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Our Freshman Lab Course

* Very open-ended design laboratory course

e Students design and build equipment to assist in their production process or
experimental analysis

* Students work in teams of three on projects typically lasting 2-3 weeks
* They are given individual and team-based homework assignments

e Our projects lab can accommodate a maximum of 30-40 students




Large Class Sizes

* Our department has been growing
significantly

ES Degrees Awarded

70

e Over the past four years, course enrollment
increased from 74 to 108 students

* Increased to three sections, again at full capacity

e Common Difficulties:

* Knowing each student and their name
 Significant grading commitment

* Answering student questions and concerns
» Safety concerns in a lab setting .
* Need for additional instructors or TAs PO T cacemicvsar R

Academic Year

Count




Created an Online System

* Developed an online system at vSTEM.org (virtual STEM)
* Designed to remediate some of the difficulties of large classes

* Open-source

* Browser-based

* Easy to access
 Chrome, IE, Firefox, Safari
* PC, tablet, phone

 HTML, JavaScript, PHP R

* No download necessary

User Name




User Hub

* Designed to help navigate
the site

 Some areas are only visible
by instructors or admins

* Includes links to User Profile
and Assignments
* In the User Profile, students

can change their user
information and settings

User: kyle
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Student Name Badges

* Helps instructors, TAs, and fellow students learn names

* Badges indicate which equipment they have been trained to use

e Students are given a name badge and the -
ability to print them as they gain new skills | ¥ ciievicar exoveerive

THE UKIVEESITY OF UTAH

* Allows for an easy check if a student
is trained to use particular equipment Kyle B.

* Improves lab safety

ORI/ VS AT




Lab Equipment Training

e Students using lab equipment:
 Complete a safety and operating quiz online

» Students are always able to go back and
review their quiz

* Trained by an instructor

* The delay helps students retain the material

 Reduces the training burden
e Originally, they would pass an oral safety quiz

TRAINING S ACCOMPLISHED
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Measured Lab Skills

e A/ /] m]at]e]
* All student training is recorded S—
online — EEEE
» Used for educational research S I I I e ey e ey e

SAChHE’s Basics of Laboratory Safety Program
Use of Laboratory Glassware & Labeling.

Proper Micropipette Technique

Hand Drills, Drill Press, & Grinder

Miscellaneous Hand Tools W ciehichs encineenine
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Student Teams

e Students are assigned into teams of three for each lab project
* Teams are displayed on vSTEM

* If permitted, their team members can view their phone number or
email address

Teamworking Evaluation for:

1 M Tony B
e Students submit team evaluations et Pl Project 5
Chemical Engineering Design & Innovation
* Displayed to the instructorin a 2018 - CHENTT0S 4
form easy to read

My team member is a hard worker. They put in their fair share of effort and took on an appropriate percentage of
complete the lab work and written reports. When working on the project, they took our work seriously and remaine

* At the end of the semester, the tasks at hand.

students receive anonymized
peer feedback

1. EFFORT? (25 PTS)

50

2. TIME? (25 PTS)

My team member was always on time. They were reasonably accommodating when scheduling meetings, lab wol
consistently met the deadlines agreed to by the team.

_ 50




Online Homework System

* Developed a system to administer online homework problems

 Shows current and
past courses

* Specifies:

Due Dates

Current and max score
Number of questions
Late penalty

Current Score,

Points lost for being late

Course Name

/

Assignments — CH EN 1705

Can Contain
Extra Credit Score Assignment g;‘;ﬁi:t:sd Due Date
| e 1. Pretest 015  CLOSED
2.39/10 2. Basic Circuits 6/10  Jan 22, 2016 at 2:00PM
17115 3. Basic Spectrophotometer. 6/5  Jan 29,2016 at 11:59PM

Kinetics
Problems Completed
or Out of Attempts

Past Courses

[View Prior Courses]
\ Assignments — CH EN 1703, Fall 2015

. Questions
Score Assignment Completed
No 1. Pretest 0116

Credit

User: kyle

Late Penalty Column
is Only Visible if an
Assignment is Late

Current
Late Penalty

-46%

‘ Late Penalty: -1.61 points

Mouseover to See
Late Points Lost

Due Date

CLOSED



Homework Questions

* Assignments are highly customizable by the instructor
* Contains randomized values to minimize cheating
e Units can be randomized within metric, English, or both

* Which unknown variable can be selected or randomly chosen based
on its difficulty

8.5 (0/0.5 points. Out of attempts. ) Sorry, you have reached the maximum number of attempts
for this problem.

9.2 (1 point. Attempt 1 of 2.) Refer to the circuit diagram on the m
right. The power supply Vi has a voltage of 9.33 V, the resistor R4

has a resistance of 10700 0, the resistor K5 has a resistance of
901 (), and the resistor R3 has a resistance of 9.9 k(). Therefore, V,——— § R, §H3
the current through Resistor 2 is [, mA.

|II-'.' - mA




Online Homework System

* They can give students instantaneous 15 Comtaming v, ga of waer conainc
feedback on their submissions 374 moll of the dye. The final conc:
. . dye in the barrel is 0.0171 M after it's
* TAs can spend more time helping
students in the lab vy =t ] oelv

* We use this to administer a variety of
course materials: 2.5 (0/0.25 points. Attempt 1 of 1.) Follc

increases, minus the sum of all voltag

* Homework aSSIgnmentS A. Decreasing If there is a power
B. Constant (not necessarily zerc

* Pre- and pOSt_tEStS % Zero, only at equilibrium

° Student su rveyS E,. ;é:rrsasmg if there is a power =

Submit

 Safety training quizzes




Benefits to Instructors

* Automatically graded assignments
e Student summary generated and color coded based on different criteria

* Helps instructors determine where students are struggling

Assignments — CH EN 1703

Students Pretest Units Circuits

CR/INC 11 pts 6 pts
CR 5.5 3.5
CR 425 §]
CR 3.5 §]
CR 0.5 0.18
CR 975 4.5
CR 175 5

CR 11 3.25
CR 8.25 2.9




Interactive Simulations

e Simulate lab experimentation
* Coupled with hands-on projects

 Used in our freshman and senior
laboratory courses

* Soon to be implemented in our mid-
curriculum courses

o2 B 884383888

Simulation Constants and Variables:




Our Simulations

* Cover a wide variety of chemical
engineering disciplines
* Chemical kinetics
* Biochemical engineering
* Thermodynamics
* Reactor design
* Process control
* Heat and mass transfer
* Fluid mechanics

* Includes written instructions and screencast tutorials




€« C N www.colorado.edu
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UNIVERSITY OF COLORADO BOULDER

Existing Online Applets
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cPanel [ Mendeley [E] AIChE Session Chair .. [ SimSites 3 Ardu

oy - m] X
L e W I x
i
= = S | = 7 VST o cC 0 www.myphysicslab.com =
Sloradozedu apps MM TTU Weat Wene Wacs e Werw Bc Zca Ers W umap Scholar & SD & GD » [ Other bookmarks
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= Preuiou5| | Next =I» | | FAQ?| | Source Code | LT T
174 myPhysicsLob.com

Molecule 6

This simulation shows 6 masses connected by springs and free to move in 2 dimensions.

You can change parameters in the simulation such as gravity, mass, spring stiffness, and
friction (damping). You can drag any mass with your mouse to change the starting
2 position.

*

(If you don 't see the simulation try

Click the buttons below for various combinations of parameter settings. Can you find all the stable configurations?

. Use Firefox or Internet Explorer

This Demonstration shows why a bz

cannot be scaled up geometrically. The
e surface are

maxim
| reactor beh
| adiabatic checkbox. This is independer

mbol for pe...

Adobe Dream...

P3 AppsonvsTE..  [PJ Developing & .. [P

Microwave Infrared Visible red spring Siff 6 | 8 stable configurations
6 red spring stiff 3 | 6 stable configurations
lil;::-l — ]
} e =

Higher Energy




Using the Simulations

* Students select if their submission is for Submit Answer for User: kyle
”praCtICe” or ”CI’edit” | For PRACTICE J| | ForCreoim |

* Students have unlimited practice
attempts e

LTI
(=3

 Students can input their experimental
data and compare it to theory
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(=]
]
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* The interactive simulation
assignments can be linked to the
textbook-style homework interface

Normalized Concentration (% of Max)
S 8 &8 8 8

o

0 100 200 300
Time (sec). Radius (% rC to rB)




Benefits to Students

o =

Correct Stuich;unm ;tric Coefficient - 2

Percent Error =  0.00%

. . . . Total Error = 0.0%

e Get a realistic sense of how adjusting _eE=r = R

Reset ADDIét“? .
pa ra m Ete rS affe Cts th e SySte m Results for K'_-.-'lE Branch SUCI’_‘,ESS‘UH}' recorded
in database.
* Prepares them for their upcoming lab

'
p rOJ ECt Chemical = Random
7 4 Concentration of A (M) = 1.001e-5
* Saves Iab resources and StUdentS tlme Max Molar Extinction Coefficient (1/M/cm) = 1.32e4
. Primary Wavelength of the Light (nm) = 720
* Students can move at their own pace Power of the Light Source (%) = 500
.. . Voltage at 100% T.ransmittanr:e (V) = 3.32
) Unllmlted praCtlce attempts InitiangiEznT:giitgn(gTL (M) z D_Dﬂﬂﬂzﬁg
Initial Concentration of B (M) = 0.0200
* I nSta nta Neous feed ba C k Stoichiometric Coefficient on B = 2.00
Reaction Rate Constant (1/M@*F-T)s) = 1.50e6




Tracking Student Usage

Reaction Within a Spectrophotometer

Records
* Which student R
e

¢ Correct Or incorrect dCA/dt=aR

e Submission time

* Time and location of each event

* Mouse movements, clicks, typing
 All simulation constants

* Browser, |IP address, and
Operating System

INSTRUCTIONS




What Can We Learn from Averaged Scribbles?

Stoichiometric Coefficient Maximum Molar Extinction Coefficient
a gmax

Misunderstanding the need
to calibrate...

b

-

' i
p Evidence of
guessing? :
5 & Didn’t
\ - downloaded the
: v &
4 data
’
TN o :
L

Successful student changed concentration,
possibly to simplify calculations.



Determine Successful Behavior

Students have lower High percentile students do

success rates late at night homework earlier in the day
Earlier submissions tend to be

high percentile students 20/ ‘ 100
I Correct, n=1532
1g || I Incorrect, n=5382
16+ 7 80
. . w 14F
Later submissions tend to be 5 o
. @2 12+ =
low percentile students £ g %
@ 10 ¢
% 8l g 40
5 &
o 6l i
Earlier submissions spend Al | 2
more time exploring the | ]
simulations . 0
/;300 % e 7‘?'00 3‘7'000 ‘@ & K




“Imaginary” Experience

e Gamification has shown to improve student engagement

* Gain experience for solving simulation variables, equipment training...
* Some students solved unassigned variables to gain more experience

* A course leaderboard shows who has the most “experience”*

 For those who have
enabled it in their
privacy settings

10 . Mystery Human

LeEver 15; MaxwerLL s Dewmon
] )]

ImacinarRYy Exp. PoinTs: 31,974 |




Same Freshmen, Same Year
Traditional vs. New Course Model

| TraditicIJnaI.Lelcture:S( | | Siﬁﬁulation—:ﬂuémentéd
60 Homework Course 60 Hand-on Design Course
O : :
= R S I . | (. Students prefer this course to a
O e
2 40| 20| : traditional textbook and lecture
- style course covering the same
E [
S 20| 2| material
E
a B N | (N N S S AEE |
0 _.DJIlH_.IlD_ ] ] 0 I ] ] ]
Strongly _ Strongly Strongly , Strongly
Disagree ¥ Agree Disagree "~ Agree

B The course materials were helpful in meeting course objectives.
B | learned a great deal in this course.
— Overall, this was an effective course.




Student Response <

N
]
T

 Students found using vSTEM to be
a fairly positive experience

T
=

e Some additions for Phase Il:

* Make adjustments to improve
navigation

 Add a tutorial
 Add awards and achievements that

Percent of Responses
] an
L] i

=
Lo
T

students can unlock T Strongly Strongly
* Add automated interventions to Disagree - " Agree
Simulations B S TEM is a useful educational tool.
BN It's easy to use and navigate.
i [ 1The game-like aspects should continue to be developed.
’ EaSIer tO adOpt the SySte m I The simulations helped me learn more than standard textbook problems.
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