Critical Thinking &
Problem Solving

Dr.Bektash Berdiev

Problem Solving Exercises to Boost Critical
Thinking Skills



Overarching Questions
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>
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What is critical thinking?

What does it look like in science and engineering?

How we can we assess it?

How can we promote it?
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Overview

Describe NSF funded study on critical thinking
Reflect on experience of being in the study
Review a way of defining critical thinking
Review assessments of critical thinking

Design a critical thinking assessment

Review ways of promoting critical thinking
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Critical Thinking Skills

Evaluation of Information

Creative Thinking
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1. Summarize the information presented in Figure 1

2. Some scientists believe that the prevalence of autism is i
To what extent do the data in Figure 1 support the scie
beliefs?
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3. Are there other possible explanations for the data in Figure 1
that would not necessarily support the idea that the
prevalence of autism is increasing in the US? Explain
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4. What types of additional information would be necessary to
more fully evaluate the scientists’ hypothesis the prevalence of
autism has increased in the US between 1980 and 20107

Try to identify three types of additional information and explain
how each would help evaluate the scientists’ hypothesis.



Critical Thinking Skills

» Separate factual information from
inferences.

* Interpret numerical relationships in
graphs.

 Understand the limitations of
correlational data.

|dentify alternative interpretations for da
observations.

ldentifv new 1nformation that miao



1. Design a wallet using this piece of paper.

2. List 3 factors that would lead you to change the design of
Describe how you would alter your design in direct res
a change in each factor?




Critical Thinking Skills

» Explain how new information ca
change a problem.

e Communication




Critical thinking assessment
guestions in

Chemical and biological enginee
& Electrical Engineering




Chem. Eng. 341: “Dynamics &
Control of Chemical and

Biological Processes”
» Course themes: mathematical Contrter
analysis of processes that

change in time, strategies for g —
~

controlling process dynamics

» Pedagogical goal: improve
students’ ability to utilize and
draw appropriate conclusions
from empirical data

» Students: ~30 senior ChE
undergrads and a few MS

Source: Joshua Leonard, ChE 341



Designing assessment questions:
critical thinking skills targeted

» Summarize the pattern of results in a gr
without making inappropriate inferences

» Evaluate how strongly correlation-type da
supports a hypothesis

» Evaluate whether spurious information
strongly supports a hypothesis

» Identify additional information needed t
evaluate a hypothesis
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A control engineer is working in a chemical plant in which it has been determined that an existing che
must be outfitted with a new control scheme in order to keep the concentration of product pro
eactor (Cp) within desired limits. The engineer hypothesized that it should be possible to modu
oncentratlon by adjusting the rate at which the feed enters the reactor (F). In order to program
ngineer must derive an equation that relates the quantities F and C,. Therefore, the engi
periment in which F was adjusted to a particular value and held constant for 1 hour then
en F wgs )ad]usted to a new value, and so on in order to obtain the data plotted below (i.e
re made).



txample : Summarize the pattern o
in a graph without making inappropr
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A control engineer is working in a chemical plant in which it has been determined that an exist
reactor must be outfitted with a new control scheme in order to keep the concentration of produ
that reactor (Cp) within desired limits. The engineer hypothesized that it should be possible
roduct concentration by adjusting the rate at which the feed enters the reactor (F). In ord
ontroller, the engineer must derive an equation that relates the quantities F and C,.. Ther
erformed an experiment in which F was adjusted to a particular value and held constant f
easured, and then F was adjusted to a new value, and so on in order to obtain the data plo
easurements were made).



txample : Summarize the pattern o
in a graph without making inappropr

inferences
1. Summarize the information presented in Figure 1
Criterion 1: Can they can read the graph?

Yes No
0 points
If they describe any type of decrease in If they don’t describe any type of decrease in
product concentration with increasing mass | product concentration with increasing mass
feed rate feed rate
Go to Criterion 2 Stop here

Criterion 2: Were inappropriate inferences made

No Yes
1 point 0 points
No definitive causal relationship is identified.
They may mention possible causes for this Ex: Increasing the mass feed rate caused
trend so long as trend is not attributed to any | the product concentration to decrease.
one or more causes.

Ex. Product concentration decreases with

Ex: As the mass flow rate was increased, the mass feed rate in a linear fashion.

product concentration measured decreased.

Ex. Product concentration decreases with
mass feed rate in a seemingly linear fashion.




EECS 384: “Solid State
Electronic Devices”

» Course themes: relating electronic mater
properties to device operation

» Pedagogical goal: improve students’ abilit
work in groups and to solve critical thinkin
problems

» Students: ~12 senior EECS undergrads and
junior grads
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Sowrce-Drain Voltage V, (V) Sourca-Drain Volage ¥, (V)

FiG. I Drsin current dharaclenstios of & peryleme fisld-effed imnsidor Fig. L Dmain csmesd vs dmin-source-voliage of a pestacesss thin film
opermiad in the p-channe mods 8 room lemperaiure. trassastor working as n-chasse| device.

SECTION I. Mark is a well-respected scientist in an industrial
research laboratory who has invented a new processing techniqu
which he argues can make useful electronic devices out of any
layer of plastic polymer. The data shown below were taken f
two samples processed on different days with completely di
olymers that he has processed with the same technique
raphs were published in highly respected journals.
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SECTION I. Mark is a well-respected scientist in an industrial
research laboratory who has invented a new processing technig
which he argues can make useful electronic devices out of any
layer of plastic polymer. The data shown below were taken f
two samples processed on different days with completely
polymers that he has processed with the same techni
raphs were published in highly respected journals.
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Orain Curent I, {uA}

Sowrce-Drain Voltage V, (V) Sourca-Drain Volage ¥, (V)

FiG. I Drsin current dharaclenstios of & peryleme fisld-effed imnsidor Fig. L Dmain csmesd vs dmin-source-voliage of a pestacesss thin film
opermiad in the p-channe mods 8 room lemperaiure. trassastor working as n-chasse| device.

1) What do you see in this data that may have contributed to

Nancy’s suspicions of falcification?
ONE POINT EACH (UP TO 3 POINTS MAX) IF STUDENT

VENTID LS TesEl 60k remankably similar, virtually
myriiagGikhabiage labels for curves are identical (-1V
thidalghs-obeRes are the same except for a negative

ExgdVPLES OF INCORRECT ANSWERS:

* That the graphs are “exactly 1dentical”, which 1g

change of sign In the




Orain Curent I, {uA}

Sowrce-Drain Voltage V, (V) Sourca-Drain Volage ¥, (V)

FiG. I Drsin current dharaclenstios of & peryleme fisld-effed imnsidor Fig. L Dmain csmesd vs dmin-source-voliage of a pestacesss thin film
opermiad in the p-channe mods 8 room lemperaiure. trassastor working as n-chasse| device.

2) A number of scientists who share the Nancy’s concerns hav
convened a panel of volunteer scientists drawn from five differ
universities and research centers to address this question of whe

this data represents scientific misconduct or not. In defense o
QD!&rQHTeEe{é [64PoTR W EHY TdatdoX MTcht ey deivt N AL
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Orain Curent I, {uA}

Sowrce-Drain Voltage V, (V) Sourca-Drain Volage ¥, (V)

FiG. I Drsin current dharaclenstios of & peryleme fisld-effed imnsidor Fig. L Dmain csmesd vs dmin-source-voliage of a pestacesss thin film
opermiad in the p-channe mods 8 room lemperaiure. trassastor working as n-chasse| device.

2) A number of scientists who share the Nancy’s concerns hav
convened a panel of volunteer scientists drawn from five differ
universities and research centers to address this question of whe
this data represents scientific misconduct or not. In defense o

Bl s Eex ANl BECSP ROk thiis/ddfa Y izht represent Mar
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this quality / others did not repeat the experiment corre
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Jssue 1S why miaht the curves be,so similar.) .




Orain Curent I, {uA}

Sowrce-Drain Voltage V, (V) Sourca-Drain Volage ¥, (V)

FiG. I Drsin current dharaclenstios of & peryleme fisld-effed imnsidor Fig. L Dmain csmesd vs dmin-source-voliage of a pestacesss thin film
opermiad in the p-channe mods 8 room lemperaiure. trassastor working as n-chasse| device.

3) The panel is authorized to contact Mark and make up to three different s
requests of him to establish the validity of Mark’s results. List three examp
that a panelist could request and explain how it could help to identify wheth

scientific misconduct took place.
ONE POINT EACH (UP TO 2'POINTS MAX) IF STUDENT MENTIONS THE

SOEINNE 1aboratory notebook
*View raw data

* Ask Mark to repeat the experiment and provide fresh
* Ask for samples so that independent scientists can r
* Allow outside observer to examine Mark’s proces

r o




Designing Critical Thinking
Questions

» 1. Choose a scenario from the examples listed.

» 2. Create 2 critical thinking questions based on the
critical thinking skills list

» 3. Share with the larger group




Activities to Promote Critical
Thinking




In-class activity:
critical thinking skills targeted

» Summarize the pattern of results in a gr
without making inappropriate inferences

» Evaluate how strongly correlation-type da
supports a hypothesis

» Evaluate whether spurious information
strongly supports a hypothesis

» Identify additional information needed t
evaluate a hypothesis

Completely aligned with critical thi
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Start with a set of “actual”
experimental data

Goal: derive an empirical model

of this process

Students work in teams of 3-4 to
address prompts, discuss in teams

and then as a class

(F)

tem

perature

g

Innovation: Team-based critical
thinking exercise using emnirical
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Summarize/interpret these data. What conclusions can be drawn?

How strongly do these data support the hypothesis that the syste
FODT behavior?
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3. Propose an alternative hypothesis tha
team finds most compelling, and then E)r
additional experiments that cou

conducted to evaluate your hypothesis
why these experiments would let yo
which of these two hypothes
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4. Now you repeat the experiment and measure the new data (X) shown

To what extent do these new data support the original hypothesis an
the alternatives proposed?




Insights and observations

» General belief: infallibility of data
» need models that “better fit the data”

» Students initially lack the language to enu
critical thinking analyses

» language improves quality and precision of analy

» Key benefits of in-class activity
» modeling critical thinking process and language
» feedback from peers and instructor
» expose and confront subconscious assumptio

» Integration: follow up homework and fj

. Definitelyy come reflection of activitiac




EECS 384: “Solid State
Electronic Devices”

» Course themes: relating electronic mater
properties to device operation

» Pedagogical goal: improve students’ abilit
work in groups and to solve critical thinkin
problems

» Students: ~12 senior EECS undergrads and
junior grads




Innovation: Quiz Teams

Learning objectives: critical thinking skills
targeted

» Develop dynamic group thinking skills

» Develop awareness of multiple perspective
each problem

» Learn to present, defend, evaluate critical
responses

» Develop critical skills with different team
partners



Innovation: Quiz Teams

Method

» Students group into Quiz-Teams of 3
students each to discuss three problem
period of 5-7 min.

» Students use hole-punch to commit to
multiple choice answers

» Quiz-Teams discuss their answers and the
reasoning for 3 min. with the entire class

» Quiz-Team partners change every two
quizzes




1) For the following basis vectors, what Is the uni
A. a

. a, a. .
a=ax b:§x+zy c=az

B. a3/2
C. 2a°
Lattice #1 Lattice #2
D. a a
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#2) Select all point group symmetries (if any) that the left |
does not have:

A. reflection through a point about vertical axis

B. reflection through a point about horizontal axis

C. rotation through a point by 90 degrees

£5) Cueysthdteystenibareghdfinyed by point group symmetri
lattices are additionally defined by translational sym
T. True

|. Insufficient Information



#1) For th
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#2) Select all point group symmetri
does not have:

A. reflection through a point abou
B. reflection through a point abo
C. rotation through a point by
£b) Oeysthtpystenthanegidfined
lattices are additionally define
T. True

|. Insufficient Information




Quiz Teams:

TR iaeht Ware Ehgaged

» Spirited discussions

» Group dynamics clearly affected the decisi

» sometimes the loudest voices in a group would
more timid ones away from the correct answer

» High satisfaction with learning

» Even when student team got problem wrong, they
seemed quite eager to hear discussions and
justifications of the correct explanation

» seemed to recognize the missing piece whic
them from getting the correct answer wh
shown to them




s Learned

Key Areas to Pedagogical
Assess Approaches

Benefits

e Ability to e Model thinking e Enhanced
generate  Question critical thinking
plausible assumptions « Enhanced
alternatives o Ask for written creativity

» Belief in the explanations o Greater
infallibility of and reasoning satisfaction
data o Utilize peer with learning

o Communication feedback
of explanations « Use real world

& reasoning examples




Goals for us as scientists and for our stu

* Examine central issues and assumptions
* Evaluate multiple perspectives

* Recognize important relationships

* Make correct inferences from evidence
* Deduce conclusions from information or evidence

Interpret viability of conclusions, using evidence




Goals for us as scientists and for our stud

Evaluate evidence or authority
Look for--or create--new solutions
Reframe problems, issues, questions

Reflect on one’s own gaps, strengths,

weaknesses
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