single section of 
the lab write-up 

§ each student must sign off on the team’s Lab Write-Up Final Check List 
and Sign Off 

• individually, each student must complete their assessments of self and team 
(~30 minutes) 

• teams submit their lab-write up, their Final Lab Write-Up Check List and Sign 
Off, and their individual Self-Assessments for Exploring Experimental Design 
with Plants and Individual Assessments of My Lab Team as one package 

 
OPTIONAL LESSON 10: Our Final Presentation 

o Time = ~ 60 minutes 
o Printable Resources 

• none provided however, you may ask students to provide some peer feedback 
to other groups 

o Sequencing 
• students present their experiment to their peers 
• if you are choosing the Final Presentation option you may wish to have teams 

format their final lab report as a Science Poster  
§ a fantastic, short, clear video on Making a Better Research Poster can 

be found at https://www.youtube.com/watch?v=AwMFhyH7_5g (3:53 min) 
§ Berkley has a hilarious (borderline off-side) Scientific Poster Design pdf 

available at https://hsp.berkeley.edu/sites/default/files/ScientificPosters.pdf 
§ If you really wish to introduce your students to quality poster making 

and effective academic communication Animate Your Science has an-
in-depth and humorous post about University Academic Posters at 
https://www.animateyour.science/post/how-to-design-an-award-winning-
conference-poster 

o Note: Animate Your Science specializes in helping scientist 
communicate clearly and they do an excellent job of modeling 
the process themselves 

• teams may present: 
§ to the entire class 
§ as a rotating gallery walk 
§ within small sharing circles with 1 or 2 other teams 
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Group Activity for Experimental Design Unit 
Exploring Experimental Design with Plants 

Lab Team Project Guide 
 
 
GROUP MEMBERS 

o contact information: 
• ____________________(name) Cell #:___________________(optional) 
• ____________________(name) Cell #:___________________(optional) 
• ____________________(name) Cell #:___________________(optional) 
• ____________________(name)  Cell #:___________________(optional) 

 
o providing your cell number is optional but it is very important that your group 

members have the ability to contact you in case you are absent, you need a 
reminder, or you need to get together outside of class time to complete your project 

 
 
PURPOSE 

o to work together: 
• to learn more about experimental design 
• to continue to develop our skills around: 

§ working together and doing our share 
§ collaborating and creating 
§ researching and communicating our learning 
§ being accountable for our choices, actions, and behaviours, both as a 

group member and as a global citizen 
§ providing meaningful reflection/assessment of our own learning 

 
 
INSTRUCTIONS 

o read through the entire overview as a team 
o if you have any questions or concerns attempt to work them out as a group, if you 

cannot work them out, then ask for additional help 
 
 
OVERVIEW 

o we will work in groups of 3 to complete this on-going investigation 
o at the beginning, and end, of each Lesson we will read the appropriate Lesson’s 

Checklist to ensure that we are on track 
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o Overall Sequence: 
• Optional Lesson: Provocation Activity 
• Lesson 1: Introduction to Experimental Design (~60 min) 
• Lesson 2: Doing Background Research (~120 min) 
• Lesson 3: Designing Our Experiment (~60 min) 
• Lesson 4: Beginning Our Lab Write-Up (~120 min) 
• Lesson 5: Setting Up Our Experiment (~60 min) 
• Lesson 6:  Collecting Our Data and Caring for Our Plants (~20 min each 

class, for ~3 weeks) 
• Lesson 7: Analyzing Our Data (~90 min) 
• Lesson 8: Completing Our Lab Write-Up (~90 min) 
• Lesson 9: Our Final Edits and Reflections (~90 min) 
• OPTIONAL Lesson 10: Our Final Presentations (~60 min) 

 
IMPORTANT REMINDER 

o society, and careers, are rapidly changing; it is becoming less about the knowledge 
and facts we already know, and more about our abilities to collaborate to rapidly 
acquire, and innovatively apply, new knowledge 

o as such, we have a responsibility to ourselves and our group members to: 
• complete each lesson on time and to the highest of standards 
• have all necessary handouts and materials available, in class, at all times 
• attend all classes with a positive, engaged, and cooperative attitude 
• help ensure our group members have a positive, engaged, and cooperative 

attitude; if a group member is struggling, we should ask them how we can 
help: 

§ Is our group member hangry? Can we offer them some food? 
§ Is our group member confused? Can we offer them some guidance? 
§ Is our group member feeling unheard? Can we offer them some time 

when we really listen? 
§ Is our group member having a rough day, week, month, year, life?  

Can we offer them some empathy, kindness, humour, comfort, and/or 
encouragement? 

§ Is our group member having trouble focussing?  Can we offer them 
some space, a distraction free-environment, timed tasks with small 
rewards, breaks, and/or praise as they are achieved? 

 
 
CHECKLIST FOR LESSON 1 (~60 min) 

q we each completed Lesson 1: Introduction to Experimental Design  
o note: Lesson 1 was completed last day prior to you forming lab teams and 

receiving this checklist 
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CHECKLIST FOR LESSON 2 (~120 min) 
 

q we decided who will be the team manager (must have excellent attendance) 
o the team manager, _______________________ (name), will: 

• keep this handout and have it available for each and every class 
• ensure that our team goes over the appropriate Lesson Checklist at 

the beginning, and end, of each lesson 
• ensure that our team is aware of, and honouring, our individual and 

team responsibilities 
• contact any team members who are away, share any critical 

information and data that may have been missed, and ensure that 
absent team members are aware of any responsibilities that need to 
be completed before next class 
 

q as a team, we skimmed over the assessment documents at the end of this guide 
so that we are aware of what skills and knowledge are to be developed and 
assessed 

o we are aware of our goals and have discussed the standards we are 
working towards 

 
q we created a shared team document that all team members have access to 

o the team document will be formatted and updated throughout the lab 
project 
• we are aware that all team members are expected to consistently 

contribute to this document 
o for Lesson 2’s purposes we created the following in the team document: 

• a Lab Team Contact List  
• a Reference List that will be continually updated to include URLs for 

helpful and relevant websites related to: 
§ our background research (text or video) 
§ formatting lab write-ups (text) 
§ data analysis 
§ data or figures specific to our lab design 

 
q we began our background research and are aware that we are each responsible 

for completing Lesson 2 before the beginning of Lesson 3 
 
 
CHECKLIST FOR LESSON 3 (~60 min) 
 

q as a team, we checked in with each team member 
o How are we doing today in general? 
o How are we doing with respect to the lab project?  Any questions or 

concerns? Are we on schedule?  Do we need any help?
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q each member of our team received their own copy of the handout entitled Lesson 
3: Designing Our Experiment  
 

q as a team we reflected on Lesson 1 and 2 and used our knowledge to: 
 

o complete a rough copy of the Flow Chart: Proposed Plant-Based 
Experiment 

o complete a good copy of the Flow Chart: Proposed Plant-Based 
Experiment 
 

q we completed our experiment proposal and took a photo of our good copy of the 
flow chart and uploaded it to our team document 
 
 

CHECKLIST FOR LESSON 4 (~120 min) 
 

q as a team, we checked in with each team member 
o How are we doing today in general? 
o How are we doing with respect to the lab project?  Any questions or 

concerns? Are we on schedule?  Do we need any help? 
 

q each member of our team received their own copy of the handout entitled Lesson 
4: Beginning Our Lab Write-Up 
 

q as a team, we worked on our shared, team document to create: 
o an accurate scientific title for our lab write-up 
o a rough copy of our: 

• background 
• purpose 
• hypothesis 
• materials 
• methods 
• data tables 

o a proposed calendar for our experiment, assigning who was responsible for 
what, and by when 

o a proposed list of who was responsible for bringing what materials and 
supplies by the beginning of Lesson 5 

 
q we are aware that we are each responsible for completing Lesson 4 before 

the beginning of Lesson 5 
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CHECKLIST FOR LESSON 5 (~60 min) 
 

q as a team, we checked in with each team member 
o How are we doing today in general? 
o How are we doing with respect to the lab project?  Any questions or 

concerns? Are we on schedule?  Do we need any help? 
 

q as a team we exercised extreme CAUTION and CARE as we are aware that 
computers, phones, dirt, and water are not the best mix  
 

q as a team, we set-up our experiment making sure: 
o we followed our methods and recorded any changes that may have been 

made 
o we clearly and completely labeled everything with: 

• our lab team name 
• today’s date 
• the independent variable/treatment level 

o we took clear, explanatory photos of our experimental set-up and posted 
them to our shared, team document 

 
q as a team, we tidied up our space and helped to tidy up the common spaces of the 

classroom so that it is spotless 
 

q as a team, we went over our proposed calendar and made sure each team member 
knows who is responsible for what and by when 

 
 
CHECKLIST FOR LESSON 6 (~20 min, every class, for ~3 weeks) 
 

q as a team, we checked in with each team member 
o How are we doing today in general? 
o How are we doing with respect to the lab project?  Any questions or 

concerns? Are we on schedule?  Do we need any help? 
 

q as a team we exercised extreme CAUTION and CARE as we are aware that 
computers, phones, dirt, and water are not the best mix  
 

q as a team we: 
o collected and in-putted our data into our shared, team document 
o took, and uploaded photos, of our plants into our team document 
o took care of our plants as specified by our methods (and noted if we made 

any changes to our proposed methods) 
o tidied up our space and helped to tidy up the common spaces of the 

classroom so that it is spotless 
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CHECKLIST FOR LESSON 7 (~120 min) 
 

q as a team, we checked in with each team member 
o How are we doing today in general? 
o How are we doing with respect to the lab project?  Any questions or 

concerns? Are we on schedule?  Do we need any help? 
 

q as a team, we exercised extreme CAUTION and CARE as we are aware that 
computers, phones, dirt, and water are not the best mix  
 

q as a team we finished up our final data collection (~30 minutes) including: 
o collecting and in-putting our final data into our team document 
o taking, and uploading, photos of our plants  
o disposing of our plants in the proper manner 
o cleaning and returning (to the correct location) any borrowed equipment 
o tiding up our space and helping to tidy up the common spaces of the 

classroom so that it is spotless 
 

q we each received a copy of the handout entitled Lesson 7: Analyzing Our Data 
 

q as individuals we worked through and completed Part 1: Individual Skills (~45 min) 
o when necessary we had peers help us 
o we, each, are able to demonstrate that we are reasonably competent at 

using computer programs to create effective data tables and graphs 
 

q as a team, we worked through and completed Part 2: Team Skills (~45 min) 
 

 
 
CHECKLIST FOR LESSON 8 (~90 min) 
 

q as a team, we checked in with each team member 
o How are we doing today in general? 
o How are we doing with respect to the lab project?  Any questions or 

concerns? Are we on schedule?  Do we need any help? 
 

q we each received a copy of the handout entitled Lesson 8: Completing Our Lab 
Write-Up 

 
q as a team, we collaborated to write-up our lab in our shared, team document 

 
q we used Lesson 8: Completing Our Final Lab Write-Up, to help guide us  

 
q we are aware that we are each responsible for completing Lesson 8 before 

the beginning of Lesson 9 
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CHECKLIST FOR LESSON 9 (~90 min) 
 

q as a team, we checked in with each team member 
o How are we doing today in general? 
o How are we doing with respect to the lab project?  Any questions or 

concerns? Are we on schedule?  Do we need any help? 
 

q as a team, we received one copy of the handout entitled Lesson 9: Our Final Edits 
and Reflections 

 
q as a team we collaborated to do a final proof-read and edit of our lab write-up (~60 

min) 
o each of us read through the same section at the same time on our own 

computers and we made suggestions and necessary edits together as we 
went along 

o each of us carefully read through every, single section of the write-up, from 
beginning to end 

o each team member signed off on the team’s Lab Write-Up Final Check List 
and Sign Off  
 

q as individuals, we each completed our Self-Assessment for Exploring 
Experimental Design with Plants  and our Individual Assessment for My Lab Team 
(found at the end of this handout, there are three copies, one for each team 
member) (~30 min) 
 

q we are aware that we are each responsible for completing Lesson 9 and 
submitting our final lab write-up by _________________ (time) on 
________________________ (date)  
 
 

 
CHECKLIST FOR OPTIONAL LESSON 10 (~60 min) 
 

q if your class is doing a Final Presentation you will be given further, detailed  
instructions at the time  
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Group Activity: Exploring Experimental Design with Plants 

Self-Assessment  
Name: ________________________ 
 
INSTRUCTIONS 
 

o consider your actions, interactions, mindset, final product, and overall learning throughout the lab 
project 
 

o provide specific, evidence-based feedback for your assessment  
• P example: I am still refining taking ownership of my goals, learning, or behaviour.  

Unfortunately, I was not always as focussed or helpful to my team as I should have been.  
I would often socialize when we were supposed to be collecting data and this put my group 
behind and contributed to sloppy data collection. It also made it difficult to maintain a 
positive relationship with my lab team. In the future I will ask my team and teacher to 
support me and correct me if I am struggling and then I will work on respecting and 
honouring such corrections.   
 

• O example:  I was off-task a lot. 
 
 
Assessment Scale 
 

 
Acquiring 

1 
Developing 

2 
Refining 

3 
Mastering 

4 
Extending 

4+ 
 
 
 
 

 
 

    

 
 

Competency 
Area 

Competency Statement 
I can: 1 2 3 4 4+ 

Core o work to achieve a common goal; do my share: 
• I consistently completed my tasks on time 
• I contributed to group ideas and group tasks 
• I helped my group members when needed 

     

o take ownership of my goals, learning, and behavior: 
• I did my work, no excuses, without blaming 

others, the environment, or the task  
• I consistently tried hard 
• I am proud of my work, learning, and behaviour 
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Competency 

Area 
Competency Statement 

I can: 
1 2 3 4 4+ 

Curricular 
 

o make observations aimed at identifying my own 
questions about the world 

• I and my team decided to design a plant-
based experiment around variables that 
interested us and that we saw relevance in 

 

     

o formulate multiple hypotheses and predict multiple 
outcomes 

• I, and my team, came up with an initial 
hypothesis that was supported with our 
precious science knowledge 

• I, and my team, were able to generate several 
more related hypotheses and lines of future 
investigation in our conclusion 

     

o collaboratively and individually plan, select, and use 
appropriate investigation methods, including lab 
experiments, to collect reliable data (qualitative and 
quantitative) 

     

o construct, analyze, and interpret graphs, models, and 
diagrams 

• I can clearly demonstrate my ability to use 
various computer programs to create effective 
data tables and graphs  

     

o seek and analyze patterns, trends, and connections in 
data, including describing relationships between 
variables, and identify inconsistencies 

     

o use knowledge of scientific concepts to draw 
conclusions that are consistent with evidence 

     

o evaluate our methods and experimental conditions, 
including identifying sources of error or uncertainty, 
confounding variables, and possible alternative 
explanations and conclusions 

     

o describe specific ways to improve our investigation 
methods and the quality of our data 

     

o communicate scientific ideas, claims, and information, 
using evidence-based arguments, and using 
appropriate scientific language, conventions, and 
representations 
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Please Provide specific evidence for your assessment of your: 
 

1. Core skills: 
 
 
 
 
 
 
 
 
 

2. Curricular knowledge/skills: 
 
 
 
 
 
 
 
 
 
 
Please identify one aspect of this lab project that you are particularly proud of and explain why. 
 
 
 
 
 
 
 
 
 
Please identify one thing you found challenging throughout this lab project and give specific 
recommendations on how you would approach that challenge differently next time. 
 
 
 
 
 
 
 
 
Please make two recommendations for improving the delivery of this lab project to further students. In 
other words, what can be done to make it easier to understand or follow? 
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Group Activity: Exploring Experimental Design with Plants 

Individual Assessment of My Lab Team 
 
My Name: ______________________ 
My Teammates’ Names: ______________________, ______________________ 
 
INSTRUCTIONS 

o consider your team’s actions, interactions, mindset, final product, and overall learning throughout 
the project 

o provide specific, evidence-based feedback for your assessment  
 

• P example: As a team we mastered recognizing there are different points of view and 
disagreeing respectfully.  In particular, when we disagreed on how to do our final graphs, 
we worked together to find on-line resources that clearly explained the best way to present 
our data.  This led us to recognize that we were working with continuous data and as such 
could not present using a bar graph as I had first suggested. 
 

• O example:  As a team we mastered recognizing there are different points of view and 
simply agreed to disagree. 

 
 

Competency 
Area 

Competency Statement 
As a group we could: 1 2 3 4 4+ 

Core o recognize there are different points of view and 
disagree respectfully 
 

     

o monitor our progress and adjust our actions to make 
sure we achieved what we wanted 

 
 
 

    

o be kind to others, and work and play together 
cooperatively 
 

     

o be aware of how others felt and take steps to include 
them 
 

     

Please provide specific evidence for one of your 
above assessments: 
 
 
 
 
 
 
 
 
 
 
 
 
 

Please colour the pie chart and key to indicate how 
much each individual contributed to the team (each 
slice of pie = 10%) 
 
Key (name): 
£ ___________________ 
£ ___________________ 
£ ___________________ 
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Group Activity: Exploring Experimental Design with Plants 

Self-Assessment  
Name: ________________________ 
 
INSTRUCTIONS 
 

o consider your actions, interactions, mindset, final product, and overall learning throughout the lab 
project 
 

o provide specific, evidence-based feedback for your assessment  
• P example: I am still refining taking ownership of my goals, learning, or behaviour.  

Unfortunately, I was not always as focussed or helpful to my team as I should have been.  
I would often socialize when we were supposed to be collecting data and this put my group 
behind and contributed to sloppy data collection. It also made it difficult to maintain a 
positive relationship with my lab team. In the future I will ask my team and teacher to 
support me and correct me if I am struggling and then I will work on respecting and 
honouring such corrections.   
 

• O example:  I was off-task a lot. 
 
 
Assessment Scale 
 

 
Acquiring 

1 
Developing 

2 
Refining 

3 
Mastering 

4 
Extending 

4+ 
 
 
 
 

 
 

    

 
 

Competency 
Area 

Competency Statement 
I can: 1 2 3 4 4+ 

Core o work to achieve a common goal; do my share: 
• I consistently completed my tasks on time 
• I contributed to group ideas and group tasks 
• I helped my group members when needed 

     

o take ownership of my goals, learning, and behavior: 
• I did my work, no excuses, without blaming 

others, the environment, or the task  
• I consistently tried hard 
• I am proud of my work, learning, and behaviour 
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Competency 
Area 

Competency Statement 
I can: 

1 2 3 4 4+ 

Curricular 
 

o make observations aimed at identifying my own 
questions about the world 

• I and my team decided to design a plant-
based experiment around variables that 
interested us and that we saw relevance in 

 

     

o formulate multiple hypotheses and predict multiple 
outcomes 

• I, and my team, came up with an initial 
hypothesis that was supported with our 
precious science knowledge 

• I, and my team, were able to generate several 
more related hypotheses and lines of future 
investigation in our conclusion 

     

o collaboratively and individually plan, select, and use 
appropriate investigation methods, including lab 
experiments, to collect reliable data (qualitative and 
quantitative) 

     

o construct, analyze, and interpret graphs, models, and 
diagrams 

• I can clearly demonstrate my ability to use 
various computer programs to create effective 
data tables and graphs  

     

o seek and analyze patterns, trends, and connections in 
data, including describing relationships between 
variables, and identify inconsistencies 

     

o use knowledge of scientific concepts to draw 
conclusions that are consistent with evidence 

     

o evaluate our methods and experimental conditions, 
including identifying sources of error or uncertainty, 
confounding variables, and possible alternative 
explanations and conclusions 

     

o describe specific ways to improve our investigation 
methods and the quality of our data 

     

o communicate scientific ideas, claims, and information, 
using evidence-based arguments, and using 
appropriate scientific language, conventions, and 
representations 
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Please Provide specific evidence for your assessment of your: 
 

2. Core skills: 
 
 
 
 
 
 
 
 
 

3. Curricular knowledge/skills: 
 
 
 
 
 
 
 
 
 
 
Please identify one aspect of this lab project that you are particularly proud of and explain why. 
 
 
 
 
 
 
 
 
 
Please identify one thing you found challenging throughout this lab project and give specific 
recommendations on how you would approach that challenge differently next time. 
 
 
 
 
 
 
 
 
Please make two recommendations for improving the delivery of this lab project to further students. In 
other words, what can be done to make it easier to understand or follow? 
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Group Activity: Exploring Experimental Design with Plants 

Individual Assessment of My Lab Team 
 
My Name: ______________________ 
My Teammates’ Names: ______________________, ______________________ 
 
INSTRUCTIONS 

o consider your team’s actions, interactions, mindset, final product, and overall learning throughout 
the project 

o provide specific, evidence-based feedback for your assessment  
 

• P example: As a team we mastered recognizing there are different points of view and 
disagreeing respectfully.  In particular, when we disagreed on how to do our final graphs, 
we worked together to find on-line resources that clearly explained the best way to present 
our data.  This led us to recognize that we were working with continuous data and as such 
could not present using a bar graph as I had first suggested. 
 

• O example:  As a team we mastered recognizing there are different points of view and 
simply agreed to disagree. 

 
 

Competency 
Area 

Competency Statement 
As a group we could: 1 2 3 4 4+ 

Core o recognize there are different points of view and 
disagree respectfully 
 

     

o monitor our progress and adjust our actions to make 
sure we achieved what we wanted 

 
 
 

    

o be kind to others, and work and play together 
cooperatively 
 

     

o be aware of how others felt and take steps to include 
them 
 

     

Please provide specific evidence for one of your 
above assessments: 
 
 
 
 
 
 
 
 
 
 
 
 
 

Please colour the pie chart and key to indicate how 
much each individual contributed to the team (each 
slice of pie = 10%) 
 
Key (name): 
£ ___________________ 
£ ___________________ 
£ ___________________ 
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Group Activity: Exploring Experimental Design with Plants 

Self-Assessment  
Name: ________________________ 
 
INSTRUCTIONS 
 

o consider your actions, interactions, mindset, final product, and overall learning throughout the lab 
project 
 

o provide specific, evidence-based feedback for your assessment  
• P example: I am still refining taking ownership of my goals, learning, or behaviour.  

Unfortunately, I was not always as focussed or helpful to my team as I should have been.  
I would often socialize when we were supposed to be collecting data and this put my group 
behind and contributed to sloppy data collection. It also made it difficult to maintain a 
positive relationship with my lab team. In the future I will ask my team and teacher to 
support me and correct me if I am struggling and then I will work on respecting and 
honouring such corrections.   
 

• O example:  I was off-task a lot. 
 
 
Assessment Scale 
 

 
Acquiring 

1 
Developing 

2 
Refining 

3 
Mastering 

4 
Extending 

4+ 
 
 
 
 

 
 

    

 
 

Competency 
Area 

Competency Statement 
I can: 1 2 3 4 4+ 

Core o work to achieve a common goal; do my share: 
• I consistently completed my tasks on time 
• I contributed to group ideas and group tasks 
• I helped my group members when needed 

     

o take ownership of my goals, learning, and behavior: 
• I did my work, no excuses, without blaming 

others, the environment, or the task  
• I consistently tried hard 
• I am proud of my work, learning, and behaviour 
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Competency 
Area 

Competency Statement 
I can: 

1 2 3 4 4+ 

Curricular 
 

o make observations aimed at identifying my own 
questions about the world 

• I and my team decided to design a plant-
based experiment around variables that 
interested us and that we saw relevance in 

 

     

o formulate multiple hypotheses and predict multiple 
outcomes 

• I, and my team, came up with an initial 
hypothesis that was supported with our 
precious science knowledge 

• I, and my team, were able to generate several 
more related hypotheses and lines of future 
investigation in our conclusion 

     

o collaboratively and individually plan, select, and use 
appropriate investigation methods, including lab 
experiments, to collect reliable data (qualitative and 
quantitative) 

     

o construct, analyze, and interpret graphs, models, and 
diagrams 

• I can clearly demonstrate my ability to use 
various computer programs to create effective 
data tables and graphs  

     

o seek and analyze patterns, trends, and connections in 
data, including describing relationships between 
variables, and identify inconsistencies 

     

o use knowledge of scientific concepts to draw 
conclusions that are consistent with evidence 

     

o evaluate our methods and experimental conditions, 
including identifying sources of error or uncertainty, 
confounding variables, and possible alternative 
explanations and conclusions 

     

o describe specific ways to improve our investigation 
methods and the quality of our data 

     

o communicate scientific ideas, claims, and information, 
using evidence-based arguments, and using 
appropriate scientific language, conventions, and 
representations 
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Please Provide specific evidence for your assessment of your: 
 

3. Core skills: 
 
 
 
 
 
 
 
 
 

4. Curricular knowledge/skills: 
 
 
 
 
 
 
 
 
 
 
Please identify one aspect of this lab project that you are particularly proud of and explain why. 
 
 
 
 
 
 
 
 
 
Please identify one thing you found challenging throughout this lab project and give specific 
recommendations on how you would approach that challenge differently next time. 
 
 
 
 
 
 
 
 
Please make two recommendations for improving the delivery of this lab project to further students. In 
other words, what can be done to make it easier to understand or follow? 
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Group Activity: Exploring Experimental Design with Plants 

Individual Assessment of My Lab Team 
 
My Name: ______________________ 
My Teammates’ Names: ______________________, ______________________ 
 
INSTRUCTIONS 

o consider your team’s actions, interactions, mindset, final product, and overall learning throughout 
the project 

o provide specific, evidence-based feedback for your assessment  
 

• P example: As a team we mastered recognizing there are different points of view and 
disagreeing respectfully.  In particular, when we disagreed on how to do our final graphs, 
we worked together to find on-line resources that clearly explained the best way to present 
our data.  This led us to recognize that we were working with continuous data and as such 
could not present using a bar graph as I had first suggested. 
 

• O example:  As a team we mastered recognizing there are different points of view and 
simply agreed to disagree. 

 
 

Competency 
Area 

Competency Statement 
As a group we could: 1 2 3 4 4+ 

Core o recognize there are different points of view and 
disagree respectfully 
 

     

o monitor our progress and adjust our actions to make 
sure we achieved what we wanted 

 
 
 

    

o be kind to others, and work and play together 
cooperatively 
 

     

o be aware of how others felt and take steps to include 
them 
 

     

Please provide specific evidence for one of your 
above assessments: 
 
 
 
 
 
 
 
 
 
 
 
 
 

Please colour the pie chart and key to indicate how 
much each individual contributed to the team (each 
slice of pie = 10%) 
 
Key (name): 
£ ___________________ 
£ ___________________ 
£ ___________________ 
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  Name: ______________________________ 
Date: ______________________________ 

Class: ______________________________ 
 

Group Activity: Exploring Experimental Design with Plants 
LESSON 1: Exploring Experimental Design 

 
PART 1: Review of the Scientific Method (~20 min) 
 
Instructions 

o work with a partner, each partner cuts out their own copy of the “icons” found on p. 7 
o discuss with you partner which part of the scientific method each icon might represent and 

attempt to order them on your desk top 
o be prepared to share your thoughts with the rest of the class 
o as a class, decide how you are going to arrange the icons and then glue them down, name 

them, and write a brief explanation of each step 
o as a class, discuss and add in any alternate pathways that may occur during the scientific 

method 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

PASTE 

ICON 

PASTE 

ICON 

PASTE 

ICON 

PASTE 

ICON 

PASTE 

ICON 

PASTE 

ICON 

PASTE 

ICON 

PASTE 

ICON 
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PART 2: Exploring Experimental Design (~20 min) 
 
Background 

o there are many different ways to design an experiment  
o in this case we will be designing an experiment to explore possible cause-and-

effect relationships between variables 
 

What are Variables? 
o there are four main classes of variables to consider when you are designing an 

experiment 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

_____________________ 
 
• this  variable is the one that the 

scientist intentionally ___________ 
to see if it affects the dependent 
variable 
 

• it is plotted on the ____-axis of a 
graph 

 
 

_____________________ 
 
• this  variable is the one that the 

scientist observes and __________ 
to see if it  and how it is affected by 
the independent variable 
 

• it is plotted on the ____-axis of a 
graph 

 
 

 
• these  variables are intentionally 

______________________ by the 
scientist as they have the potential 
to influence the data and may make 
it difficult to interpret the effects of 
the independent variable 
 

 
_____________________ 

 

 
• these  variables may be difficult to 

__________________ for, but they 
are kept in mind when interpreting 
the data as they have the potential 
to influence the data and may make 
it difficult to interpret the effects of 
the independent variable 

 
_____________________ 

 

• each class of variable 
may influence the 
experimental data  
 

• if variables are not 
correctly applied, 
controlled, and/or 
accounted for, the 
experiment’s data, 
interpretations, and 
conclusions may be 
incorrect and/or 
misleading 
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Why do scientists graph data? 
 

• it makes it easier to see if there is a mathematical ________________________ 
between the independent and dependent variable 
 

• if there is a mathematical relationship, we may be able to develop an equation to 
describe it and then use the equation to make ___________________________ 
 

• as discussed above the _____________________ variable is generally plotted on 
the x-axis while the _____________________variable is generally plotted on the 
y-axis  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
How DO we go about designing an experiment? 
 

o there are many ways to design effective experiments, but it helps to: 
• be observant 
• be curious about what you observe and to ask many questions 
• do background research to learn about what is already known and what 

experiments and approaches have already been tried 
• be creative and open-minded so that you can consider and develop new 

questions and approaches 
• use an Experimental Design Flow Chart to help organize your planning 
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TEMPLATE: EXPERIMENTAL DESIGN FLOW CHART 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Purpose/Question: 
Why are you doing your experiment?  What are you trying to figure out?  Why might 
this information important, relevant, and/or helpful? 

Hypothesis written as an “If/then” statement: 
An educated prediction based on previous knowledge (observed and researched).  It 
predicts that a particular manipulation of the independent variable will have a 
particular effect on the dependent variable. 
Ex:  If the plant is exposed to increasing temperature, then it will grow faster.  

 

Independent 
Variable and 
Treatment 

Levels: 
 

Ex.: 
Temperature  

 
3 treatment 

levels =  
10 °C, 
20 °C, 
30 °C 

 

Dependent 
Variable and 

Method of 
Measure: 

 
Ex.: Growth  

 
3 measures =  
height, 
number of 
leaves, and 
width of leaves 

 

Controlled 
Variables and 
Their Levels: 

 
Ex.:  

 
water = 5 ml/2 
days 

 
soil = 50 ml per 
plant 
 

Uncontrolled 
Variables to 

Keep in Mind: 
 

Ex.:  
 

background 
noise 

 
drafts due to 
people 
 
random insects 

 
 
 

General Outline of Methods (details will be filled out later): 
list key materials and methods 
Ex. Materials: plant containers, seeds, soil, water, ruler, calipers, beakers, permanent 
marker, masking tape, thermometer, temperature-controlled environment, computer, 
camera 
Ex. Method: set up 3 treatment levels with 5 replicates each, grow and observe over 
three weeks, collect height, leaf number, and leaf width data every 3 days, care for 
plants every 3 days 

 
 

Results Section: 
What data will be collected?  What data tables will be needed? How will the data be 
graphed? What figures will be needed? 

 

Replicates and Experimental Repeats: 
Replicates: identical set-ups within an experiment; minimum 3-5 per treatment level 
Experimental Repeats: repeating the entire experiment, from scratch, with all new 
supplies and solutions; usually not done in a school setting; minimum 3-5 in real world 
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PART 3: Brain Storm – A Flood of Variables 
 
Instructions 

o you will be working in groups of 2 or 3 to design and perform a plant-based experiment 
but first you must determine what it is you are interested in investigating 

o begin by individually brainstorming independent variables that may affect plants and the 
dependent variables that might be quantified/measured  

o you will then share your brainstorm with your group members and add on to it with their 
input 

o at the end, each person should obtain a cue card and: 
• write their name on the top 
• create a column for independent variables and list the 3 independent variables they 

are most interested in investigating further 
• create a column for dependent variables and list the 3 dependent variables they 

are most interested in investigating further 
• return the completed cue card to the facilitator 

 
  
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
  

INDEPENDENT VARIABLES 
 
Ex.: temperature 

DEPENDENT VARIABLES and 
MEASURING 

 
Ex.: height and ruler 
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Icons to Cut Out for Part 1 
 
Instructions 

o work with a partner, each partner should cut out their own copy of the “icons”  
o discuss what part of the scientific method each icon might represent and 

attempt to order them on your desk top 
o be prepared to share your thoughts with the rest of the class 
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Name: ______________________________ 
Date: ______________________________ 

Class: ______________________________ 
 

Group Activity: Exploring Experimental Design with Plants 
LESSON 2: Background Research 

 
 
Purpose 
 
You will be designing a plant-based experiment to investigate how a chosen independent 
variable (with 4 different treatment levels) affects a dependent variable related to plant 
growth/productivity.  To properly design your experiment you must first have some 
background on the plants available to you, their basic needs for growing in a classroom 
environment, and of previous research and understandings related to the plant.  The 
activity below will help to direct some of your research around this. 
 
 
Instructions 
 

o you will either be assigned, or choose, a lab team that is interested in investigating 
similar variables as you (based on your cue card from last lesson) 
 

o you have ~120 minutes to complete this lesson 
 

o collaborate with your team to do your background research 
• recall: collaboration does not mean “divide and conquer” the work 
• rather, collaboration means that all team members should be researching 

the same question at the same time however, they should be using different 
websites, the team then compares and discusses their information and each 
member records for themselves, the information that they believe to be most 
relevant and accurate 
 

o please create a shared team document and: 
• list each team member’s contact information 
• keep a list of relevant, helpful websites (and their URLs)  

§ update this list throughout the experiment 
 

o please keep your own set of research notes, written by hand, in point form, in your 
own words 

• Valid Question:  “Why can’t I simply cut and paste my research into our 
shared team document?” 

• Answer based on scientific data: 
§ writing by hand, in point form, leads to greater retention and 

understanding (two peer-reviewed articles on this topic include: Mueller, P.A., and 
Oppenhiemer, D.M., (2014) The Pen is Mightier than the Keyboard: Advantages of Longhand over 
Laptop Note Taking. Psychological Science. 1(10). Accessed online August 14, 2019 at  
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§ https://pdfs.semanticscholar.org/6b6a/25a7a6d95056530eee02bf0aba3692e1c73c.pdf and 
Morehead, K., Dunlosky, J. & Rawson, K.A., (2019). How Much Mightier Is the Pen than the 
Keyboard? A Replication and Extension of Mueller and Oppenheimer (2014). Educational 
Psychology Review.  Accessed online August 14, 2019 at 
 https://link.springer.com/article/10.1007/s10648-019-09468-2#citeas) 

§ you are less likely to plagiarize if you are working from point form 
notes as opposed to “cut and paste” note 

§ future employers are less interested in your ability to access data 
than in your ability to synthesize and innovate with it, this process 
helps with synthesis and innovation 

§ please note there are a few people with documented learning 
differences or visual/physical requirements that are exceptions to this 
approach; if you happen to be such an exception you likely already 
know and have documented evidence for what works best for you 
and you should proceed accordingly 
 

o you are responsible for completing this Lesson before Lesson 3 
• if you happen to read and/or think more deeply, take longer to read, or to 

get distracted easily, you may not finish this task by the end of the given 
class time, that is okay as we all work differently on different days however, 
you are still responsible for completing this before the beginning of 
Lesson 3, even if this means you have to work on your own, outside of class 
time  
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Background Research 
 

1. Please work with your partners to complete the following table.  Each of you should 
research the same box at the same time, but rely on different web sites, and then 
compare and discuss your information before recording it. (~45 min) 

 
 Squash Green Bean Corn 

3 possible varieties to 
grow in a classroom 

 
 
 

 
 
 
 
 
 
 

  

where seeds can be 
bought/obtained 

 
 

 
 
 
 
 
 

  

approximate cost  
for 50 seeds 

 
 

 
 
 
 
 
 
 

  

approximate 
germination time 

 
 

 
 
 
 
 
 
 

  

standard materials 
needed to grow plants 
in a classroom setting 
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 Squash Green Bean Corn 
standard growing 

instructions/procedure  
in a classroom setting 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  

any special concerns or 
considerations 
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2. Performing quality scientific research requires considerable investment of time and 
energy.  Thus, most scientists have to do background research to ensure that the 
problem they are investigating is worth the investment of time and energy.  
Furthermore, they need to be able to clearly and convincingly communicate to 
relevant stakeholders why such research is justified.  Stakeholders may include 
supervisors, employers, investors, and granting agencies. Before you choose 
which plant you would like design your experiment with, collaborate with your 
partners to do a little background research and complete the table below. (~30 
min) 

 
 Squash Green Bean Corn 

What is the worldwide 
annual production each 

plant type? 
 

Report either in volume 
produced, hectares 

farmed, or dollar value. 
 
 
 

 
 
 
 
 
 
 
 
 
 

  

What is the Canadian 
annual production for 

each plant type? 
 

Report either in volume 
produced, hectares 

farmed, or dollar value. 
 

 

 
 
 
 
 
 
 
 
 

  

What are some of the 
key uses for each plant 

type? 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

  

What are some key 
factors that limit each 

plant’s growth? 
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3. When designing experiments, scientists often refer to treatment levels for the 
independent variable.  Describe in your own words what treatment levels are. (~10 
min) 

 
 
 
 
 
 

4. When designing experiments, scientists often refer to replicates. Describe in your 
own words what replicates are. (~10 min) 

 
 
 
 
 
 

5. The diagram below indicates a garden plot containing sugar beets.  
  

a. Clearly label the plot to indicate an independent variable, and 4 different 
treatment levels, that could be investigated with the plot. (~2 min) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

b. Briefly describe what dependent variable you would measure and how you 
would go about measuring it. (~2 min) 
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c. Given the plot above, how many replicates are there for each treatment level? 
(~1 min) 

 
 
 
 

d. Ideally, what is the minimum number of times you should repeat the entire 
experiment to be relatively confident in your findings? Why? (~2 min) 

 
 
 
 
 
 

e. List three additional variables that you should control for within the garden 
plot. (~3 min) 

i. _______________________________ 
ii. _______________________________ 
iii. _______________________________ 

 
 

f. List two additional uncontrolled variables within the garden plot that could 
influence your findings. (~3 min) 

i. _______________________________ 
ii. _______________________________ 

 
 

6. Based on your above research, which plant (squash, green bean, or corn) would 
you like to design your experiment around and why?  Why is this plant relevant 
and/or important? (~4 min) 
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7. Based on your above research, which independent variable would you like to 
investigate and why? Why is this independent variable relevant and/or important? 
(~4 min) 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

8. Based on your above research, what dependent variable(s) would you like to 
measure and why?  How do you plan to accurately/consistently measure this? (~4 
min) 
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Name: ______________________________ 
Name: ______________________________ 
Name: ______________________________ 
Date: ______________________________ 

Class: ______________________________ 
 

     
Group Activity: Exploring Experimental Design with Plants 

LESSON 3: Designing Our Experiment 
 
Purpose 
 
You will begin to design your lab with your partners.  Through this process you should 
become more familiar with the requirements and processes involved in designing an 
effective and valid scientific experiment. 
 
 
Instructions 
 

o you have ~60 minutes to complete this lesson 
 

o separate this handout and give one copy of the blank template to each partner to 
refer to as you collaborate 

 
o as a team refer to the template on the other side of this page as you proceed 

 
o choose a recorder to fill out Rough Copy 1 (indicated on the bottom of the page) 

 
o consider your previous lessons and research as you design your experiment 

 
o once your team has created a rough copy, share it with your facilitator for feedback 

• if significant changes are needed, fill out Rough Copy 2 of the template 
(indicated on the bottom of the page) and then share it with your facilitator 
again for further feedback 

• if significant changes are not necessary proceed directly to the next step 
 

o choose a recorder to fill out your team’s Good Copy (indicated on the bottom of 
the page) 
 

o once you are satisfied with your good copy take a photo of it and upload it to your 
shared, team document 

 
o your team is responsible for completing this lesson before the beginning of  

Lesson 4 
 





Science (Biology) Grades 9-10 
 

Lesson 3 Student Handout  (1 copy per team) 
Page 2 of 8  

TEMPLATE: EXPERIMENTAL DESIGN FLOW CHART 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 

Purpose/Question: 
Why are you doing your experiment?  What are you trying to figure out?  Why might 
this information important, relevant, and/or helpful? 

Hypothesis written as an “If/then” statement: 
An educated prediction based on previous knowledge (observed and researched).  It 
predicts that a particular manipulation of the independent variable will have a 
particular effect on the dependent variable. 
Ex:  If the plant is exposed to increasing temperature, then it will grow faster.  

 

Independent 
Variable and 
Treatment 

Levels: 
 

Ex.: 
Temperature  

 
3 treatment 

levels =  
10 °C, 
20 °C, 
30 °C 

 

Dependent 
Variable and 

Method of 
Measure: 

 
Ex.: Growth  

 
3 measures =  
height, 
number of 
leaves, and 
width of leaves 

 

Controlled 
Variables and 
Their Levels: 

 
Ex.:  

 
water = 5 ml/2 
days 

 
soil = 50 ml per 
plant 
 

Uncontrolled 
Variables to 

Keep in Mind: 
 

Ex.:  
 

background 
noise 

 
drafts due to 
people 
 
random insects 

 
 
 

General Outline of Methods (details will be filled out later): 
list key materials and methods 
Ex. Materials: plant containers, seeds, soil, water, ruler, calipers, beakers, permanent 
marker, masking tape, thermometer, temperature-controlled environment, computer, 
camera 
Ex. Method: set up 3 treatment levels with 5 replicates each, grow and observe over 
three weeks, collect height, leaf number, and leaf width data every 3 days, care for 
plants every 3 days 

 
 

Results Section: 
What data will be collected?  What data tables will be needed? How will the data be 
graphed? What figures will be needed? 

 

Replicates and Experimental Repeats: 
Replicates: identical set-ups within an experiment; minimum 3-5 per treatment level 
Experimental Repeats: repeating the entire experiment, from scratch, with all new 
supplies and solutions; usually not done in a school setting; minimum 3-5 in real world 
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TEMPLATE: EXPERIMENTAL DESIGN FLOW CHART 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Purpose/Question: 
 

Hypothesis written as an “If/then” statement: 
 

Independent 
Variable and 4 

Treatment 
Levels: 

 
 

Dependent 
Variable and 
Methods of 
Measure: 

 
 

Controlled 
Variables and 
Their Levels: 

 
 

Uncontrolled 
Variables to 

Keep in Mind: 
 
 
 

General Outline of Methods (details will be filled out later): 
 Materials:  
 
 
 
Method:  

 
 

Results Section: 
 

Replicates and Experimental Repeats: 
Replicates:  
 
Experimental Repeats: not applicable 
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TEMPLATE: EXPERIMENTAL DESIGN FLOW CHART 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Purpose/Question: 
 

Hypothesis written as an “If/then” statement: 
 

Independent 
Variable and 4 

Treatment 
Levels: 

 
 

Dependent 
Variable and 
Methods of 
Measure: 

 
 

Controlled 
Variables and 
Their Levels: 

 
 

Uncontrolled 
Variables to 

Keep in Mind: 
 
 
 

General Outline of Methods (details will be filled out later): 
 Materials:  
 
 
 
Method:  

 
 

Results Section: 
 

Replicates and Experimental Repeats: 
Replicates:  
 
Experimental Repeats: not applicable 
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TEMPLATE: EXPERIMENTAL DESIGN FLOW CHART 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Purpose/Question: 
 

Hypothesis written as an “If/then” statement: 
 

Independent 
Variable and 4 

Treatment 
Levels: 

 
 

Dependent 
Variable and 
Methods of 
Measure: 

 
 

Controlled 
Variables and 
Their Levels: 

 
 

Uncontrolled 
Variables to 

Keep in Mind: 
 
 
 

General Outline of Methods (details will be filled out later): 
 Materials:  
 
 
 
Method:  

 
 

Results Section: 
 

Replicates and Experimental Repeats: 
Replicates:  
 
Experimental Repeats: not applicable 





Science (Biology) Grades 9-10 
 

Lesson 3 Student Handout  (1 copy per team) 
Page 8 of 8 (intentionally blank for double-sided copying purposes) 

 
 





Science (Biology) Grades 9-10 
 

Lesson 4 Student Handout  (1 copy per student) 
Page 1 of 6 

 
Name: ______________________________ 

Date: ______________________________ 
Class: ______________________________ 

 
Group Activity: Exploring Experimental Design with Plants 

LESSON 4: Beginning Our Lab Write-Up 
 
Purpose 
 
You will begin your lab write-up with your partners.  Through this process you should 
become more familiar with what materials and supplies you will need for your experiment 
and how to write a formal lab using proper scientific conventions and terms. 
 
 
Instructions 
 

o you have ~120 minutes to complete this lesson 
 

o first, individually read through the Some Tips for Scientific Writing, below 
 

o then collaborate with your team, in your shared team document, to complete the 
team tasks as described below 

 
 
But First, Some Tips for Scientific Writing 
 

1. It is formal writing meaning: 
o no slang 

• L Ex., Our findings were lit.  
• J Ex., Our findings support our hypothesis. 

o no text speak and no pronouns (I, me, we, she…) 
• L Ex., IMHO our experimental design sucked because we did not 

control for the room temperature. 
• J Ex., The experiment was flawed because the room temperature 

was not controlled for and as such, the experiment was significantly 
colder over the weekends. 

• Note: pronouns are not used in scientific writing as science is 
supposedly unbiased and thus, the findings and interpretations 
should remain consistent regardless of who did the experiment 

o no contractions 
• L Ex., Our findings don’t support our hypothesis.  
• J Ex., The findings do not support the hypothesis. 
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2. All tables should be accompanied with a descriptive title and caption that goes 
ABOVE the table. 

• L Ex., Table 1. Sugar in Beets. 
• J Ex., Table 1.  The Effect of Soil pH on the Sugar Content of Sugar Beets 

after 45 days of growth.  Each beet was grown in 500 ml of Ogogrow potting soil 
in a 1 Litre, 6-inch diameter, black plastic pot.  The soil pH was adjusted prior to 
planting with sterile 1 M HCl and then checked throughout the experiment to ensure 
that it did not change.  Plants were given 50 ml of room temperature, distilled water 
every 3 days.  The beets were harvested after 45 days and a 1 cm cube was 
immediately cut from the center of each beet and sent to UBCO Nutritional Analysis 
Laboratories for determination of its sugar content. Each treatment level had 5 
replicate beets indicated as beet 1-5. 

• the title and caption should be formatted as above except not in 
italics (title is bold, title and caption is 10-pt font) 

 
 

3. All graphs and figures should be accompanied with a descriptive title and caption 
that goes BELOW the table. 

• L Ex., Figure 1. Sugar in Beets. 
• J Ex., Figure 1.  The Effect of Soil pH on the Sugar Content of Sugar Beets 

after 45 days of growth.  Each beet was grown in 500 ml of Ogogrow potting soil 
in a 1 Litre, 6-inch diameter, black plastic pot.  The soil pH was adjusted prior to 
planting with sterile 1 M HCl and then checked throughout the experiment to ensure 
that it did not change.  Plants were given 50 ml of room temperature, distilled water 
every 3 days.  The beets were harvested after 45 days and a 1 cm cube was 
immediately cut from the center of each beet and sent to UBCO Nutritional Analysis 
Laboratories for determination of its sugar content. Each treatment level had 5 
replicate beets indicated as beet 1-5. 

• the title and caption should be formatted as above except not in 
italics (title is bold, title and caption is 10-pt font) 

• each figure is numbered sequentially 
• graphs are figures and thus, labelled as such (graph titles should 

not be placed above or within a graph despite the fact that many 
graphing programs default to this format) 

 
4. Graphs must have their axes labeled with descriptive titles that include units 

• L Ex., y-axis 
• J Ex., Amount of Sugar in Beet (mg/1 g of beet) 
• L Ex., x-axis 
• J Ex., pH of Soil 
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5. Methods 
o can be written as a paragraph or as a step-wise procedure 
o should be written in such a way that any semi-competent scientist could 

repeat the procedure exactly, without needing to ask questions for 
clarification 

o you will be writing a detailed, numbered, step-wise procedure 
• L Ex.,  

§ Gather supplies. 
§ Plant 1 seed per cup. 
§ Water. 
§ Collect data. 

• J Ex., 
1. Gather all the materials as listed in the material section. 
2. Set-up 20 styrofoam cups (400 mL size). 

i. label 5 cups as replicates 1-5, treatment level pH 7 
ii. repeat for pH treatment levels of 6, 5, and 4 

3. Mix-up 4 different batches of Ogogrow Soil (1 Litre per 
batch). Use sterile 1 M HCl and a pH tester to create a batch 
at pH 7, at 6, at 5, and at 4.  Store the mixed soil in well 
labeled Ziploc bags. 

4. … 
 

6. Results 
o the written analysis of the results can be grammatically tricky 

• specific data points are referred to in the past tense 
§ Ex., “At pH 7 the average sugar content was 115 mg/g of 

beet…” 
• yet, overall trends are described in the present tense 

§ Ex., “…the sugar content of the beets appears to increase as 
the pH of the soil decreases…” 

• Why?!? That is so confusing! 
§ because, specific data points/values are specific to the 

experiment, which was conducted in the past and thus, are 
referred to in the past 

§ however, the data trends, if your experiment was properly 
conducted and interpreted, should hold true in any repeat of the 
experiment whether conducted in the past, present, or future 
and thus, they are described using the present tense 

o don’t worry, this takes a bit of practice to get used to, but the more you 
practice the convention the better you will become at using it 
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Team Tasks 
 
Work together, in your shared team document, to: 
 

1. write your Scientific Title (~3 min) 
o 14-pt font, bold, centred 
o formatted as: The Effect of the Independent Variable on the Dependent 

Variable of Plant Type, Scientific Name 
o Ex.: 

The Effect of pH on the Sugar Level of  
Sugar Beets, Beta vulgaris 

 
o note that scientific names are generally Latin and Latin terms are always 

italicized in formal science writing 
 

2. write your names immediately below your Scientific Title (~2 min) 
o 10-pt font, centred 
o Following the format: First Name Last Name, First Name Last Name, and 

First Name Last Name 
o Ex.: 

The Effect of pH on the Sugar Level of  
Sugar Beets, Beta vulgaris 

Dee Enay, Nef Arious, and Pee Brain 
 

3. write a rough draft of your Background  (~20 min) 
o use proper paragraph structure and include the following information: 

• Why is production of your chosen plant important? 
• How might investigating your particular independent variable be 

relevant, important, or add to our understanding of the plant and its 
production? 

• Are there any important previous investigations or considerations 
relevant to your experiment’s design and if so, what are they and why 
are they important to mention? 

 
4. write your Purpose (~5 min) 

o What are you investigating and why? 
o again, do not use the first person (no pronouns such as I, we, mine, and 

our) 
• L Ex.,  We are investigating the effect of pH on sugar levels in sugar 

beets as increasing sugar levels can lead to better production 
practices. 

• J Ex., This experiment investigates the effect of pH on sugar levels 
in sugar beets as increasing sugar levels can lead to better 
production practices. 
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5. write your Hypothesis (~5 min) 
o use an “if/then” format 
o in other words, If the independent variable is ____________ then, the 

dependent variable will ________________. 
 

• Ex., It is hypothesized that if the pH of the soil is decreased, then the 
sugar levels of the beet will increase.  This is based on the fact that 
previous studies have shown that slightly acidic soils are better at 
supporting nutrient uptake than slightly basic soils. 

 
6. write your Materials list (~20 min) 

o create a bulleted list of EVERY single thing you will need to perform the 
experiment 

o include specific details such as amounts (numbers and volumes) and brands 
or types to be used 

 
7. write your Methods (~30 min) 

o as a logical, numbered, step-wise procedure 
o this will require a team effort, patience, attention to detail, and likely, many 

revision 
 

8. design your data tables for collecting your results 
o include tables and/or columns for both quantitative and qualitative data, to be 

collected roughly every 2 or 3 days over a three-week period 
 

9. create a calendar that outlines who will be responsible for what tasks and by when 
 

10. create a list of who is responsible for bringing what materials and supplies by the 
beginning of Lesson 5  

o this includes determining what will be supplied for you by the school
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11. design your data tables for collecting your results 

o include tables and/or columns for both quantitative and qualitative data, to be 
collected roughly every 2 or 3 days over a three-week period 
 

12. create a calendar that outlines who will be responsible for what tasks and by when 
o a rough copy of our: 

• background 
• purpose 
• hypothesis 
• materials 
• methods 
• data tables 

 
13. create a list of who was responsible for bringing what materials and supplies by 

the beginning of Lesson 5  
o this includes determining what will be supplied for you by the school 

 
 
Note: This lesson must be completed, and all necessary supplies must be at 
school, before the beginning of Lesson 5. 
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Name: ______________________________ 
Date: ______________________________ 

Class: ______________________________ 
 

Group Activity: Exploring Experimental Design with Plants 
LESSON 7: Analyzing Our Data 

 
 

Note: Lesson 5 and 6 did not have handouts out as they simply referred to the period of 
time where you set up and were caring for your plants and collecting your data. 
 
 
Purpose 
To learn more about how to analyze data both from a theoretical perspective and from a 
hands-on, computer-based perspective 
 
 
Instructions 

o you have ~90 minutes to complete this lesson (~45 minutes for each part) 
o complete Part 1: Individual Skills independent of your partners 

• you may ask your peers to show/teach you how to do something and likewise, 
you may show/teach them how to do something, but every individual is 
responsible for ensuring and demonstrating that they can independently 
explore, learn, and manipulate both a spreadsheet program and a word 
processing program to present and analyze their data 

o complete Part 2: Team Skills by collaborating with your team in your shared, team 
document 
• it may be a good time to make a back-up copy of your shared team document 

if you have not done so already 
 
 
Background 

o there are many types of data including: 
• continuous data 

§ such as time, height, distance 
§ presumably a plant cannot magically jump from 2 meters tall to 3 

meters tall,  it must continuously grow through all the centimeters, 
millimeters, micrometers, etc., in between the two heights, and thus 
the data is said to be continuous 

§ continuous data can be plotted as a line graph 
• discrete data 

§ such as counting data for the number of people, dogs, cars, or petals 
§ this data is said to be discrete because each thing counted represents 

a discrete, whole object or item 
§ presumably you cannot have a fraction of a human buying a phone or 

a fraction of a dog chasing a car 
§ discrete data can be plotted as a bar graph 

PART 1: Individual Skills 



   Exploring Experimental Design with Plants Day 3 

Lesson 7 Student Handout  (1 copy per student) 
Page 2 of 4 

 
1. Create and save a word processing document of your choice.  Attempt to recreate 

the following table as closely as you can.  Pay close attention to detail and play 
with program to get the best result possible. Please do not get creative with the 
table, the idea is to copy the given format as closely as possible to demonstrate 
that you know how to manipulate the program to your desired specifications. 

 
Table 1.  The Effect of Soil pH on the Sugar Content of Sugar Beets after 45 days of growth.  
Each beet was grown in 500 ml of Ogogrow potting soil in a 1 Litre, 6-inch diameter, black plastic 
pot.  The soil pH was adjusted prior to planting with sterile 1 M HCl and then checked throughout 
the experiment to ensure that it did not change.  Plants were given 50 ml of room temperature, 
distilled water every 3 days.  The beets were harvested after 45 days and a 1 cm cube was 
immediately cut from the center of each beet and sent to UBCO Nutritional Analysis Laboratories 
for determination of its sugar content. Each treatment level had 5 replicate beets indicated as beet 
1-5. 

 

Soil pH Sugar Content Expressed as mg of sugar/1 g of beet 
Beet 1 Beet 2 Beet 3 Beet 4 Beet 5 Average 

4 110 73 115 106 113 TBD 
5 128 135 137 133 136 TBD 
6 112 111 117 118 120 TBD 
7 114 112 113 119 117 TBD 

 
 
 

2. Create and save a spread sheet document of your choice.  
i. Enter the above data into the spread sheet.   
ii. Use the spread sheet function to fill in the Average column. Do not calculate 

this by hand, with a calculator, if you invest the time now to learn the 
program you will save yourself countless time and headaches in the future!) 

iii. Import your spread sheet into your word processing document and attempt 
to format it as closely as possible to the table you created for Number 1, 
above. 

iv. use your spread sheet to create both a line graph and a bar graph, plotting 
the soil pH versus the average sugar content. 

• label the x-axis as Soil pH and the y-axis as Sugar Content of Beet 
(mg of sugar/1 g of beet) 

v. import both graphs into your word processing document  
vi. provide a Figure Title and caption below each graph 9do not place a title 

above or within the graph – please refer to the example on the next page) 
vii. below each graph, please discuss the strengths and weaknesses of your 

graph, including the use of a line graph versus a bar graph, and your choice 
of colours and overall design 

viii. once you are confident that you can perform all of the above tasks with 
minimal assistance, call over your facilitator and demonstrate your skills 
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Example of Figure Title and Caption: 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1.  The Effect of Soil pH on the Sugar Content of Sugar Beets after 45 days of growth.  Each 
beet was grown in 500 ml of Ogogrow potting soil in a 1 Litre, 6-inch diameter, black plastic pot.  The soil 
pH was adjusted prior to planting with sterile 1 M HCl and then checked throughout the experiment to 
ensure that it did not change.  Plants were given 50 ml of room temperature, distilled water every 3 days.  
The beets were harvested after 45 days and a 1 cm cube was immediately cut from the center of each beet 
and sent to UBCO Nutritional Analysis Laboratories for determination of its sugar content. The data 
represents the average of 5 replicates for each treatment level. 
 
 
 
PART 2: Team Skills 
 

1. As a team, consider and discuss the data tables that you used to collect your data. 
Are they well-designed or can they be better organized?  If they can be better 
organized, how so? 
 

2. As a team, and keeping the above discussion in mind, open a shared, team spread 
sheet document.  Work together to add in all of your data.  This is one scenario 
where the “divide and conquer” approach is highly recommended. 

 
3. As a team, produce at least one graph to effectively represent your data (more 

than one graph may be required, or you may need to create a more complicated 
graph than was explored in Part 1 above) 

• you are encouraged to explore and discuss different graph styles  
• this is one of the key benefits of spread sheet programs, they allow you to 

rapidly manipulate various components of the graph (not the actual data) so 
that you can determine how to present the data as effectively as possible 
 

4. Once your team is satisfied with your new data tables and your graph(s) import 
them into the results section of your shared team document and create appropriate 
Titles and captions (as demonstrated in Part 1 above). 
 

5. Move any of your original/raw data tables to an Appendix at the very end of your 
final lab write-up entitled Appendix A – Raw Data. 
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Name: ______________________________ 
Date: ______________________________ 

Class: ______________________________ 
 

Group Activity: Exploring Experimental Design with Plants 
LESSON 8: Completing Our Lab Write-Up 

 
 
Purpose 
 
To complete your lab write-up with your partners.  Through this process you should 
become more familiar with how to present and critically analyze scientific results and 
conclusions. 
 
 
Instructions 
 

o you have ~60 minutes to complete this lesson 
o collaborate with your team, in your shared team document, to complete the tasks 

as described below 
 
Tasks 
 

1. Add a Written Analysis to the Results Section 
 

o the written analysis describes in paragraph format: 
• any key trends in the data and references the figures that highlight the 

trends 
§ Ex., Initially, the sugar content of the beets appears to increase 

as the pH of the soil decreases and becomes more acidic (Table 
1 and Fig. 1).  However, once the pH drops to 4, this effect is 
no longer evident (Table 1 and Fig. 1).  At pH 7 the average 
sugar content was 115 mg/g of beet, at pH 6 it was 117 mg/g of 
beet, at pH  5 it was 134 mg/g of beet, and at pH 4 it was 103 
mg/g of beet (Table 1). Additionally, the overall growth of the 
beets, including it their height and leaf width, appears to 
increase as the pH of the soil decreases (Figs. 2 and 3). 

• any anomalies in the data and references the figures that highlights 
the anomalies 

§ Ex., There appears to be an inconsistency in the data as one of 
the replicates, namely Beet 2, in the pH 4 treatment level, had 
a significantly lower level of sugar, of only 73 mg/g of beet, 
compared to the average of the other replicates in that 
treatment level, which was 111 mg/g of beet (Table 1). 
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o remember: the written analysis is a bit tricky grammatically because: 

• specific data points are referred to in the past tense 
§ Ex., “At pH 7 the average sugar content was 115 mg/g of 

beet…” 
• yet, overall trends are described in the present tense 

§ Ex., “…the sugar content of the beets appears to increase as 
the pH of the soil decreases and becomes more acidic…” 

• Why?!? That’s so confusing! 
§ because, specific data points/values are specific to the 

experiment, which was conducted in the past and thus, are 
referred to in the past 

§ however, the data trends, if your experiment was properly 
conducted and interpreted, should hold true in any repeat of the 
experiment whether conducted in the past, present, or future 
and thus, they are described using the present tense 

• as mentioned, this is tricky, and you are unlikely to master it 
immediately but as you practice the convention and you will get better 
and better at it 
 

o IMPORTANT: the written analysis merely describes the data; it does not 
attempt to interpret or explain any of the findings as such analysis is left for 
the conclusion 

 
 

2. Write the Conclusion 
 

o the conclusion should be written in paragraph form and attempt to tell a 
coherent “story” that: 
 

• reminds the reader of: 
§ the purpose of the experiment 
§ why or how the experiment might be relevant, important, 

and/or helpful to the world 
§ what the hypothesis was and what observations/previous 

knowledge it was based on 
§ what the key findings are 

 
• discusses how the findings compare to the hypothesis 

§ Ex.,  The findings support the hypothesis as a decrease in soil 
pH appears to lead to an increase in sugar content in the sugar 
beets (Fig. 1).  However, this trend does not appear to hold 
true once the pH drops below 4 (Fig.1).  
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• discusses any unexpected or anomalous findings and attempts to 
explain them 

§ Ex.,  The finding that sugar levels do not continue to increase 
when beets that are grown in soil with a pH of 4 was 
unexpected.   However, it is unclear if this finding is reflective 
of an anomaly in the data due to one the replicate beets at the 
pH 4 treatment level having a significantly lower sugar level 
than the rest of the replicates (Fig. 1) or if it is actually a 
significantly significant trend.  If the trend proves to be 
significant upon further research it may be due to the fact that 
below pH 4, the acidity of the soil becomes so high that it 
disrupts the functions of the beet proteins responsible for 
nutrient uptake and processing.  Indeed, there is significant 
scientific evidence showing that pH affects proteins’ three-
dimensional shapes and thus, their ability to function. 
 

• discusses any flaws or concerns in the experimental design 
§ Ex., While the findings of the experiment support the 

hypothesis it should be noted that they are based on a fairly 
small sample (5 replicates) and a single experiment.  As well, 
the process for determining the sugar content of the beet may 
have been flawed as some of the samples were immediately 
processed while others were stored in the fridge for two days 
before being processed. 
 

• discusses future improvements and experiments that can be 
performed 

§ Ex., In the future, this experiment should be repeated several 
times using a larger sample size (a minimum of 20 replicates 
per treatment level) so that a statistical analysis can be 
performed to determine if the findings are statistically 
significant.  As well, the treatment levels should be refined to 
test pH levels ranging from 2-9, using increments of 0.5.  This 
will help to determine if the finding at pH 4 is actually an 
anomaly or a true trend. And finally, the experiment should be 
designed such that all beet samples can be collected and 
processed immediately as fridge storage may alter the sugar 
content of the beet samples. 
 

• discusses how the findings may have real-world applications 
§ Ex., Despite a growing awareness of the negative impacts of 

sugar on health, the world’s sugar producers still struggle to 
meet the world’s demand for sugar.  This means ever more 
land is cleared and exploited to grow sugar beets and sugar 
cane.  If it can be established that decreasing the soil pH 
increases the sugar content of sugar beets, environmentally 
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§ friendly methods may be used to lower the pH of the soil and 
to optimize the production of sugar beets.  More efficient sugar 
production could lead to lower cost and the need for less land 
to produce an equivalent amount of sugar.  And, thus it could 
help to feed the world, and its sweet tooth, while decreasing 
the environmental impact of sugar production. 

 
 

Note: This lesson must be completed before the beginning of Lesson 9. 
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Name: ______________________________,   
Name: ______________________________,   
Name: ______________________________ 

Date: ______________________________ 
Class: ______________________________ 

 
Group Activity: Exploring Experimental Design with Plants 
LESSON 9: Final Edit of Our Lab Write-Up 

 
Purpose 
 
To complete a final edit of your lab write-up with your partners.  Through this process you should 
become more familiar with how to write and present a scientific investigation using the proper 
conventions and scientific terms.   
 
To ensure that your team completes and submits a final lab write-up that is of the highest quality 
and that you are all proud of. 
 
 
Instructions 
 

o you have ~90 minutes of class time to complete this lesson 
 

o your team is responsible for submitting your final project by: __________ (time) on 
________________________ (date)  

 
o collaborate with your team to proof-read and edit your final write-up  

• each team member should have their own computer open and be working on the 
shared, team document 

• each team member should be reading through, discussing, and making edits to the 
same section at the same time as the rest of the team 

• after each section is edited, all members should read through the section, from 
beginning to end, for a final time 

§ during the final read through, choose a “head editor” 
§ only the “head editor” is allowed to make changes to the team document 

during the final read through 
§ all team members should be reading and making suggestions, but having 

only one head editor prevents multiple people from working on the 
document and accidently over-writing correction or introducing new errors 
 

o once you, as a team, are satisfied with your final edit and project, go through the Lab 
Write-Up Final check list (below) and sign off on it 
 

o then, as individuals, complete your Self-Assessment and your Individual Assessment of 
My Lab Team (found at the end of the Lab Team Project Guide that you were given at the 
beginning of the unit and that your team manager should have somewhere handy) 

 
o finally, assemble your completed lab write-up, the Lab Write-Up Final Check List, and all 

of your assessments, into one complete package and submit it 
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Group Activity: Exploring Experimental Design with Plants 

Lab Write-Up Final Check List and Sign Off 
 
 
By initialing below I am acknowledging that I have completed each assigned task to the best of 
my ability and that I am responsible, in part,  for any major errors or slip-ups in my team’s Lab 
Write-Up. 
 
 
I have proof-read, and edited, each of the following sections, from beginning to end: 
 

q Title 
Initialed: __________,  __________,  __________ 
 

q Background 
Initialed: __________,  __________,  __________ 
 

q Purpose 
Initialed: __________,  __________,  __________ 
 

q Hypothesis 
Initialed: __________,  __________,  __________ 
 

q Materials 
Initialed: __________,  __________,  __________ 
 

q Method 
Initialed: __________,  __________,  __________ 
 

q Results (including formatting of figure titles and captions) 
Initialed: __________,  __________,  __________ 
 

q Conclusion 
Initialed: __________,  __________,  __________ 

 
 
I have fully and honestly completed my Self-Assessment 

Initialed: __________,  __________,  __________ 
 
I have fully and honestly completed my Individual Assessment of My Lab Team 

Initialed: __________,  __________,  __________ 
 
We have compiled and submitted as one single package, our Lab Write-Up, this check list, our 
Self-Assessments, and our Individual Assessments of My Lab Team 

Initialed: __________,  __________,  __________ 
 


