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Difficulties of Large Class Sizes

* Knowing each student and their name

* Significant grading commitment

* Answering student questions and concerns
* Minimizing classroom disruptions

 Safety concerns in a lab setting

* Need for additional instructors or TAs



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

* OQur projects lab can accommodate a maximum of
30-40 students

* Over the past three years, enrollment increased
from 74 to 108 students

 We have increased the course from two to three
sections, and are again at full capacity




A Common Lecture Section

 We created a common lecture section
 Enables instructors to be available to assist students in
all three lab sections

* The lecture section is recorded for students who
can’t fit it into their schedule

* Students appreciate being able to watch lectures again

* The lab is no longer right after the lecture — this
gives students time to prepare for the week’s lab
project



Minimizing Classroom Disruptions

* In order to hold students’ attention, we encourage
students to participate in classroom discussions

* We try to bring in interesting demonstrations that
pertains to the subject matter

e Use of active and collaborative learning to break up
long lectures
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Students Work in Teams

e Students working together can brainstorm through
problems, reducing the number of questions

 Team assignments reduces the amount of grading

* Consistently switching teams increases the skillsets
that students bring to the projects
e Reduces the duration students are in a ‘bad’ team

* Helps the students meet and form study groups for
_future courses




Student Name Badges

* Helps instructors, TAs, and fellow students learn names

* Students are given a name badge and the ability to
print off a new one if it’s lost

e Badges indicate which equipment they have been
trained to use

Department of
* All student training is recorded u CHEML 5L

. THE UKNIVERSITY OF UTAH
online

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

* Improves lab safety
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Lab Equipment Training

* In order for a student to use lab equipment
* Complete a safety and operating quiz online

» Students are always able to go back and review their quiz
* Trained by an instructor

* This delay helps students retain the material

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

TRAINING S ACCOMPLISHED

CALYSL B/



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

Proper Micropipette Technique

Hand Drills, Drill Press, & Grinder

ENGINEERING
FUTAN

Miscellaneous Hand Tools

Soldering Anthony B.
CHEN 1705-1
Laser Cutter & 2-D CAD -
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3-D Printer & 3-D CAD
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Peer Mentoring Project

* Freshmen submit resumes and apply to senior projects

e Seniors use resumes to hire freshmen

* Seniors
* Gain valuable managerial skills

e Lear job hunting skills from
seeing the other side
of the interview process

Freshmen

* Hone their resumes, and job
application skills

* Gain valuable insight into their
academic trajectory

\ ey
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e Learn of internship and job opportunities




Online Homework System

* We have developed a system to administer online
homework problems
* Contains randomized values to minimize cheating
* 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.

{ |{ = mA



Online Homework System

* We use this to administera | 1s.=07s17spolnts atemat1ofs
variety of course materials: blue dye you pour 19.2 pint of water
3.74 mol/L of the dye. The final conce
® Homework assignments dye in the barrel is 0.0171 M after it's
* Pre- and post-tests
Vv, =|761 galy/
e Student surveys |
 Safety training quizzes
° They can g|ve Students 2. (0/0.25 points. Attempt 1 of 1.) Fu:fulﬂ:lj
. increases, minus the sum of all voltag
instantaneous feedback on T
. . . . Decreasing if there is a powel
thelr SU meSSIOnS B. Constant (not necessarily zerc
M Zero, only at equilibrium
° TAS can Spend more t|me D. ;creasing if there is a power s
= 7Er0
helping students in the lab Submit



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




Benefits to Students

Your Stoichiometric Coefiicient on — 2
A
- - Correct Stoichiometric Coefficient — 2
e Get a realistic sense of how A
. . L |
adjusting parameters affects Total Error 200
- . [+]
Correct Within Error. Good Job!
the system Resel Appiet
Results for Kyle Branch successfully recorded
. in database.
See All Your Recorded Use Data
e Students can move at their
OW n pa Ce Chemical = Random
. . . Concentration of A (M) = 1.001e-5
e Unlimited pra ctice attem pts Max Molar Extinction Coefficient (1/M/cm) = 1.32e4
Primary Wavelength of the Light (nm) = 720
Power of the Light Source (%) = 500
® I N Sta nta neous feed ba C k Voltage at 100% Transmittance (V) = 3.32
Cuvette Width (cm) = 220
Initial Concentration of A (M) = 0.0000410
Initial Concentration of B (M) = 0.0200
Stoichiometric Coefficient on B = 2.00
Reaction Rate Constant (1/M@*F-1)s5) = 1.50e6




Benefits to Instructors

e Saves lab time and resources

* Automatically graded assignments
e Student summary generated

* Track students’ usage for further optimization

Assignments — CH EN 1703

Students Pretest Units Circuits

CR/NC 11 pts 6 pts
CR 5.5 35
CR 425 6
CR 3.5 6
CR 05 0.18
CR 975 45
CR 7.75 5
CR 11 3.25

"R 2 95 25



Worked Examples

* Worked examples help students with their
homework

e Video screencasts and written instructions
 We can track which students use the screencasts
e Screencasts are also used to teach useful skills

An example of using this simulation may be found here:

i=~ PLAYLIST |/ HW I3 Help, Spectrophotometry

v N ATroe ;

Solution's Sprectal Properties
Substance Spectrum:  © | Random ~]
00| 4™ (w'em) = 3.068+4

Spectropholometer Properties
N R |

<« b Il ¥




Survey
Questions

e Students were almost
entirely positive

* Enjoyed and recognized
the unique teaching
methods of the course

* Though some felt
underprepared

* Perceived ir)creased in
under_standln_g of _
chemical engineering

* Made social
connections

* Vast majority state
they intend to remain
in the major

* And go on to graduate
school...

1. | played a mere active role in my education in this course than in typical courses.
+]

ﬁ 2013 -I T I o} l ]
Pl I ) T
2. | prefer the teaching methods used in this course over a more traditional laboratory style

ﬁ ‘ : I ] 5 | ]

[ -] T
3. Unlike most labs, this lab used open-ended design problems where there is no one right method or answer.
I

ﬁ | preferred the open- ‘ - © ° : .

ended approach [ T (e]

4. Courses | took before this course adequately prepared me for this course
_~_|—°Y—Pﬂ . |
(o

5. This course has improved my understanding of what chemical engineers do.

I [e] ]

6. This course has helped me understand the modern societal issues addressable by chemical engineering.

ﬁ I _© 1

1 ]
I [+] ]

7. This course has made me more aware of the various areas of chemical engineering in which | may
ﬁ specialize. I o 1
I [+)
I o]
8. On the whole, | had a good experience working with my team members in this course.
ﬁ I I Do II
9. | prefer switching teams for each project, as we did in this course, over remaining in the same lab teams

I o] |
ﬁ throughout an entire ‘ ; T - [=] " 1

I

o

T

semester. I (] ]
10. This course helped create social connections with my peers.
| I (o] ]
ﬁ n T 5 T
| I [+] ]
11. This course has increased my interest in chemical engineering.
ﬁ L 1 (=] 1
[ I [+] |
[ I o] 1

12. Choosing to major in chemical engineering was the right choice for me.
]

ﬁ — I o) )

[ T o] |
13. | will graduate with a degree in chemical enigneering.

ﬁ = : L L] —o |I

14. | will graduate with a degree in a science, mathematics or engineering field

: I [¢] ]
1 [s] |
[¢] 1

15. | will continue on to graduate school

ﬁ 1 ] I
[ |
[ [+] ]
f | f l f
25 0 25 50 75 10

Percent Disagree <—|—P Percent Agree




Student Free-Form Feedback

“An excellent course which affords the students the
opportunity to apply engineering principles and get
them excited to be participating in engineering early on

in the major. Also the open endedness of the projects

o Va St m aj O rity were was very refreshing when compared to the heavy theory

ey constantly and rigidity of the rest of the courses that we take up
p O S I t I Ve have us until senior year.”
answer
uestions in
i St U d e n tS fre q U e nt Iy Zlass that help “The way the class is presented as the students being engineers and
m e nt i O n e d . everyone stay collaborating on projects and presenting reports to the teacher as a
. engaged. The business would is fantastic. The very open-ended projects were a
: o VERY educational and eye-opening experience. Working with people
L simulations
O p en en d e d are very you don't know and solving problems with group ideas (not pre-
p ro b I ems helpful for generated guidelines) was something that is sure to come in handy
.« . . tualizi after graduation.”
* Exercising their Sl
cre at VI ty “I thought the hands-on design and “Very fun and useful class. Do more!”
° H : : prototyping aspects of this course
M Imic kl n g d were awesome. The online simulations “The desi b " d
WO rk we did for individual homework were e design of t € course really force
. also generally helpful.” students to take initiative and not rely
environme nt on instructors to tell them what to do,

it really helped me be more confident
in coming up with and developing my
own ideas.”

 Simulations

“This was my absolute favorite
class and | really enjoyed every
week of it. The hands-on experience

was invaluable and the lab “It was nice to finally get some hands
experience cannot be replaced. on engineering in the curriculum.”




Course Improvement

* Iterative improvements in | o
each simulation and —
module.

* Average student
evaluation has risen
significantly.

* The average evaluation is
nearing the maximum.

* New model saw some dip:

e 3 Discussions & 3 Labs 45 ‘
VS. Spring Spring  Summer  Spring

. . 2013 2014 2014 2015
1 Discussion & 3 Labs

Error bars represent
confidence interval
onthe meanata
95% confidence

(%]
(4]
[
H
-

Maximum Score is &

on

Average Likert Scale Score
Higher Scores Indicate Greater Satisfaction




Pre- Post-Test Results

* Written test at start
and end of semester.

* Topics include those
covered in previous

CH EN 1705 Chemical Engineering Design & Innovation - Pretest

1. A8V battery is attached across a 1 kQ resistor. What should the current through the resistor be? 9. Consider the adjacent fluid circuit. The pump takes water out
[al9a [bloka [doma [dloa [el1/oA [Asks  [elt/oma of a reservoir and pumps it through Pipe 1. Then the stream splits
to recycle through Pipe 2 or exit through Pipe 3. If we keep the
same flow rate through Pipe 1 and shorten Pipe 2, what should
happen to the flow rate out of Pipe 37

2. If we decrease the resistance of resistor R« in the adjacent circuit, without
changing anything else, what would happen to the voltage at Point A (between the
two resistors) in the circuit?

c) Goes down

a) Goes up | b) Stays the same d) Not enough |
courses, but now
=45V 10. Which of the following commands would create a vector, v, in MATLAB containing the values [20, 30, ’ .
[} Goesup [ b)Staysthesame | c) Goesdown | d) Not enough information | 40, 50, 601 (circle as many as you think are correct)
[(2) v=10%((1:5)+1) | b) v=(1:6)*10 [ <) v=linspace(20,60,6) [ d) v=20:10:60 | &) v=20:60 | a re S S e W I
3. Into 2 barrel containing 240 liters of pure water you pour 10 liters of water containing 5 mel/liter (M) [(v=200 | ) v=linspace(20,60,10) [ h) v=20,30,40,50,60 [i)v=60:20 [ ) v=(1:5/*10+10 |
of sugar. What s the final cencentration of sugar in the barrel after it's well-mixed?

[@)o020m [bjo154M [c)0.200M | d)j0.208M | €)0.250M | I0.350M | g)0.377M |

L]
11. Using the same vector, v, as in problem 10, in which of the following will the output be equal to 12 | I a n d S - O I l d e S I I l
(circle as many as you think are correct)
4. Consider the elementary irreversible reaction A + B = Cin water. If we double the starting

5)==60 b) v(20)-v(40)/2+1 length{v== d . 1)/5)-49
concentrations of both A and B, what will happen to the rate of the reaction? ?]) vis) )M }v(40)/ :‘)) ength(i=) D)ma"(v ) i) vivia)/s)
) Remain the same | b) Godown | c)Goup2X | d)Goup4X | e)Goup8X | ) Goup 16X for i=20:10:60 5:[1“ 11]; a=1; if v(3)~=30 Ja—c| CO u rs e []
5. Which of the following are second order reactions, if we assume they are elemeritary reactions (circle al)=v(p; fori=5:-1:1 Fo; 2L try
’ end ali)=v(i); while a else a=v(a)
as many as you think are correct)? . W o )
[512A>8 [6)A>2B [c)A+B>C |dJA>B | e)A+B>C+D |AASB+C |gA+28>C] & £n 30; ete 0
min(a==v) end aza+l; [ ] 0 ave ra e
6. Which of the following is a rate equation for a second order irreversible reaction, where Cis . end
concentration, £is time, and k s the rate constant. (gircle as many as you think are correct)? a
Bca a1 3Es _ % 3s _ a2
[0 %= ke [0 Z2= ke [0 %= kgia [ T2= ity 032 =k |

! L
T ———— Improvement over
(ircle as many as you think are correct)

7. We want to make an elementary irreversible reaction, & + B -> C, behave like a first order reaction

a) b) d) €)
- - it i
with respect to molecule A, to simplify finding the rate constant. How could we do this? i nelengthiv); nelengthiv; n=lengthiv); n=lengthiv; —
a) Measure the b) Add & o) Addan d) Continually €) Use a starting 0 d - .
rate of reaction catalystto inhibitor to remove molecules | molar concentration %o : E
: for (i=0;i<p;i++}{ fori=ln n
withautany B speedupthe | slow the of C during the of Bthat is much 358 b vesuli)/o: . o
present. reaction. reaction. reaction. larger than that of A =i vl M/ ) (o)
) 0 - 6 i Y i
8. We have a chemical reaction, A -> B, that is governed by the equation: avg=x/n; avg=x/m; ;
ac
= ke g the most recent
where s the concentration of A, k is the reaction’s rate constant, and ¢ is time. We want to determine ) g) h) i i
k using data we have of € verses t during the reaction. What should we plot to linearize this data, such avg=mean(v); avg=average(v); | avg=sum(v)/s; avg=sum(v)/60; | avg=mode(v);

that k would be the slope of the line that fits the linearized data?
[aicvst [by1/cvst [c)logl€lvst [diCvs 1/t [e)Cwsloglt) | 1) 1/Cust [glCwst

semester (n=80).




Add Automated Interventions

* “You’re not logged in, are you sure you want to
submit your answer?”

* “It seems you forgot to calibrate.”
* “You should double check your units.”

* “You seem to be clicking
more than necessary.” JavaScript Alert

It seems you forget to calibrate,
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Mouse Location Frequency

* Detect misunderstanding of material

Reaction Order Maximum Molar Extinction Coefficient




Percent of Submissions
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16

14

12

10

Eliminate Student Guessing

Original data

0
0.1

03 05 07 09 11 13 15 1.7
Total Time Spent (min)

T T T T
I Correct, n=1532
I Incorrect, n=5382

19 21 23 25

Percent of Submissions

12

10

Filtered data

0
0.1

03 05 07 09 11 13 15 1.7
Total Time Spent (min)

T T T T
I Correct, n=1409
I Incorrect, n=3937

19 21 23 25




Features of Our Simulations

* Cover a wide variety of chemical
engineering disciplines
* Open-source
* Freely accessible
http://www.vSTEM.org
* Browser-based
* Easy to access

 Chrome, IE, Firefox, Safari
* PC, tablet, phone

* HTML, JavaScript, PHP

 No download necessary



http://www.vstem.org/

Tracking Student Usage

Records

Bioreactor Simulation
This simulatio ant to demonstrate aspects of microbial growth in a bioreactor ary of this system

o WhiCh StUdent ffﬂa:,dhb 'f:f?t d'ttﬂ:ij;k:mjl drtpt tthpbbtl't Mfth pépn hdptt piey o run
* Correct or incorrect 1 B =

* Submission time N

* Time and location of each
event
* Mouse movements, clicks,
typing
e All simulation constants

* Browser, IP address, and

Operating System (%0) -

oncentration (/L)
s & = o

et
—— a—— v
aa b el e sk x
e %% F |
Simulation'C onsnmAqa Varia’uc/
l, b~ 00 Vi 3500
A b, vmg 0. 100 %




Improve Simulation Interface

* Add more intuitive functionality, based on
individual attempts

Y

v —
Soluti s precial Froperties
F m N
=3

B
g pr R\\ gat

B ]
o= [l
" w 000
e
e g
o




Misunderstanding of Material

* Can we use ensemble
averaged mouse location
data to identify student
misunderstandings?

* What if we look at
differences between
correct and incorrect
attempts?




Tracking Student Usage

Records We can determine

* Which student * Time of day/day of
* Correct or incorrect week

e Submission time * Time spent

e Time and location of * Time between clicks

each event * Number of clicks
* Mouse movements, e Time earIy/Iate
clicks, typing

e All simulation constants * Attempts required

* On campus or not
 Browser, IP address,
and Operating System  * Order of problems



Preliminary Analysis: Pairwise
Relationships

Correct

Logged In

On Campus

Attempts | Attempt Time Number
Required |Sequence|Early/Late| of Clicks

Time
Between
Clicks

Time
Spent

Time of
Day

Day of
Week

Percentile

Order

Day of Week

Time of Day

Time Spent

Time Between Clicks

Number of Clicks

Time Early/Late

Attempt Sequence

Order

. On
Percentile Campus Logged In

- - Key - -
Not Analyzed

Not Enough Data
Unsure How to Analyze
Unlikely Significant
Possiblly Significant
Likely Significant




Percent of Submissions

Determine Successful Behavior

Students have lower success High percentile students do
rates late at night homework earlier in the day
T 100
15 I Incorrect, n=5382
16+ 80
141
12 % 60
10 §
8 é 40
Al »
4r 20
ol
i 7‘300 % ‘% 7‘?'00 %0,0 @ i & K




Determine Successful Behavior

Later submissions tend to be Earlier submissions tend to be
low percentile students high percentile students
100, 500 100 - - 2000
T - T -

{450 T }Z—— 11800

80+ T -1400 80 - T I I ~°41600
= —_ 350 ¢ = T T 11400 o
: A e 5
G 60 - 12004 O eof l 11200 4
= B —-—o = = N - - =

= 2503 £ o 11000
2 40t 12008 @ 40 1 - 1800 &
5 E § 1 E
E - - 11502 E {600 2
@ I b “ (] e —-- =

20! {100 20 1400

e R 50 - T Lo

T i - § 8
0 L = 0 0 ' : 0
100 80 60 40 20 0 0 1 2 3 4 5 6 7
Time Late (day) Time Early (day)



Determine Successful Behavior

Earlier submissions spend more Low number of clicks correlates with
time exploring the simulations lower percentile students (guessing?)
20 2500 100~ 1450
- —
r 1400
o T T __ 2000 80 1350
2 15 2 @ _ —_ _ T
= L = Qo J— -_IT—
g g -T_ — |1300 5
¢] ¢ £ |l T7TTT!| | T T 2
= F T — 11500 = G 60r| — —_ 2
£ £ | | | 250 £
= 10F £ & > q @
e - g £ i i 4200 S
@ L - 110009 & 40 g
= A 1 £
E 7 R E g 11+-1 1 150 5
3 5 — T & L L L 1 1
R I - | | 500 P 20] == 100
- L I N N ____ 450
00 1 2__ 3 4 é 6 70 00 10 20 30 4(?
Time Early (day) Number of Clicks



Eliminate Student Guessing

e Typical criteria of student guessing:
* Less than 20 sec
* Less than 6 clicks
* More than 5 attempts

e Guessing the same answer, or
the previous correct answer

e Guessed before

* Using a combination of these, we can detect
student guessing



Eliminate Student Guessing

Original data Filtered data
20 T T T T T 18 T T T T T
I Correct, n=1219 I Correct, n=1146
181 I Incorrect, n=4334 || 16, I Incorrect, n=3344
161 . 1l |
w 14r . 0
5 5 12 |
812} 7 2
g E 10/ l
@ 10f i 3
5 B 8t 1
§ 8 iy o
<) <)
o] o 6f .
a 6 1 o
4 - 4r |
2t . 2F 7
0 0
2 6 10 14 18 22 26 30 34 38 2 6 10 14 18 22 26 30 34 38

Number of Clicks Number of Clicks




Percent of Submissions

Eliminate Student Guessing

e Students are much more likely to guess late at night

Guessing data Filtered data
35— T 16— \
I Correc t, n=123 [ Correct, n=1409
I Incorrect, n=1445 I ncorrec t, n=3937
307 _ 147
12+
251 "
5
g 10+
20~ E
e}
@ 8
15+ o
c
Z 6
o
10} o
4_
57 2_
0 0
7 % &, 7 % @




Future Work

Chemical Engineering Design & Innovation
CH EN 1705-2 (2015)

Bioreactor

Hmax 0

1

Ysx '
* Real time educational data-mining
" B

* For students to see when their peers
do their homework, if they are
. . . . Chemical Engineering Design & Innovation
struggling with similar problems, etc.  cievms e

» Develop simulations with textbook . % |
and conceptual questions for
comparison p— |
e Can randomize unknown, value, I‘gm’ngmgmmm
and units :.g g i



Same Freshmen, Same Year

Traditional vs. New Course Model|

Traditionai Lecture & Simulation-;é\ugmented
60 Homewoik Course 60 | Hand-on Dekign Course
@ Traditional Lecture & Simulation-Augmented
% 1 Homework Course | — Design Course @il [
% -
| . mmmms Sl
o
[T
[+
e
[
820 20
0 I 0 l | 1 I
Strongly _ _ Strongly Strongly . Sy
Disagree ~ " Agree Disagree hgjeee

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

Same students take a
traditional lecture
and textbook
introduction to
chemical engineering
the semester before
taking this course.

On standardized
university
evaluations, the same
cohort was more
enthusiastic about
the new course.



Personal Confidence in
Engineering Skills

Maximum
Confidence

* A 33% average B FostCourse
increase in self- ==
reported student
confidence in
laboratory project
skills.

* Average confidence
increased in every
category.

e Students left the

Pre- & Post-Course
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Retention & Underrepresented
Groups

* Historical retention rates:
* Freshmen to sophomore = 60%
* Freshmen to graduation = 45%

* Over 90% agreed:

* “Choosing to major in chemical
engineering was the right choice
for me”

* “l will graduate with a degree in
engineering”

 No other statistical differences between racial and ethnic
groups or genders detected

e Except... Women perform better than men (P=0.014)

* On average by 8.7 percentage points



