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Water Resources: Hydraulic pressure

TheEnvironmentsForFosteringEffectiveCriticalThinking(EFFECTs)
are modular inquiry basedtools specificallydesignedto develop
critical thinkingskills,collaborativeteamworkskillsandimprovethe
transferof coreknowledgein engineeringclasseswith the final goal
of enablinggoodengineeringjudgment.
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Test
[n=19 students]

Scientific Reasoning
(Lawson 1978)

Core Knowledge

Pre-Test Post-Test Pre-Test Post-Test

Mean 5.89 7.93 16.00 20.84

Standard deviation 1.91 2.15 4.80 6.40

Coefficient of 
variation (%)

32.4 27.1 30.0 30.7

Effect size 1.06 1.01

n. Re-design / Group discussion

n-1. Hands-on module n

3. Hands-on module 2

2. Hands-on module 1

1. Decision Worksheet 
(Driving Question)

Pedagogical structure of EFFECTs

Journal entry

Final design

άΧL ǿƻǳƭŘ ǘƘƛƴƪ ǘƘŀǘ ƛǘ ƛǎ ŜȄǘǊŜƳŜƭȅ ƳƻǊŜ 
difficult to build something underwater 
and way up in the air than it is to build it 
closer to the ground.  This is my opinion, 
but I am not sure to what the most 
difficult actually is. I have never thought 
ŀōƻǳǘ ƛǘΦέ

Sample opening journal entry (Structures)

Environmental Eng. Decision Worksheet

ÅA driving questionto provide motivation and real-world context
ÅDecision worksheetsto elicit prior knowledge articulate predictions based on that 

understanding
ÅSmall group collaborationto require students to discuss, compare and evaluate 

information and ideas.
ÅHands-on, inquiry investigationswhich allow students to test their ideas and 

knowledge to encourage self-correction and critical thinking. 
Å Journal entriesto encourage reflection and meta-cognition and to specifically 

require students to continuously identify what information or concepts they still 
require to solve the problem.

Structural Engineering EFFECT

U. of South Carolina
ECIV 101 ςIntro to Civil (20)
ECIV200 ςStatics (32)

Midlands Technical C.
CET244 ςSteel Design (20)

Geotechnical Engineering EFFECT

University of South Carolina
ECIV 101 ςIntroduction to Civil Engineering (20 students)

Environmental Engineering EFFECT

University of South Carolina
ECIV 101 ςIntroduction to Civil Engineering (20 students)

TransportationEngineering EFFECT

Marshall University
ENGR 107 ςIntro to Eng. (52)

U. of South Carolina
ECIV 101 ςIntro to Civil (20)

SurveyingEFFECT

Midlands Technical C.
CET 105 ςSurveying (13)

U. of South Carolina
ECIV 101 ςIntro to Civil (20)

Water Resources EFFECT

University of South Carolina
ECIV 101 ςIntroduction to Civil Engineering (20 students)

Results ςIntro to Civil Eng. (ECIV 101)

ÅTo developEnvironmentsFor FosteringEffectiveCriticalThinking
for Freshman
ÅTo evaluatethe effectivenessof the EFFECTsin fostering critical

thinking
ÅToevaluatethe transferabilityof the EFFECTsto other institutions
ÅToevaluatethe longitudinalimpactof the freshmanlevelEFFECTs

TRIO program (HS students)

50 underrepresented students ςSummer 2007
60 underrepresented students ςSummer 2008

Fundamentalsof Inquiry

University of South Carolina
Two faculty part of the fundamentalsof inquiry 

partnerships at the USC Center of Teaching Excellence

Carolina Master Scholars (HS students)

12 students ςGeotechnical engineering EFFECT

Journal entry

Journal entry

Journal entry

Environmental Engineering

Geotechnical Engineering Transportation EngineeringSurveying: Area of a parking lot

Intra / Inter rater reliability (Core knowledge, Critical thinking) - Journals

Caicedo Flora Nichols Pierce Graf Timmerman Marulanda

Caicedo 0.90, 0.89 0.84, 0.82 0.87, 0.60 0.87, 0.91 0.91, 0.92 0.88, 0.88 0.94, 0.91

Flora 0.76, 0.86 0.68, 0.93 0.74, 0.82 0.78, 0.91 0.68, 0.85 0.93, 0.95

Nichols 0.79, 0.75 0.71, 0.87 0.95, 0.93 0.70, 0.94 0.84, 0.88

Pierce 0.91, 0.96 0.91, 0.88 0.62, 0.70 0.94, 0.91

Graf 0.87, 0.91 0.67, 0.90 0.96, 0.91

Timmerman 0.78, 0.84 0.94, 0.92

Marulanda 0.77, 0.68

Geotechnical Engineering: 
Bench-scaled levees test

Environmental Engineering: Sample preparation

Transportation Engineering

άLƴ Ŏƭŀǎǎ ƻƴ ¢ǳŜǎŘŀȅ L ƭŜŀǊƴŜŘ ǘƘŀǘ ǘƘŜ 
need for different types of soil is 
necessary when building a levee. The 
rocks help with the sturdiness. The sand 
and clay powder were used to fill in the 
extra space. I also learned that when 
we added a little water it helped move 
the soil closer together and increases 
the density a little more. The amount of 
soil needed is a lot more than I 
ŜǎǘƛƳŀǘŜŘ ƛƴ ǘƘŜ ōŜƎƛƴƴƛƴƎΦέ

Sample journal entry (Geotech)

http://www.ce.sc.edu/effects


