Bloom and Krathwohl Definitions of Levels and McBeath Action Verbs

Definitions:

Knowledge

Comprehension

Application

Analysis

Synthesis

Evaluation

Valuation

Bloom’s Definition:

Remembering previ-
ously learned infor-
mation

Grasping the mean-
ing of information

Applying knowledge
to actual situations

Breaking down ob-
jects or ideas into
simpler parts and
seeing how the parts
relate and are organ-
ized

Rearranging compo-
nent ideas into a new
whole

Making judgments
based on internal
evidence or external
criteria

Sensitiv-
ity/willingness to re-
ceive (awareness w/o
assessment, willing-
ness to suspend
judgment); Actively
respond (comply,
commit, internal sat-
isfaction); Value
(acceptance of worth,
preference); Organ-
ize (when values
conflict)

Verbs:

Arrange, define, de-
scribe, duplicate,
identify, label, list,
match, memorize,
name, order, outline,
recognize, relate, re-
call, repeat, repro-
duce, select, state

Classify, convert,
defend, describe, dis-
cuss, distinguish, es-
timate, explain, ex-
press, extend, gener-
alized, give exam-
ple(s), identify, indi-
cate, infer, locate,
paraphrase, predict,
recognize, rewrite,
report, restate, re-
view, select, summa-
rize, translate

Apply, change,
choose, compute,
demonstrate, dis-
cover, dramatize,
employ, illustrate,
interpret, manipulate,
modify, operate,
practice, predict, pre-
pare, produce, relate
schedule, show,
sketch, solve, use,
write

Analyze, appraise,
breakdown, calculate,
categorize, compare,
contrast, criticize,
diagram, differenti-
ate, discriminate,
distinguish, examine,
experiment, identify,
illustrate, infer,
model, outline, point
out, question, relate,
select, separate, sub-
divide, test

Arrange, assemble,
categorize, collect,
combine, comply,
compose, construct,
create, design, de-
velop, devise, ex-
plain, formulate, gen-
erate, plan, prepare,
propose, rearrange,
reconstruct, relate,
reorganize, revise,
rewrite, set up, sum-
marize, synthesize,
tell, write

Appraise, argue, as-
sess, attach, choose,
compare, conclude,
contrast, defend, de-
scribe, discriminate,
estimate, evaluate,
explain, judge, jus-
tify, interpret, relate,
predict, rate, select,
summarize, support,
value

Accept, challenge,
defend, respect,
question, support,
enjoy
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Outcome A: An ability to apply knowledge of mathematics, science, and engineering (Updated 01/30/00)

Definitions:

Knowledge

Comprehension

Application

Analysis

Synthesis

Evaluation

Valuation

Outcome Element:

Applying knowledge of
mathematics

Recognizes func-
tional relationships
among independent
and dependent vari-
ables.

Describes mathe-
matical and physical
significance of func-
tions, derivatives of
functions, and inte-
grals of functions.

Explains the role of
mathematics as a tool
for modeling systems
and processes.

Applies mathematical
principles to obtain
analytical or numeri-
cal solutions to
model equations.

Chooses a mathe-
matical model of a
system or process
appropriate for the
required accuracy.

Applies principles of
numerical solutions
to integrals and dif-
ferential equations.

Identifies mathe-
matical and physical
assumptions that al-
low model to be de-
veloped and solved at
the level of accuracy
required.

Applies concepts of
integral and differen-
tial calculus and lin-
ear algebra to solve
problems.

Combines mathe-
matics principles to
formulate models of
chemical, physical,
and/or biological
processes and sys-
tems as relevant to

area of concentration.

Evaluates validity
and reliability of
mathematical models
by comparing model
solutions to either
known results for
simplified cases (i.e.
numerical solutions
compared to asymp-
totic analytical solu-
tions) or relevant
empirical data.

Interprets mathe-
matical model results
to estimate accuracy
and reliability.

Accepts limitations
of mathematical
models to physical
reality.

Challenges predic-
tions of mathematical
models until inde-
pendently verified.
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Definitions

Knowledge

Comprehension

Application

Analysis

Synthesis

Evaluation

Valuation

Outcome Element:

Applying knowledge of
science and engineer-
ing fundamentals

Describes funda-
mental scientific and
engineering princi-
ples in chemical,
physical, and/ or
biological processes
and systems as rele-
vant to area of con-
centration.

Identifies which fun-
damental scientific
and engineering prin-
ciples govern the
performance of a
given process or sys-
tem.

Applies engineering
science principles as
relevant to area of
concentration, e.g.:

“Conservation” prin-
ciples of total mass,
species mass, linear
momentum, angular
momentum, energy,
or charge to model
chemical, physical,
and/or biological
processes or systems.

Rate and constitutive
equations to model
relevant chemical,
physical, and/or bio-
logical processes or
systems.

Thermodynamic
principles to predict
bounds on the per-
formance of proc-
esses or systems.

Materials principles
to characterize be-
havior of physical,
chemical, and/or
biological processes
or systems.

Analyzes modeling
results of systems or
processes using fun-
damental scientific
and engineering prin-
ciples.

Analyzes data sets
using statistical con-
cepts.

Combines scientific
and engineering prin-
ciples to formulate
models of processes
and systems.

Evaluates validity
and reliability of
model solutions by
comparing model
predictions to either
known experimental
results for specific
processes or systems
or simplified theo-
retical results.

Interprets physical
significance of model
predictions.

Defends use of se-
lected engineering
science principles to
model a specific pro-
cess or system.

Accepts limitations
of mathematical
models in predicting
the performance of
chemical, physical,
and/or biological
processes or systems
as relevant to area of
concentration.

Accepts the role of
mathematical models
in guiding engineer-
ing design work.

Accepts variance
between model pre-
dictions and process
or system perform-
ance.
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Outcome B: An ability to design and conduct experiments, as well as to analyze and interpret data (Updated 01/30/00)

Definitions

Knowledge

Comprehension

Application

Analysis

Synthesis

Evaluation

Valuation

Outcome Element:

Designing Experi-
ments

Recognizes applica-
ble analytical mod-
els, possible simu-
lators (e.g. physical,
digital, continuous,
other format), test-
ing apparatus, data-
bases, models, etc.

Identifies applicable
theory and recognize
the past history.

Describes different
measurement tech-
niques and alterna-
tives based on cost,
etc.

Gives examples of
possible disruptions
that may occur while
conducting experi-
ment that could af-
fect experimental
data.

Discusses labora-
tory/experimental
protocols.

Understands the
need for proper
units.

Indicates how ex-
isting theory/history
differs/complements
current question.

Selects the variables
in question (con-
trollable, level of
variation, impact
with other vari-
ables).

Identifies the con-
straints and assump-
tions for the experi-
ment - cost, time,
equipment.

Constructs an ap-
propriate hypothesis
or problem state-
ment.

Selects appropriate
equipment, test ap-
paratus, model, etc.
for measuring vari-
ables in question.

Is aware of orderli-
ness and integrity of
data

Uses existing the-
ory/history to design
an experiment.

Chooses the meas-
ure(s) of effective-
ness by which the
outcome or the al-
ternative will be
evaluated — cost,
quality, value, time
to complete, feasi-
bility.

Formulates the
control and evalu-
ating alternatives of
the experiment.

Develops contin-
gency plans.

Applies constraints
and assumptions
into experimental
design.

Determines the data
that are appropriate
to collect.

Specifies and justi-
fies the assumptions
given test condi-
tions.

Predicts experi-
mental uncertainties.

Combines informa-
tion for experiment
from multiple
sources.

Accepts the limita-
tions and extensions
that an experiment
built can be used to
represent the system.
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Definitions

Knowledge

Comprehension

Application

Analysis

Synthesis

Evaluation

Valuation

Outcome: Element:

Conducting Experi-
ments

Is aware of meas-
urement errors in
instrumentation,
human, environ-
ment.

Anticipates and
minimizes experi-
mental disruptions
via pilot study.

Acknowledges pos-
sible disruptions to
existing surround-
ings and operations.

Uses appropriate
measurement tech-
niques to collect
data.

Facilitates use of
modern data collec-
tion techniques
(computer for data
logging).

Follows ethical
protocols when col-
lecting data.

Documents collec-
tion procedures such
that experiment may
be repeated.

Anticipates and
minimizes data er-
rors via pilot study.

Outcome Element:

Analyzing Data

Selects and explains
different methods of
analysis (descriptive
and inferential) and
depth of the analysis
needed.

Identifies different
audiences and their
analysis/summary
needs.

Identifies arti-
facts/confounding
elements that may
result.

Uses appropriate
tools to analyze
data.

Selects and uses
appropriate, self-
explanatory graph
formats for data.

Prepares analysis
such that results can
be replicated.

Applies statistical
procedures where
appropriate.

Investigates possi-
ble artifacts with a
balance of costs as-
sociated with the
analysis.

Organizes informa-
tion into meaningful
categories
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Definitions

Knowledge

Comprehension

Application

Analysis

Synthesis

Evaluation

Valuation

Outcome Element:

Interpreting Data

Recognizes how
results relate or dif-
fer from theory or
previous results.

Verifies and vali-
dates experimental
results.

Questions whether
constraints hold in
both experiment and
real world.

Relates and makes
connections between
the measured prop-
erty and variables.

Examines data with
respect to measures
of effectiveness.

Considers risk.

Combines results of
multiple experi-
ments, history or
data sources

Clearly presents
information in ap-
propriate, usable
formats (graph, nu-
merical, text, etc.).

Considers possible
extensions of results
to other areas.

Interprets results
with respect to the
assumptions and
constraints.

Interprets results
with regards to how
they relate the theo-
retical state of na-
ture or system.

Selects the most ap-
propriate alterna-
tives based on solu-
tion criteria.

Assesses the accu-
racy and precision
of the results.

Interprets results
with respect to the
original hypothesis.

Respects and un-
derstands the need
to consider results
from different view
points and audi-
ences.

Appraises how re-
sults can be used to
make a decision.

Recognizes experi-
ment’s limitations.
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Outcome C: An ability to design a system, component, or process to meet desired needs (Updated 04/04/00)

Definitions

Knowledge

Comprehension

Application

Analysis

Synthesis

Evaluation

Valuation

Outcome Element:
Need Recognition

Identifies stated and
unstated wants and
needs that motivate
the design effort;
converts them into a
needs statement.

Recites definitions.

Names established
methods and lists
their steps.

Describes differ-
ences among various
methods.

Carries out steps in
a hypothetical de-
sign situation when
asked.

Selects and per-
forms appropriate
method at a proper
stage of a design
project.

Analyzes perceived
wants and needs to
isolate the most
relevant needs.

Produces a clear
and unambiguous
needs statement in a
design project.

Assesses/verifies
consistency of needs
statement with cus-
tomer’s and societal
needs.

Accepts that design
effort benefits from
a clear, unambigu-

ous needs statement

Outcome Element:
Problem Definition

Determines design
objectives and func-
tional requirements
based on needs
statement. Identifies
constraints on the
design problem, and
establishes criteria
for acceptability and
desirability of solu-
tions.

Recites definitions.

Names established
methods and lists
their steps.

Describes differ-
ences among various
methods.

Carries out steps
when asked.

Selects and utilizes
appropriate method
for problem defini-
tion.

Successfully pro-
duces problem defi-
nition at an appro-
priate stage of a de-
sign project.

Analyzes a needs
statement to isolate
information per-
taining to problem
definition.

Guides a design
project by use of the
produced problem
definition.

Evaluates adequacy
and consistency of
produced problem
definition with
needs statement,
reality.

Accepts that good
problem definition
assists the design
process.

Outcome Element:
Planning

Development of a
design strategy, in-
cluding an overall
plan of attack, de-
composition of de-
sign problem into
subtasks, prioritiza-
tion of subtasks, es-
tablishment of
timetables and mile-
stones by which
progress may be
evaluated.

Recites definitions.

Names and lists
steps in design proc-
ess.

Lists established
management strate-
gies and their ele-
ments.

Describes differ-
ences among various
design steps.

Carries out steps
when asked.

Selects and per-
forms appropriate
design stage at an
appropriate point in
a design project.

Analyzes progress
of design in order to
revise plan as
needed.

Produces a design
strategy and uses it
to guide a design
project.

Evaluates progress
by comparing cur-

rent design state to
design plan.

Accepts that plan-
ning is important to
design success.

Supports planning
efforts
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Definitions Knowledge Comprehension Application Analysis Synthesis Evaluation Valuation
Outcome Element: | Names project Describes differ- Selects and per- Analyzes progress Maintains a design | Judges quality of Respects changes in
monitoring tech- ences among various | forms appropriate of design in order to | strategy during a monitoring. original plan.
Management niques. techniques. monitoring and/or revise plan as design project. .
Judges quality of Accepts need for

Guidance of course
of action during de-
sign and in response
to changing condi-
tions.

Lists their elements
and applications.

Lists methods to

modify design plans.

Modifies a given
design plan for a
specific situation.

modification process
during a design
project

needed.

Analyzes errors to
determine proper
reaction.

revisions to plan.

changes.

Outcome Element:

Information Gath-
ering

Gathers information
about the design
problem, including
the need for a solu-
tion, user needs and
expectations, rele-
vant engineering
fundamentals and
technology, and

feedback from users.

Names and lists
steps in information
gathering.

Lists established
methods and their
elements.

Uses specified in-
formation gathering
method to research a
specified design is-
sue.

Recognizes need for
information during a
design project.

Gathers information
using an appropriate
method.

Analyzes informa-
tion needs to deter-
mine type of infor-
mation to gather
during a design
project.

Employs gathered
information in de-
sign decisions.

Judges quality of
gathered informa-
tion.

Accepts that infor-
mation gathering is
important to design
success.

Outcome Element:
Idea Generation

Transforms objec-
tives/ functional re-
quirements into
candidate solutions.

Names established
idea generation
methods.

Lists their steps and
attributes.

Describes differ-
ences among meth-
ods.

Performs specified
method in hypo-
thetical design
situation when
asked.

Selects and per-
forms appropriate
idea generation
methods in a design
project.

Analyzes failed
candidates to sug-

gest new candidates.

Integrates gener-
ated ideas into de-
sign plan.

Generates ideas
creatively or ad hoc
where established
methods fail.

Judges complete-
ness, quality of gen-
erated candidates.

Accepts that gen-
eration of multiple
alternatives is im-
portant; respect al-
ternate solutions.

Outcome Element:
Modeling

Employs models /
representations /
simulations of the
physical world to
provide information

for design decisions.

Recites definitions.

Names and lists
modeling and simu-
lation methods and
representation tech-
niques, their ele-
ments and applica-
bility.

Describes differ-
ences among meth-
ods.

Uses a specified rep-
resentation to inves-
tigate a given design
issue.

Carries out steps of
a specified method
when asked

Selects and per-
forms model or rep-
resent-action at an
appropriate point in
a design project.

Analyzes output of
model or represen-
tation.

Incorporates output
of model into the
design project.

Evaluates quality of
model, simulation,
or representation
and its output.

Accepts that mod-
eling is important to
design success.
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Definitions Knowledge Comprehension Application Analysis Synthesis Evaluation Valuation
Outcome Element: | Recites definition of | Recognizes feasible | Performs feasibility | Analyzes perform- Uses the result of Evaluates judge- Accepts that recog-
Feasibilit feasibility. candidates among a | analysis at an ap- ance results, mod- feasibility analysis ments of feasibility, | nizing feasibility is

y selection of candi- propriate point in a eling results, inter- to choose a candi- particularly with important to design

Evaluates feasibility
of alternatives or
proposed solutions
by considering
stated constraints as
well as implied con-
straints such as
manufacturability,
cost, compatibility.

Names and lists
steps in feasibility
analysis methods.

dates (using a
specified method).

design project, se-
lecting applicable
method.

faces to determine
source of failure.

date.

Employs insights
gained.

respect to possible
biases.

SucCcCess.

Outcome Element:
Evaluation

Objectively deter-
mines relative value
of feasible alterna-
tives or proposed
solutions by com-
paring expected or
actual performance
to evaluation crite-
ria.

Names and lists
evaluation methods
and their elements,
applicability.

Describes differ-
ences among various
methods.

Carries out speci-
fied method when
asked.

Selects and applies
appropriate evalua-
tion method at an
appropriate point in
a design project.

Analyzes results of
evaluation to discern
additional criteria.

Ranks or otherwise
rates candidates
based on evaluation
results.

Reports on ex-
pected performance
of candidates.

Judges quality and
comprehensiveness
of evaluation, par-
ticularly by recog-
nizing possible bi-
ases.

Accepts that
evaluation is im-
portant to design
success.

Respects systematic,
unbiased methods of
evaluation.

Outcome Element:
Selection / Decision

Selection of most
feasible and suitable
concept among de-
sign alternatives.

Names established
decision and selec-
tion methods and
their steps and ap-
plicability.

Lists common deci-
sion criteria.

Describes differ-
ences between deci-
sion and selection
methods.

Makes a decision or
selection given a set
of alternatives.

Selects and per-
forms appropriate
decision and selec-
tion methods at an
appropriate point in
a design project.

Analyzes feasible
alternatives to iden-
tify bases for deci-
sion, selection.

Selects a candidate
and proceed with
design.

Evaluates quality of
selection or deci-
sion, e.g. with re-
spect to possible
bias.

Accepts that timely
selection, structured
decision process is
important to design
success.

Outcome Element:
Implementation

Creating an instance
of physical products
and processes for
purpose of testing or
production.

Lists and outlines
manufacturing and
prototyping meth-
ods.

Lists applications,
strengths, weak-
nesses.

Describes differ-
ences among meth-
ods.

Selects an appropri-
ate method given a
situation.

Builds a prototype
by a specified
method.

Selects and imple-
ments fabrication or
production for de-
sign project.

Analyzes output to
suggest alternate
methods of fabrica-
tion or production.

Builds a prototype
or manufactures the
artifact.

Incorporates com-
ponents into a final
design.

Judges quality of
prototype or prod-
uct.

Accepts that
prototyping and
manufacturing are
important to design
success.
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Definitions

Knowledge

Comprehension

Application

Analysis

Synthesis

Evaluation

Valuation

Outcome Element:
Communication

Exchange of infor-
mation with others,
utilizing appropriate
formats.

Names types of
communication and
their formats.

Names and lists
steps in communi-
cation methods.

Describes differ-
ences between vari-
ous forms of com-
munication.

Carries out when
asked.

Selects and per-
forms appropriate
form of communi-
cation at appropriate
points in a design
project.

Analyzes messages
to identify implied
information.

Recognizes errors
and means of rem-
edy.

Communicates suc-
cessfully throughout
a design project.

Directs received
communications to
proper recipient

Evaluates effective-
ness of chosen for-
mat and message.

Accepts that good
communication and
group dynamics is
important to design
success.

Lists difficulties, Identifies possible

strengths, and appli- | pitfalls in a hypo-

cations. thetical design

situation.
Outcome Element: | Names common Describes differ- Selects and per- Analyzes design Creates comprehen- | Evaluates quality of | Accepts that diligent
. forms and purposes ences among forms forms appropriate activity to locate sive history of de- produced documen- | documentation is

Documentation . . . . . . . .

of documentation. of documentation. documentation at an | targets of documen- | sign process as de- tation and choice of | important to design

Produces usable
documents of record
regarding the design
process and design
state, including de-
cision history and
criteria, project plan
and progress, inter-
mediate design
states, finished
product and use of
product.

Lists common tar-
gets of documenta-
tion, elements of
good documenta-
tion.

Documents a spe-
cific design action
by a specific form
when asked.

appropriate point in
a design project.

tation.

sign proceeds.

documentation for-
mat (e.g., given
audience).

SUCCess.

Outcome Element:
Iteration

Utilizes strategies to
inform design deci-
sions which may
contribute to a
change in a design
state (e.g., the
problem definition,
problem solutions,
or design process
plan).

Recites definitions.

Identifies strategies
or procedures that
generate information
which may contrib-
ute to design deci-
sions.

Describes iterative
process models of
design.

Modifies, improves
or elaborates a de-
sign state given a
situation.

Selects and per-
forms strategies to
generate information
that may be used to
modify, improve or
elaborate a design
state.

Examines and cri-
tiques progress for
opportunities to re-
vise design state as
needed.

Analyzes violations,
inconsistencies, or
conflicts to deter-
mine proper re-
sponse.

Incorporates and
integrates feedback.

Generates new
knowledge about
design problem.

Develops new
strategies or tools to
monitor progress.

Critiques quality of
monitoring, strate-
gies and tools.

Judges quality of
revisions to design
state.

Accepts and sup-
ports changes to
original plan or
product.
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Outcome D: An Ability to Function on Multi-Disciplinary Teams (04/11/00)

Definitions:

Knowledge

Comprehension

Application

Analysis

Synthesis

Evaluation

Valuation

Outcome Element:

Collaboration/ Conflict

Defines stages of
team development

Recognizes distinc-
tions between stages

Determines a teams
current state of de-

Distinguishes effec-
tive team process

Formulates plans for
helping a team de-

Accurately evaluates
a teams current state

and the sequence in in team development. | velopment. relative to ineffective | velop from one stage | of development and
Management: . .
which they occur. . . team process. to the next prescribe plans for
Identifies specific . .
Team Development: . . enhancing effective-
RS behaviors and skills
Basic principles of ness.
that support team.
group development and .
X . effectiveness.
interpersonal dynamics
Outcome Element: Recognizes differ- Describes how dif- Modifies his/her own | Compares and con- Capitalizes on indi- Evaluates the pros Respects differences

Collaboration/ Conflict
Management:

Interpersonal style:
Recognizing and capi-
talizing on differences
in style and perspective

ences in interpersonal
style

ferences in interper-
sonal style impact
team behavior and
performance

style to accommodate
needs of others

trasts differences in
team members inter-
personal styles

vidual differences in
style and perspective
to improve team
performance

and cons of different
style types relative to
team performance

in style, culture, ex-
perience or knowl-
edge

Outcome Element:

Collaboration/ Conflict
Management:

Conflict Management:
Principles of problem-
based Conflict man-
agement.

Defines principles of
constructive conflict
management; €.g.,
win-win; issues ver-
sus positions; objec-
tive criteria; interest
based negotiation.

Describes how to use
principles of con-
structive conflict
management

Applies principles of
constructive conflict
management to inter-
actions with others

Identifies underlying
issues associated with
conflicting positions

Effectively con-
structs solutions that
integrate seemingly
contrary positions

Evaluates conflict
outcomes against
objective criteria

Remains nonjudg-
mental when dis-
agreeing with others

Values alternative
perspectives

Maintains a neutral
perspective when
resolving differences
between others

Outcome Element:

Collaboration/ Conflict
Management:

Participation: Under-
standing of and willing-
ness to be fully involved
in team efforts

Defines what partici-
pation means in a
team setting

Describes what one
must do to participate
fully in team projects

Shares responsibili-
ties with other team
members

Demonstrates com-
mitment to team
goals

Supports other team
members in their as-
signed roles

Flexible and respon-
sive to others needs

Helps team create
plans for ensur-
ing/improving par-
ticipation

Encourages in-
volvement from oth-
ers

Cooperative and
open with others

Enjoys interacting
with others to com-
plete work

Views problems as
team issues not as
things that affect only
one or two people
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Definitions

Knowledge

Comprehension

Application

Analysis

Synthesis

Evaluation

Valuation

Outcome Element:
Team Communication

Active Listening: Con-
veying understanding
and using listening
skills to move a conver-
sation forward

Describes active lis-
tening and its role in
team effectiveness.

Restates what has
been said to show
understanding.

Asks open-ended
questions in order to
encourage discussion.

Summarizes main
points of discussions
before moving on to
other topics.

Asks questions to
clarify misunder-
standings.

Conveys under-
standing of others
perspectives.

Identifies relation-
ships between ac-

tively listening and
team performance.

Uses active listening
skills to enhance
knowledge and de-
velop better under-
standing (e.g. to
clarify design re-
quirements)

Accurately assesses
own/others ability to
listen actively

Sensitive to other
team members feel-
ings and personal
interests.

Listens attentively to
others without inter-
rupting.

Conveys interest in
what others are say-
ing

Outcome Element:
Team Communication

Feedback: Giving and
receiving constructive
criticism

Understands princi-
ples of constructive
feedback.

Gives specific and
constructive feedback
to other team mem-
bers.

Appropriately bal-
ances negative com-
ments with positive
ones.

Solicits feedback
from others.

Avoids judgmental
language or cheap
shots when giving
feedback.

Identifies relation-
ships between active
listening and team
performance.

Incorporates feed-
back from others into
revisions/ improve-
ments.

Accurately assesses
own/others ability to
give receive/ feed-
back.

Receptive to feed-
back and criticism
from others.

Sensitive to others
reactions to feedback/
criticism

Outcome Element:
Team Communication

Influencing others:
Persuading others
through well reasoned
use of facts and clear
conveyance of ideas

Understands princi-
ples of how to influ-
ence others.

Articulates ideas
clearly and concisely.

Uses specific exam-
ples to make points
and convey ideas.

Persuades others to
adopt his/her point

Develops plans and
presentations that
influence others

Accurately assesses
own/others ability to
influence others

Comfortably ex-
presses alternative
points of view
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Outcome Element:
Team Communication

Sharing Information:
Providing and review-
ing information in a
timely manner

Describes important
ways of sharing in-
formation in a team
setting.

Shares information
with others on the
team.

Provides information
on time.

Differentiates be-
tween useful and un-
necessary informa-
tion.

Combines different
kinds/sources of in-
formation to create
solutions or new
ideas.

Open to new infor-
mation and ideas

Outcome Element:
Team Decision-making

Defining a Problem:
Identifying and articu-
lating the problem to be
solved.

Defines specific steps
in the decision-
making process.

Describes steps in
decision-making pro-
cess and how they
relate to one another.

Applies a systematic
decision-making pro-
cess to solving prob-
lems.

Collects data to pin-
point problems.

Analyzes problems
objectively

Tests assumptions
underlying ideas, po-
sitions or statements

Recognizes interre-
lationships among
problems and issues

Outcome Element:
Team Decision-making

Innovation and idea
generation: Generating
creative and viable so-
lutions

Defines innovation
and idea generation.

Describes how inno-
vation and idea gen-
eration are distinct
and how they are
similar.

Understands tools
and techniques for
generating ideas.

Uses brainstorming
and other idea gen-
eration techniques.

Participates in the

development of ideas.

Builds upon others
ideas.

Integrates informa-
tion and ideas from
varied sources to cre-
ate new solutions

Conveys openness to
new ideas.

Comfortably deals
with open-ended
problems.

Encourages “out of
the box” thinking.

Supports the ideas
and viewpoints of
others.

Outcome Element:
Team Decision-making

Judgment / Using
facts: Reaching conclu-
sions based upon clear
analysis of facts and
ideas

Recognizes tools and
techniques for mak-
ing judgements

Accurately describes
how to use tech-
niques for making
judgments (fishbone,
narrowing, histo-
grams).

Makes decisions
based upon facts
rather than “gut-feel”
or intuition.

Discourages team
members from rush-
ing to conclusions.

Presses team mem-
bers for facts to sup-
port decisions

Establishes objective
criteria against which
to evaluate alterna-
tives

Accurately analyzes
trends and patterns in
order to reach con-
clusions

Evaluates alterna-
tives in relation to
objective criteria.
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Outcome Element:

Team Decision-making

Reaching Consensus:
Ensuring buy-in and
commitment to deci-
sions reached

Defines consensus-
based decision-
making.

Distinguishes con-
sensus-based deci-
sion-making from
other forms of deci-
sion-making.

Seeks buy-in from all
team members before
finalizing decisions.

Polls team members
for their opinions.

Listens to opinions
and feelings of other
team members.

Does not pressure
others into accepting
decisions.

Accurately deter-
mines when to use
consensus decision-
making and when not
to.

Considers alterna-
tives from several
points of view.

Alters solution so
that all can support it.

Employs a devil’s
advocate to evaluate
pros and cons of al-
ternatives.

Sensitive to others’
body language and or
other non-verbal
signs of agree-
ment/disagreement

Outcome Element:

Self-Management

Establishing directions
and standards: Helping

create plans and struc-
ture for the team.

Describes how to use
planning tools (e.g.
goal setting, Gantt
charts).

Establishes task pri-
orities.

Clearly states ex-
pectations regarding
performance.

Keeps the team fo-
cused.

Records milestones
and accomplish-
ments.

Helps clarify con-
flicts regarding roles
and responsibilities.

Reconciles conflict-
ing priorities.

Formulates action
plans and timetables.

Creates strategies
and plans of action.

Evaluates team per-
formance (task) rela-
tive to objectives.

Celebrates team and
individual accom-
plishments.

Comfortably attends
to several issues at
the same time.

Outcome Element:
Self-Management

Managing meetings:
Using principles of
effective team meetings

Defines a working
agreement.

Describes the com-
ponents of an effec-
tive team meeting.

Discourages side-
conversations and or
getting off track dur-
ing discussions.

Helps manage time
during meetings.

Assists in note taking
/ recording meeting
minutes.

Helps monitor
meeting progress and
effectiveness.

Helps team develop a
working agreement.

Evaluates team per-
formance (process)
relative to its working
agreement.
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Outcome Element:
Self-Management

Personal conduct:
Demonstrating personal
responsibility to the
team and respect for
team members

Understands what
one must do to be
effective in a team
setting.

Follows through on
commitments.

Prompt for meetings
and appointments.

Does not criticize
others behind their
backs.

Flexible and adapts
to demands of situa-

tions and constraints.

Maintains an appro-
priate balance be-
tween listening and
speaking.

Differentiates be-
tween team member-
ship and team leader-
ship

Knows when to as-
sume a leadership
role and when to let
others assume that
role

Supports shared
leadership amongst
team members

Treats others with
courtesy and respect

Conveys enthusiasm
and support for oth-
ers, especially when
team is under stress

Does not “point fin-
gers” or blame others
when things go
wrong

Shares accountability
for team results
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Outcome Element:

Identifying prob-
lem and opportuni-
ties

Defines facts about
current processes
and procedures as-
sociated with the
situation of interest.

Recalls past experi-
ence as a foundation
for identifying new
ideas.

Identifies and de-
scribes issues asso-
ciated with the

situation of interest.

Asks questions to
gain knowledge in
areas that are un-
known.

Classifies and man-

ages known infor-
mation to formulate
the answer to un-
known and open-
ended questions.

Distinguishes what
is known and un-
known about a par-
ticular situation or
question.

Identifies areas
where improvements
can be made.

Recognizes that a
situation can be ad-
dressed from an en-
gineering perspec-
tive.

Proposes possible
alternatives.

Observes and size-
up a situation.

Assembles new idea
information from
multiple sources.

Combines observa-
tions, data obtained,
other facts, and en-
gineering judg-
ments.

Evaluates current
practices to deter-
mine their effective-
ness and/or value.

Assesses the effec-
tiveness of each new
idea.

Judges new con-
cepts/alternatives
impartially.

Challenges the
normal way things
are being done.

Shows a willingness
to use the perspec-
tive and ideas of
others.

Supports the gen-
eration of new ideas
to solve an engi-
neering problem.

Recognizes the im-
portance of receiv-
ing new approaches
to solve engineering
problems.

Respects and ac-
cepts the impact
questions from users
with a limited
knowledge base.

Seeks new opportu-
nities, ideas, for
continuous im-
provement.
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Outcome Element:

Constructing a
problem statement
and system defini-
tion

Describes the engi-
neering problem to
be solved.

Knows the elements
of'a system and the
process of abstract-
ing a problem to an
operational defini-
tion.

Identifies the rele-
vant engineering
mathematics and
science principles.

Visualizes the
problem through
sketch or diagram.

Specifies the prob-
lem scope.

Lists the facts that
the user can be cer-
tain of.

Outlines problem
variables, con-
straints, resources
and information
given to construct a
problem statement.

Simplifies the
problem and de-
velop a toy model.

Determines the
boundaries, restric-
tions and measures
of effectiveness to
be used.

States the problem
in words.

Identifies appropri-
ate measures of ef-
fectiveness.

Selects information
useful in construct-
ing a problem state-
ment.

Isolates key aspects
of the problem.

Analyzes potential
problem variables,
constraints, etc. for
inclusion in model
abstractions.

Combines and re-
lates variables, con-
straints, resource
levels etc. into a
problem statement.

Appraises the
problem statement
for objectivity, com-
pleteness, relevance,
and validity.

Outcome Element:

Formulating prob-
lem and abstraction

(Problem solving
approaches)

Describes engi-
neering problem
solving approaches.

Understands the
iterative nature of
engineering problem
solving.

Recognizes that
there are multiple
approaches to any
problem.

Indicates how the-
ory can be applied
in practice.

Uses knowledge
base to develop pos-
sible approaches.

Distinguishes
among realistic and
unrealistic ap-
proaches.

Uses knowledge and
information (social
sciences, engineer-
ing science, mathe-
matical and physical
sciences) to produce

Examines ap-
proaches to solving
an engineering
problem in order to
choose the more
effective approach.

Balances level of
effort required
against level of ac-
curacy required.

Sets-up a relation
between an engi-
neering problem and
the new approaches
developed to solve
it.

Generates potential
alternatives or ideas
to formulate and
solve engineering
problems.

Assesses the effec-
tiveness of each ap-
proach and can ap-
ply multiple criteria.

Accepts the per-
spectives of others
when developing
problem solving ap-
proaches.

Uses personal value
system to augment
traditional measures
of effectiveness.
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many ideas for pos-
sible problem for-
mulation and solu-
tion generation.

Outcome Element:

Formulating prob-
lem and abstraction

(variables, assump-
tions, constraints,
measures of effec-
tiveness and criteria)

Identifies applicable
engineering princi-
ples necessary for
developing the
problem.

Identifies new crite-
ria for the proposed
problem.

Classifies criteria
used to evaluate
proposed solutions.

Describes the as-
sumptions underly-
ing relevant basic
mathematical, basic
science, engineering
methods.

Uses basic mathe-
matical, science, and
engineering knowl-
edge to formulate
and support as-
sumptions and
problem element
specification.

Defines and lists
key components that
a proposed problem
and later solution
should consider.

Examines problem
elements for com-
pleteness, consis-
tency, dimensional-
ity, etc.

Separates facts
from assumptions.

Uses engineering
data and theory to
further justify as-
sumptions.

Assesses problem
abstraction for com-
pleteness and re-
dundancy.

Assesses and evalu-
ates assumptions
relative to the
needed accuracy of
the situation.

Outcome Element:

Collecting data,
resources, and in-
formation

Cites appropriate
resources to obtain
information for the
problem/situation.

Defines and de-
scribes type of re-
sources needed.

Draws upon past
knowledge / experi-
ence as relevant to
the problem at hand.

Indicates where ad-
ditional information
is needed.

Understands the
various methods for
information gather-
ing.

Uses the resources
to obtain informa-
tion.

Designs and con-
ducts data collection
effort.

Selects appropriate
resources needed to
gather information.

Collects needed in-
formation and data.

Combines observa-
tions/data, facts and
engineering judg-
ment.

Appraises resources
and information
needed.

Questions the qual-
ity and relevance of
information.

Outcome Element:

Modeling the
problem: transla-
tion

Describes aspects
and types of models.

Relates different
mathematical func-
tions to each other.

Explains the rele-
vance of the hy-
pothesis and theory
to the mathematical
model.

Discusses the prob-
lem’s social and
economic ramifica-
tions.

Discusses the appli-
cable mathematics
and physical sci-
ences principles to

Translates the re-
sults of the physical
model to mathe-
matical or computer
model.

Formulates a model
with appropriate
scope and level of
detail.

Formulates appro-
priate hypotheses to
create mathematical,
physical, computer,

Determines the
needed level of ac-
curacy for various
components of the
model.

Investigates func-
tional relationships
for consistency and
validity.

Determines if the
data supports the
hypothesized rela-
tionships.

Generates a series
of relevant functions
of an engineering
model and relates
them to one another.

Combines social,
economic, and
physical compo-
nents of a problem
into an appropriate
model.

Explains the com-
plete physical model

Interprets the
meaning of the rela-
tionships between
functions.

Validates an engi-
neering model with
mathematical prin-
ciples.

Validates an engi-
neering model em-
pirically.

Evaluates the level
of detail for appro-

Values the role of
mathematics, engi-
neering theory, and
physical science as
tools in modeling.

Defends and cri-
tiques the model.

Accepts and de-
fends the level of
detail of the model
that is consistent
with the available
resources (time,
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the problem at hand.

Describes the rela-
tions among the

etc. model.

Introduces applica-
ble social, eco-

Breaks down com-
ponents of a mathe-
matical model, and
analyze each section

WRT basic princi-
ples of math and
science.

priateness for the
problem at hand.

cost, personnel and
information or data)
for problem solu-
tion.

physical model and | nomic, political independently
the underlying prin- | factors into the '
ciples. model.
Outcome Element: | Recognizes the ne- Describes various Validates the model | Appraises the re- Combines different | Reviews validation | Respects the opin-

Validating

cessity of validating
any resultant ab-
straction of the sys-
tem (model).

Describes the dif-
ferences between
face, construct, and
content validity.

methods of valida-
tion.

Determines the ap-
propriate method(s)
of validation needed
for the problem at
hand.

and/or process.

Uses theoretical rep-
resentations and
empirically obtained
information to esti-
mate outcomes or
aspects of the
model.

Where appropriate,
uses data to deter-
mine validity of
model or process
(pilot test).

Includes decision
maker(s) in valida-
tion process.

sults to determine if
they are sufficient.

validation informa-
tion methods and
modes.

process to determine
if it is appropriate
for the problem at
hand.

ions of others as
part of the valida-
tion process (face
validity).

Outcome Element:

Designing experi-
ments (see Out-
come B)

Has knowledge of
experimental design
methodology (labo-
ratory and statisti-
cal).

Determines the ap-
propriate methods
for the particular
problem.

Understands that
experimentation
helps to extend
his/her engineering
knowledge base.

Recognizes the ne-
cessity of carefully
designing experi-
ments to obtain in-
formation and/or
outcomes.

Designs and con-
ducts the experi-
ment for obtaining
the information or
outcomes (see Out-
come B).

Analyzes the results
of the experiment to
obtain meaningful
information (see
Outcome B).

Combines informa-
tion obtained from
experiments of other
sources to extend
knowledge base (see
Outcome B).

Assesses results to
determine if conclu-
sions are appropri-
ate.

Defends problem
solving process
with facts.
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Outcome Element:

Solving or experi-
menting

(See outcome A.)

Understands that a
descriptive model
requires experimen-
tation for solution
and a prescriptive
model requires an
optimization, algo-
rithmic or heuristic
approach for solu-
tion.

Describes possible
solution (optimiza-
tion) or experimen-
tation techniques.

Manipulates rela-
tionships to facili-
tate solution.

Determines bounds.

Uses theoretical
concepts to develop
solutions.

Uses computational
or simulation meth-
ods for obtaining
solutions or con-
ducting experiments.

Uses existing algo-
rithms and/or ex-
perimentation meth-
ods.

(See outcome A and
K)

Selects appropriate
solution or experi-
mentation method-

ology.

Assembles and syn-
thesizes sub-
problems in order to
obtain an overall
solution.

Relates theoretical
concepts to practical
necessities.

Develops algorithms
or heuristics to ob-
tain solutions.

Accepts the limita-
tions of resultant
solutions.

Outcome Element:
Interpreting results

(Evaluates potential
solutions and selects
solution.)

Lists possible solu-
tions and solution
criteria.

Describes the vari-
ous solutions.

Generates possible
solutions for a given
engineering prob-
lem.

Applies sensitivity
analysis.

Checks solutions for
accuracy relative to
dimensionality.

Uses knowledge,
information and

judgment to rank
and/or select the

"best" solution.

Determines robust-
ness of solutions.

Identifies inconsis-
tencies or errors in
the proposed solu-
tions.

Uses theoretical
concepts to interpret
results.

Compares and con-
trast solutions based
on a set of criteria.

Draws conclusions
and inferences from
solutions.

Supports conclu-
sions with facts, en-
gineering judgment,
and information.

Assembles a collec-
tion of solutions that
adhere to the given
solution criteria.

Evaluates feasibility
of alternative solu-
tions.

Interprets solution
and predict possible
consequences.

Assesses solutions
relative to measures
of effectiveness, fea-
sibility, and how
realistic is the solu-
tion to the original
problem.

Supports and de-
fends solution out-
comes.

Challenges the rea-
son behind the con-
clusion.

Accepts and sup-
ports chosen solu-
tions.

Motivates others to
justify decision-
making with infor-
mation and data.
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Outcome Element:

Implementing and
documenting

Describes the im-
plementation proc-
ess and necessity of
documentation.

Describes different
management tech-
niques to facilitate
implementation.

Outlines the respon-
sibilities of man-
agement relative to
problem solving in
general and imple-
mentation specifi-
cally.

Describes several
modes of documen-
tation and relates the
appropriate mode
for the problem at
hand.

Applies manage-
ment knowledge and
teamwork skills (see
Outcome D) to fa-
cilitate implementa-
tion and documen-
tation.

Communicates the
recommended solu-
tion in writing (see
Outcome G).

Uses appropriate
documentation for
different audiences
(see Outcome G).

Appraises the ef-
fectiveness of vari-
ous management
techniques to the
problem at hand.

Reviews and cri-
tiques documenta-
tion prepared by
others to the prob-
lem.

Locates problem
solution within the
appropriate phase of
the product/system
life cycle to facili-
tate implementation.

Considers relevant
political and social
factors when rec-
ommending one or
more alternative
solutions (see Out-
come H).

Uses a combination
of management and
teamwork ap-
proaches when im-
plementing problem
solution (see Out-
come D).

Appraises alterna-
tives from a mana-
gerial perspective.

Evaluates the rec-
ommendations in
light of the political
and social factors
(see Outcome H).

Outcome Element:

Using feedback and
improving

Identifies appropri-
ate information and
sources for feed-
back.

Describes the proc-
ess improvement
cycle (Plan-Do-
Check-Act).

Describes the itera-
tive nature among
the steps in the
problem solving
process.

Recognizes the im-
portance for ob-
taining feedback as
part of the continu-
ous improvement
process.

Recognizes that
there are positive
and negative aspects
of each of the alter-
natives.

Documents feed-
back and improve-
ments.

Creates a mecha-
nism for obtaining
and evaluating feed-
back.

Provides feedback
in a constructive
manner (see Out-
come D).

Uses knowledge and
information to im-
prove upon current
processes and pro-
cedures.

Identifies possible
alternatives for im-
provements.

Analyzes feedback
to select appropriate
areas for improve-
ment.

Compares and con-
trasts previous
practices versus
proposed improve-
ments or solutions.

Combines various
forms of feedback to
obtain additional
information and
feedback.

Reconstructs cur-
rent practices inte-
grating improve-

ments where needed.

Appraises cach al-
ternative, including
the option not to
make a change, with
respect to the deci-
sion criteria.

Is aware that other
problems may arise
as a result of the
problem solving
process.

Respects both posi-
tive and negative
feedback.

Values the perspec-
tives of all
stakeholders.
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Outcome F: An understanding of professional and ethical responsibility (Updated 01/30/00)
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Outcome Element:

Demonstrating an
ability to make in-
formed ethical
choices

Identifies a situation
that is or could be-
come an ethical di-
lemma.

Distinguishes con-
crete facts from in-
tangible assump-
tions for a given
ethical dilemma.

When making an
informed ethical
decision:

Uses knowledge to
identify specific in-
formation to con-
sider; uses knowl-
edge to identify the
impacts (short-term
and long-term); uses
the perspectives of
other people; uses
knowledge to gain
information; inter-
prets the actions of
others from an ethi-
cal perspective.

Separates facts
from assumptions in
order to distinguish
when additional in-
formation is needed.

Combines newly
acquired facts with
the information sur-
rounding the ethical
decision being
made.

Defends the newly
acquired informa-
tion in terms of its
validity to support
ethical decision
making.

Defends or chal-
lenges the cthical
decision being made
with the support of
factual components.

Outcome Element:

Is aware of the
codes of conduct

Discusses the pro-
fessional code of

Applies relevant
aspects of profes-

Identifies and ana-
lyzes components of

Formulates compo-
nents of an ethical

Evaluates and
judges a situation

Uses personal value
system to challenge

Demonstrating that guide the pro- ethics applicable to sional codes of eth- a decision inde- decision together in | and possible future others to utilize a
knowledge of . . . . . . . . .
fessional cod fessional practice of | his/her chosen field, | ics when consider- pendently of each order to act consis- actions in terms of professional code of
prolessionat codes engineering. and the NSPE code; | ing possible alterna- | other in terms of tent with his/her his/her professional | ethics during deci-
of ethics . .. . Ly . . . .
has a general knowl- | tives decisions or ethical guidelines. professional code of | code of ethics. sion-making.
edge of the potential | solutions. ethics. R s others’
impact of these eispec sto ors
codes. value systems.
Outcome Element: Identifies and de- Describes ethical Applies ethical de- Analyzes cost, Combines cost, Evaluates the value | Questions decision

Evaluating the ethi-
cal dimensions of
professional engi-
neering and scien-
tific practice

fines ethical issues
concerning a deci-
sion that can impact
the individual, the
client, the company
and/or the public.

issues and how they
affect the individual,
the client, the com-

pany and the public.

cision making
“tools” when prac-
ticing engineering or
science in a profes-
sional environment.

schedule and risk
components in ethi-
cal terms when
evaluating profes-
sional engineering
and scientific prac-
tice.

Performs risk as-
sessments and inter-
pret the results.

schedule and risk
components together
to make an informed
ethical decision.

and credibility of
information and the
various sources used
in order to make
sound judgments.

by incorporating the
ethical impacts the
decision can have on
the individual, the
client, the company
and/or the public.
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Outcome Element:

Demonstrating ethi-
cal practice

Uses information to
identify knowledge
gaps.

Recognizes the cost,
schedule and risk
components of a
given situation in
terms of their ethical
implications.

Explains the conse-
quences of the vari-
ous ethical compo-
nents used in prac-
tice (cost, schedule
and risk) along with
that of their profes-
sional code of eth-
ics.

Uses knowledge,
information, and the
perspectives of oth-
ers to evaluate the
impacts (short-term
and long-term) when
making an ethical
decision.

Practices team con-
cepts.

Identifies where
additional knowl-
edge is needed in
order to act compe-
tently.

Communicates
information in a re-
sponsible manner.

Is aware of the risks
to public safety con-
cerns.

Combines ethical
components (com-
petence, responsi-
bility, and public
safety) of a decision
to make an informed
ethical choice.

Evaluates and
judges a situation in
practice, using facts
and a professional
code of ethics.

Uses personal value
system to support
actions.

Accepts and/or
challenges stan-
dards.
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Outcome G: An ability to communicate effectively (Updated 01/30/00)
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Evaluation
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Outcome Element:

Communicating in-
formation, concepts,
and ideas effectively
in writing

Identifies and re-
peats standard for-
mats; recalls and
reproduces stan-
dard grammar and
mechanics; recog-
nizes elements of
the writing process.

Summarizes and
paraphrases accu-
rately; keeps good
written records;
classifies various
audiences and pur-
poses.

Employs the writing
process; produces a
variety of docu-
ments using appro-
priate formats,
grammar, and me-
chanics; uses disci-
pline-specific con-
ventions including
citations.

Analyzes and criti-
cizes arguments ef-
fectively; selects
appropriate style
and content for
various audiences
and purposes.

Constructs a logical
argument using evi-
dence for support.

Writes and revises
documents appro-
priate for various
audiences and pur-
poses.

Argues effectively
and draws conclu-
sions using evi-
dence.

Evaluates own and
others’ logic and
organization.

Selects appropriate
format, content, or-
ganization, and tone
for various audi-
ences and purposes.

Has confidence
using writing as a
communication tool.

Appreciates the
role writing plays in
one’s academic and
professional careers;
respects writing as a
learning and think-
ing tool.

Outcome Element:

Orally communi-
cating information,
concepts, and ideas
effectively

Recalls and repeats
information in oral
presentations, often
from memory.

Paraphrases or
summarizes infor-
mation in oral pres-
entations.

Restates and/or
gives examples
when questioned.

Uses appropriate
visual aids and pres-
entation techniques
to engage audience
(e.g. maintains eye
contact, modulates
voice, does not use
distracting ges-
tures); uses process
strategies to prepare
presentations.

Identifies and se-
lects appropriate
material to include
in oral presentation
depending on analy-
sis of audience and
purpose.

Analyzes and ap-
praises when ques-
tioned.

Plans, prepares and
delivers a well-
organized, logical
oral presentation;
reconstructs, ex-
plains when ques-
tioned.

Listens carefully
and responds to
questions appropri-
ately.

Explains and inter-
prets results for
various audiences
and purposes.

Has confidence in
and respects oral
presentations as a
communication,
thinking, and
learning tool; ap-
preciates the role
oral communication
plays in one’s aca-
demic and profes-
sional careers.

Outcome Element:

Graphically com-
municating infor-
mation, concepts,
and ideas

Recognizes and du-
plicates graphical
conventions.

Selects and restates
graphical conven-
tions.

Uses professional
graphics in written
and oral presenta-
tions.

Uses appropriate
graphical conven-
tions (e.g. formats,
captions, titles, axes,
legends, etc.).

Uses visualization
and sketching skills
as needed.

Analyzes data using
graphical tech-
niques.

Ilustrates concepts
using graphics.

Identifies appropri-
ate uses of graphics
in written and oral
presentations.

Creates effective
professional graph-
ics for a variety of
audiences and pur-
poses

Explains complex
concepts through
graphics

Argues effectively
using graphics.

Uses graphics to
explain, interpret,
and assess informa-
tion.

Evaluates graphical
arguments based on
logic, evidence, and
presentation.

Has confidence in
and respects
graphics as a com-
munication, think-
ing, and learning
tool.

Appreciates the
role graphics plays
in one’s academic
and professional
careers.
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Definitions

Knowledge

Comprehension

Application

Analysis

Synthesis

Evaluation

Valuation

Outcome Element:

Acquiring and using
information from a
variety of sources,
including electronic
retrieval systems

Identifies various
information sources.

Summarizes and
reports information
accurately.

Identifies arguments
or opinions.

Gathers information
from a variety of
sources.

Uses information to
produce technical
documents and pres-
entations and solve
problems.

Analyzes informa-
tion.

Tests the credibility
of information
sources.

Selects state-of-the-
art information in
his/her discipline.

Concisely and pre-
cisely summarizes
and synthesizes in-
formation.

Effectively assem-
bles information and
evidence to support
arguments

Reads critically and
evaluates the credi-
bility of information
sources including
the effectiveness of
claims and support-
ing evidence.

Discriminates be-
tween various audi-
ences and purposes
and designs com-
munications appro-
priate for them.

Values the ability to
retrieve and use in-
formation.

Has confidence in
his/her ability to
retrieve, use, and
evaluate informa-
tion.
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Outcome H: The broad education necessary to understand the impact of engineering solutions in a global and societal context

(Updated 04/11/00)

Definitions

Knowledge

Comprehension

Application

Analysis

Synthesis

Evaluation

Valuation

Outcome Element:

Identifying Im-
pacts: This set of
attributes deals with
the general skill of
identifying impacts
of engineering solu-
tions, apart from the
societal or global
knowledge that is
used in the process

States the steps in a
method for identi-
fying impacts of an
engineering solu-
tion.

Lists several types
of impacts an engi-
neering solution
might have.

Discusses impacts of
historical or “classi-
cal” engineering
solutions.

Describes certain
principles governing
the types of impacts
that engineering
solutions may cause.

Discusses study
abroad experience

Predicts potential
impacts of a pro-
posed engineering
solution.

Interprets potential
short and long term
impacts of engi-
neering solutions.

Analyzes a specific
engineering “fail-

”

ure.

Models the role that
unanticipated factors
played in the failure.

Combines knowl-
edge of potential
impacts into the de-
sign and problem
solving processes.

Evaluates (trade-
off) conflicting /
competing values in
order to make in-
formed decisions
about potential im-
pact of an engi-
neering solution.
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Definitions Knowledge Comprehension Application Analysis Synthesis Evaluation Valuation
Outc El t: | Describes the k . . ..
utcome Elemen n © <cy Discusses the perti- | Uses acquired Differentiates the Synthesizes the per- | Can critically evalu- | Accepts perspec-
features character-

Understanding the
impact of engineer-
ing solutions in a
societal context:

This dimension cov-
ers students’ knowl-
edge of societal is-
sues — issues associ-
ated with the groups
of people and their
beliefs, practices,
and needs. Con-
cepts associated
with culture and
aesthetics fit into
this dimension

Example areas of
impact include, but
are not limited to,
environmental, po-
litical, and eco-
nomic.

izing an individual’s
perspective.

Defines key terms
associated with un-
derstanding a socie-
tal context including
society, culture, and
global society.

Lists the steps in a
method for identi-
fying the societal
impacts of an engi-
neering solution.

States some differ-
ences in needs that
result from diversity
in society

States some ways in
which modern soci-
ety is diverse.

Identifies several
facets by which an
engineered solution
impacts modern so-
ciety (e.g. aesthet-
ics)

nent features of

his/her own per-
spective (beliefs,
practices, etc.).

Distinguishes and
explains perspec-
tives different from
his/her own.

Compares various
practices to identify
similarities and dif-
ferences.

Describes the role
that science, tech-
nology and engi-
neering have played
in the development
of modern society.

Describes how ideas
and customs from
other cultures have
contributed to
his/her discipline
and/or modern soci-
ety.

Describes mile-
stones in the evolu-
tion of the current
“global society.”

knowledge to inter-
pret impacts of an
engineering solution
(i.e., can anticipate
impacts).

Applies knowledge of
the ways in which
ideas and customs
from other cultures
contribute to modern
life.

Relates this to the
identification of the
impact of engineering
solutions.

Employs the per-
spective of others
(group, culture) to
identify the impact
of engineering solu-
tions.

key attributes of a
perspective different
from his/’her own.

Identifies and ana-
lyzes the mecha-
nisms by which al-
ternative practices
achieve the same
goals.

Examines an engi-
neering failure and
analyzes the role
that unanticipated
societal impacts
played in that fail-
ure.

spectives of multiple
constituents in order
to achieve an ac-
ceptable engineering
solution.

Explains engineer-
ing conflicts in
terms of differences
in perspectives.

Collects knowledge
of that society in
which his/her engi-
neering activity is
situated.

ate the strengths and
weaknesses of
his/her own per-
spective and the per-
spectives of others.

Can assess con-
flicting / competing
perspectives in order
to make informed
decisions about en-
gineering solutions.

tives different from
his/her own.
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Definitions

Knowledge

Comprehension

Application

Analysis

Synthesis

Evaluation

Valuation

Outcome Element:

Understanding the
impact of engineer-
ing solutions in a
global context

Global - referring to
issues that cross
national bounda-
ries, cultures and/or
societies.

Example areas of
impact include, but
are not limited to,
environmental, po-
litical, and eco-
nomic.

Global context rep-
resents the under-
standing that stu-
dents need to have
in order to reason
about engineering
solutions crossing
these boundaries.
The key issues here
are the interrela-
tionships among
systems and socie-
ties and the specific
reasoning that must
be included in order
to make informed,
engineering deci-
sions.

States examples of
how nations and
peoples around the
globe are related.

Lists the steps in a
method for identi-
fying impacts of an
engineering solution
that crosses cultures
or societies.

Recognizes the en-
gineering aspects of
a global problem.

States examples
where solving one
problem led to the
development of
other problems (e.g.,
antibiotics, why
things bite back).

Lists criteria to be
considered when an
engineering solution
has global aspects
(e.g., language, cul-
tural, safety stan-
dards, political,
etc.).

Discusses how soci-
ety has become
more global.

Describes a particular
situation in which
modern technologies
have had a global im-
pact (e.g. global
warming, chemicals in
environment, tele-
communications).

Classifies the types
of “global” impacts
an engineering so-
lution could have.

Recognizes exam-
ples where solving
one engineering
problem led to the
creation of other
related problems
(e.g., development
of nuclear energy to
reduce dependence
on fossil fuel re-
sulted in increased
nuclear waste; de-
velopment of antibi-
otics to treat bacte-
rial infections re-
sulted in the evolu-
tion of resistant
strains of bacteria).

Predicts potential
global impacts, both
short and long term,
of a proposed engi-
neering solution.

Applies knowledge
about the interrela-
tionships among
peoples, their cul-
tures and their envi-
ronments to predict
potential impacts of
engineering solu-
tions.

Discovers antici-
pated and unantici-
pated “global” im-
pacts in attempted
and proposed engi-
neering solutions.

Differentiates the
actual impacts of an
engineering solu-
tion.

Infers the relevant
groups of people
and environmental
systems that need to
be considered when
evaluating an engi-
neering solution.

Combines the po-
tential “global” im-
pacts of engineering
solutions to arrive at
an overall effect.

Formulates the en-
gineering design
process to include
the learned knowl-
edge of potential
impacts.

Evaluates potential
“global” impacts in
terms of costs and
benefits.

Respects the his-
torical aspects of
engineering ap-
proaches to “world”
problems and their
impacts.

Actively seeks
knowledge of the
world events which
his/her engineering
activity likely will
be impacted by or
will impact.
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Outcome I: A recognition of the need for, and an ability to engage in life-long learning (Updated 01/30/00)

Definitions:

Knowledge

Comprehension

Application

Analysis

Synthesis

Evaluation

Valuation

Outcome element:

Demonstrating
reading, writing,
listening and
speaking skills

Lists the skills nec-
essary for reading,
writing, listening,
and speaking.

Gives examples of
where the skills for
effective reading,
writing, listening,
and speaking lead to
success in life.

Applies the skills
necessary for read-
ing, writing, listen-
ing, and speaking to
each situation (i.e.
school, job, every-
day life).

Analyzes how the
skills facilitate the
communication pro-
cess.

Develops and or-
ganizes the skills
necessary for read-
ing, writing, listen-
ing, and speaking in
order to take in in-
formation and ex-
press it to others in a
comprehensive
manner.

Evaluates the effec-
tiveness of the skills
necessary for read-
ing, writing, listen-
ing, and speaking as
it relates to the
communication pro-
cess.

Outcome Element:

Demonstrating an
awareness of what
needs to be learned

Identifies the tools
needed in order to
conduct research and
develop independent
learning skills.

Explains how
awareness of what
has been learned
will enhance re-
search and inde-
pendent learning
skills.

Applies what has
been learned to an
actual project.

Examines what has
been learned and
point out how
learning relates to
project outcome.

Integrates learning
outcomes.

Assesses the impact
awareness has on
the amount and
quality of learning.

Outcome Element:

Following a learning
plan

Defines the ele-
ments that go into
developing a learn-
ing plan.

Selects elements of
the learning plan
and describe them.

Applies the learning
plan to an actual
research project or
independent learn-
ing opportunity.

Analyzes the learn-
ing plan for effec-
tiveness.

Develops a learning
plan.

Evaluates alterna-
tive learning plans
for future projects.

Outcome Element:

Identifying, retriev-

Recalls previously
learned information.

Discusses the
meaning of the in-

Uses the information
learned in actual

Identifies how the
information is inter-

Organizes the in-
formation categori-

Judges the informa-
tion based on vari-

. .. formation. situations. related. cally. ous criteria.

ing, and organizing

information

Outcome Element: | Memorizes new Converts the new Applies the new Compares and con- | Integrates new in- Summarizes and

Understanding and
remembering new
information

information.

information into
own personal mode
of understanding.

information to an
actual situation.

trasts new informa-
tion with previously
learned information.

formation with pre-
viously existing in-
formation.

evaluates integrated
information.

Outcome Element:

Demonstrating criti-
cal thinking skills

Memorizes facts,
formulas, theories,
etc.

Explains facts, for-
mulas, theories, etc.
in own words.

Applies the facts,
formulas, theories,
etc. to everyday
situations.

Questions the
meaning behind the
facts, formulas,
theories, etc.

Synthesizes all of
the facts, formulas,
theories, etc. into a
comprehensive way
of understanding.

Assesses extent of
understanding of
skills and ability to
use them.

Copyright [ The University of Pittsburgh, 2000.




Outcome Element:

Demonstrating abil-
ity to reflect on own
understanding

Recalls own under-
standing of infor-
mation learned.

Identifies the ways
in which informa-
tion is learned.

Illustrates how in-
formation is applied
in various situations.

Analyzes how well
material is being
learned and under-
stood.

Modifies mental
strategies for better
understanding.

Evaluates thinking
skills.

Copyright [ The University of Pittsburgh, 2000.




Outcome J:

Knowledge of contemporary issues (Updated 01/30/00)

Definitions

Knowledge

Comprehension

Application

Analysis

Synthesis

Evaluation

Valuation

Outcome Element:

Knowledge of con-
temporary issues

Example: Ability to
address the major
socio-economic is-
sues facing US and
world

Lists and describes
major socio-
economic issues;
e.g., global warm-
ing; over popula-
tion; depletion of
natural resources;
energy and water
supplies; nuclear
waste and prolifera-
tion; environmental
pollution; disease;
trade; human rights,
etc.

Discusses, in-depth,
several important
issues

Summarizes cogent
aspects; recognizes
consequences; takes
and defends a posi-
tion.

Interprets a specific
scenario relative to
one or more of these
key issues.

Discovers or illus-
trates by example
possible implica-
tions.

Analyzes an issue
from a “systems”
perspective.

Models (abstract) or
breaks down the
situation.

Experiments with
model to draw in-
ferences; assists in
decision making.

Designs a system or
strategy that ad-
dresses a particular
issue in a given sce-
nario or location.

Proposes out-of-the-

box alternatives.

Formulates alterna-
tive solutions that
consider important
Socio-economic is-
sues.

Evaluates alterna-
tive solutions or
scenarios using a
series of different
socio-economic
measures — €.g.,
economic, quality of
life; number of indi-
viduals affected;
global ramifications;
etc.

Accepts limitations
of solutions.

Challenges differ-
ences among alter-
natives.

Respects qualitative
dimension of the
problems; can view
from different per-
spectives.

Outcome Element:

Knowledge of con-
temporary issues

Example: Ability to
address political
issues at nation,
state and local lev-
els

Lists and describes
major political is-
sues at national,
state and local lev-
els.

Lists major candi-
dates — senators,
representatives,
governors, mayors.

Describes their po-
sitions on important
issues.

Discusses, in-depth,
major political is-
sues at national,
state and local lev-
els.

Summarizes es-
sence of several is-
sues.

Takes and defends a
position on them.

Examines the rami-
fications of one or
more major political
issues on a specific
population or co-
hort.

Analyzes a political
issue from a “sys-
tems” perspective.

Models (abstract) or
breaks down the
situation.

Experiments with
model to draw in-

ferences; assists in
decision making.

Designs a system or
strategy that ad-
dresses a particular
political issue rela-
tive to a given sce-
nario or location.

Evaluates alterna-
tive political solu-
tions or scenarios
using a series of
different measures —
e.g., economic,
quality of life; num-
ber of individuals
affected; political
ramifications; etc.

Accepts limitations
of political solu-
tions.

Challenges differ-
ences among alter-
natives.

Respects the quali-
tative dimensions of
the problems; can
view from different
perspectives.
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Definitions

Knowledge

Comprehension

Application

Analysis

Synthesis

Evaluation

Valuation

Example:

Environmental
Context: This di-
mension refers to
knowledge of the
context of engi-
neering solutions
specifically related
to geological and
ecological issues
(i.e., water, forest,
and air).

Defines key terms
associated with un-
derstanding envi-
ronmental centers
including ecosys-
tem, etc.

Describes how eco-
systems are related
around the globe.

Lists several of the
harmful effects of
technology on the
environment.

Names sources of
environmental im-
pact knowledge.

Describes cases of
technological inter-
vention where envi-
ronment considera-
tions were para-
mount.

Describes methods
to explore ecological
and environmental
impacts.

Identifies environ-
mental impacts of
engineering solu-
tions when asked.

Uses knowledge of
ecosystem in general
to infer how eco-
systems are related.

Identifies engi-
neering problems
with potential envi-
ronmental impact
issues.

Uses info about eco-
systems to identify
impacts of engi-
neering solutions,
among other impacts
(when the problem
is simply to identify
impacts).

Selects the ecosys-
tem-related impacts
from among a set of
identified impacts
in an engineering
solution.

Uses ecosystem im-
pacts along with
other impacts to
create a complete
set of impacts of an
engineering solu-
tion.

Judges the accept-
ability of the im-
pacts of an engi-
neering solution.

Actively and volun-
tarily seeks out in-
formation about en-
vironmental factors
in determining im-
pacts of an engi-
neering solution.
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Outcome K: An Ability To Use The Techniques, Skills, And Modern Engineering Tools Necessary For Engineering Practice

(Updated 04/11/00)
Definitions Knowledge Comprehension Application Analysis Synthesis Evaluation Valuation
Outcome Element: | Lists available tech- | Classifies the role of | Uses engineering Compares results Combines the use of | Evaluates which Accepts the utility

Using modern engi-
neering techniques,
skills, and tools such
as computer soft-
ware, simulation
packages, diagnostic
equipment, and
technical library re-
sources.

niques, skills, and
tools available to a
specific engineering
discipline.

each technique,
skill, and tool in
identifying and
solving engineering
problems, studying
the performance of
existing processes or
systems, and/or de-
veloping designs.

techniques, skills,
and tools including
computers to iden-
tify and solve engi-
neering problems.

Uses engineering
techniques, skills,
and tools including
computers to moni-
tor performance of
engineering systems
and/or create engi-
neering designs.

Uses engineering
techniques, skills,
and tools to acquire
information needed

for decision-making.

from computer soft-
ware or simulators
with system per-
formance or results
from alternative cal-
culation methods
including heuristics.

Selects appropriate
techniques and tools
for a specific engi-
neering task.

two or more tools
and techniques to
solve an engineering
problem or develop
an engineering de-
sign.

Combines use of
engineering tools
plus system operat-
ing information to
find optimal oper-
ating conditions.

Combines results
from heuristic cal-
culations, graphical
analysis, and com-
puter simulation to
support decision-
making.

techniques or tools
are most appropriate
to complete a spe-
cific engineering
task.

Compares results
from several engi-
neering tools to de-
termine which best
explains “reality.”

and limitations of
engineering tools to
identify and solve
problems or create
engineering designs.
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