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Activity

Teachina Goals Inventar\ (osan craee (oo

Think of one of your courses currently you are
teaching:

Think of the program or department where you belong to:

Rate each of the following six major goals using 5: Essential, 4: Very
Important,

3: Important, 2: Some what important, 1: Little Important, 0: Not
Applicable

Rate fora course  Rate for a program

Teaching/Learning Goals

(@) Higher-Order Thinking Skills
(b) Basic Academic Success Skills

c) Discipline-Specific Knowteggeri Skilts 5
p! P!
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FIND SOME COMMON GROUNDS

We wish students to learn high order thinking
& problem solving skills, core academic
knowledge, life long learners.

Students wish to prepare for career, care more
about personal development, mostly only
willing to work on grade-related activities that
we design for them.

WHATSHOUE B"WE DO? ¢




Do students’ learning goals conflict
against teacher’s teaching goals?

Not really!

Most college students may not have enough
experience to realize what else will be
needed for their career/future other than the
core knowledge.

If critical thinking, problem solving, academic
core knowledge, life-long learning really
matter, then let’s make sure students are

'} . b S (] (!
PTOPETY TTMUITTITEU, IadUyri, ald a55T55€U.
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This is what student learning assessment all '

Nine Key Traits for Good Teaching and
Learning on which Students and
Instructors Agree

Knowledge of the Subject/Discipline

Course Preparation and Organization

Clarity and Understandability

Enthusiasm for Subject/Teaching

Sensitivity to and Concern for Students’ Level and
Learning Progress

Availability and Helpfulness

Quality of Examinations

Impartiality in Evaluating Students’ Work

Overall Fairness to Students
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Teaching Vs. Learning

* Theway we teach mostly likely reflects the way we learn.

e The1995 APA Guideline (1995): Learning is aprocess of
creating meaningful representations of knowledge through
internally mediated processes including self-awareness, self-
questioning, self-monitoring, and self-regulation.

e Theway welearn, generally speaking, isrelated to three major
dimensions:

1. Thecognitive dimension
2. Theaffectivedimension

3. The metacognitive dimension

Four Dimensionsof Learning Process
(Leshey & Harris (1997; APA Guideline (1995); Sternberg (1999); Hartman (2001))

ognitive Factor :
Ability to Make Progress

Metacognitive Factors:
Ability to monitor and
regulate one’s learning

Beliefs,
’é;:c‘:if "\ dentification of issues, Sar dificay,
2 2. Processing information, FEE RIS,
Eig:ﬁ::gen' 3. Solving & deciding solution, g:;"';g"éﬁ?'o”'
, 4 : i onti 1 ion,
Motivation . Implementation & application Adaptation o
environment
Teaching preference,
Exter nal Classsize,
Technology,
Factors Part time work 10
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Cognition Vs. Metacognition
(Hartman 2001)

Cognitive strategies enable one to MAKE progress— to build
knowledge.

Metacognitive strategies enable one to MONITOR and
IMPROVE one' s progress—to evaluate the understanding and
make plans for improvement.

Studies have shown that cognitive ability haslittle relation with
the acquisition of metacognition. (e.g., Alexander, 1995; Schraw,
2001).
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Expert Learners Vs. Novice Learners

Literatures have shown that (Larken, et al (1983), Margolis (1987),
A'Andrade (1995))

# The way experts learn is very different from novices.

& Experts have sufficient domain knowledge. Solving problems by
recognizing patterns or similar situations they have experienced in their
mental models is often sufficient and successful for solving problems.

& Novices have little domain-specific knowledge. Hence, they tend to use
more general problem-solving strategies that are unrelated to domain
knowledge (such as memorizing, breaking down to smaller problems,
procedural strategies, connecting to daily experiences), until they have
built sufficient subject matter knowledge.

# Familiar context enables the access of appropriate mental model for

solving problems.

Beyond Formula Conference- 12
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Today's College Students
* Change Magazine (1993)- C. Schroeder:
New Students — New Learning Styles

— Study 4000 students using Myers-Briggs Type Indicator
(MBTI)

— Learning Preference --- Sensing Vs. Intuition (S Vs. N)
and Extroversion Vs. Introversion (E Vs. I):

— Preference of Sensing or Extraversion (SE): direct,
concrete experiences, moderate to high degrees of
structure, linear learning, practical, uncomfortable with
abstract ideas, complex concepts, low tolerance of
ambiguity, less independent in thought -- Practice-to-
theory learning rQute, . 1. conference- 1

— Preference of Intuition”d¥ Introversion(IN) : concents

What is your learning style?

According to Schroeder (1993):

Student Population General Population Faculty Population
40%  60% 5%  75% 80% 20%
o #F

’ WA deep gap between faculty and students.
Beyond Formula Conference- 14

8/5/04

What is Student Learning
Assessment

The activity of gathering and interpreting
information related to students' achievement of
learning goals/objectives at various stages of
students' learning processes throughout the
educational period and at graduation, as well as
their performance in the workforce after
graduation.
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What is Student Learning
Assessment
Four domains

Knowledge domain: the needed content knowledge in
the area of study - Cognition

Skills domain: the skills required for learning the content
knowledge; For example, in a chemistry class, students
should be able to use the lab equipment properly and
safely — Metacognition and Cognition

Attitudes and beliefs: this domain concerns the
development of particular attitudes or change of beliefs
about a discipline or a profession — Affect

Values and ethics: Sound professional ethics and a

commitment to lifglong leamming.as well as good 16
citizenship are importantgutcomes that a liberal arts

Six Levels of Cognitive Taxonomy

Analysis

Application

Comprehension

Knowledge

Beyond Formula Conference- 17
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Important Trend in

ssessment
Cognitive Views

Emphasis of
Assessment

View of learner  JActive, constructing knowledge environment|

Scope of Integrated and cross-disciplinary

assessment

Beliefs about Application and use of and being skilled

knowing facts and skills knowledge

Empheasis of Attention to metacognition, and assessment

instruction effective materials motivation, self-
determination
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Important Trend in Assessment

Emphasis of
Assessment

Cognitive Views

Characteristicq A uthentic assessments on multiple-choice,

of assessment |contextualized problems that are short answer
relevant and meaningful, emphasize higher-level
thinking, may not have a single correct answer,
have common standards known in advance, and

are not speeded.
Frequency of |Samples over time (portfolios) which provide
assessment basis for nent.
\Who is Assessment of group process skills on
assessed collaborative tasks which focus on distributions
over averages.
What is Multidimensional assessment that learner
assessed recognizes the variety of human abilities and

tal ents, malleability of student ability, and that 1Q
is not fix@exgnd Formula Conference- 15

Characteristics of Good
Assessment

Good assessment information provides accurate estimates
of student performance and enables teachers or other
decision makers to make appropriate decisions.

Good assessment information is its consistency, or reliability.
Will the assessment results for this person or class be similar
if they are gathered at some other time or under different
circumstances or if they are scored by different raters?

The content of the tests (the knowledge and skills assessed)
should match the teacher's educational objectives and
instructional emphases.

The test items should represent the full range of knowledge
and skills that are the primary targets of instruction.

Expectations for studgpiperiarmmance.should be clear. 5
The assessment should be ff#é of extraneous factors which

A framework for rethinking
assessment

What the world needs:
Knowledge, Skills and Perceptions

Which are translated into Programs:

Major, Minor, Graduate, Certificates,
Concentrations

Each has a list of
Learning Objectives and expected outcomes
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That we define hv tonicat®8reas and courses:

A Framework

Each course has a master syllabus containing
Course description, prerequisites, course

objectives, course policies, evaluation, schedule
and bibliography

Which are implemented in
classrooms, labs, fields and so on

Where students learn
Knowledge, Skills and Perceptions

Beyond Formula Conference- 22
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A Typical Model of

Educational Accountability
[Knowledge, Skills, Perceptions]

I
Major, Minor Programs
Objectives, Outcomes

Foundation course| [ Required course 1 Required course 2
Master Syllabus Master Syllabus Master Syllabus

MWF 8:00 am | I—[ TT 5:00 pm ] TT 12:00 Noon }
Beyond Formula Conference- 23
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The Model from Another
Perspective

Knowled@
Skills Student

Perceptions Learning

Programs
Objectives
Outcomes

2 Course 3
Master

Syllabi

Implementation
In Classroom

Beyond Formula Conference- 24
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™

What the world needs vs.
our perception of what's needed, as
reflected in our programs, objectives, and

outcomes:
Knowled
Skills Student
Perceptions Learning
How do we know
our perceptions
i Programs .
reflect reality? Objectives Implementation
In Classroom
Outcomes

Course
Master
Syllabi
2

Beyond Formula Conference-
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5

GapZ
our programs, objectives, and
outcomes vs. our course master
syllabi

Knowled@
Skills Student

Perceptions Learning
How do we know
our master syllabi
accurately reflect
?
our outcomes? Programs Implementation
Objectives
In Classroom
Outcomes
Course
Master
Syllabi
Beyond Formula Conference- 26
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Gap 3
our master course syllabi vs.
classroom practice

Knowled
*How do we know our Skills@smdem

imp|ementation is Perceptions Learning
true to our

master syllabi?

*How do we know our

classroom practice is ;’,;;’ggﬁvm; Implementation
consistent across Dutcomes In Classroom
multiple sections and
instructors? Course
" Master
instructors? Syllabi

Formula Conference- 27
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Gap4
What is taught vs. what students

Knowled@
Skills Student
How do we know perceptions Learning
that what students
have “taken away "
from their classroom
i H Programs

experience is what Objectives |nrnpw§g:::§§:1n
we intended for Outcomes
them to learn?

Course

Master

Syllabi
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Gap 5
what students have learned

VS.
what is needed in the world
Knowled
How do we know Skills Student
Perceptions Learning
students are
prepared to
participate in their
chosen careers
. @9 o Programs Implementation
with the rlght Objectives In Classroom
knowledge, skills, ~ °“®°"
jons?
and perceptions? Course
Master
Syllabi
Beyond Formula Conference- 29
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Goal
To Close UP the Gaps

Knowled@
Skills Student

Focus: Perceptions Learning
assurance of
student learning.

Key: articulate ;g}’egcf:‘rln:s implementation
objectives and Outcomes In Classroom
student learning
outcomes. Course
Master
Syllabi
Beyond Formula Conference- 30
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Goal
To Close Up the Gap

The Role for Students in

Assessment
Process: Process: Knuwled@ i
1. define student learning Skills Student « Raw material
outcomes Perceptions Learning . gnlOﬁ Lif
. L - - ampus Lite
2. articulate content within * Product-in Expe?ience
each outcome progress
3. assign content to | J———
1 caaemic
courses “ograms . * Client
4. develop delivery Jjectives Ierl(L:elmemallon (RIS
methods Jtcomes n Classroom e Customer
. Library,
5. measure learning
against outcomes Course * And ' ggot‘;‘r‘;’ﬁn
6. adjust content or Master g gd on,
delivery to close the Syllabi 0od sefvices
loop ormula Conference- 31 Beyond Formula Conference- 32
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Activity The Role for Teachers in

The Roles of Students

Assessment

Describe the role(s) of students at an institution that
you think students should be:
Raw material? ~ Product-in-progress?  Client?

Ownership: Teacher owns. Bottom up, not top
down

Action: Continuing follow -up and support for
change through coaching and mentoring

Customer? And others (what)?
< Attitudes: Teaching Improvement, not teaching
evaluation
e Others?
The Role for Administration - Activity
Supportlng Infrastructure Design an Assessment Plan -
- Strong leadership support Statistics

« Staff development and training
« Create Environments that support
experimentation and risk-taking

« Develop mechanism for rewarding — research
resulted from assessment, teaching award, grant
initiatives

e Other?

Beyond Formula Conference- 35
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* Learning objectives
* Curriculum Alignment

» Evidence/Artifacts used to assess
Student Learning Outcomes

— Measurement tools and Expected Outcomes
« Dissemination of Information

— Feedback loop
* Five year cyeleromus conerence- %




1. Objectives of Student Learning
Outeemgs rdhr@egram

Upon the completion of the program,
students should be able to

K1

K2 Each objective should not be too broad
K3 neither be too specific.

K4 Example:

K5 K1: interpret the quantitative information in daily life.

Beyond Formula Conference- 37
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Cognitive Action Verbs

« |dentify, name, distinguish, define,
describe, classify, demonstrate, translate,
predict, generalize, explain, apply,
analyze, recognize, judge, communicate,
solve .....

« Focus on “What knowledge is essential to
student success in your course or
program” — Core curriculum.

Beyond Formula Conference- 38
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1. Objectives of Student Learning Outcomes

for the program
Domaih: SKills

Upon the completion of the program, students should be

able to:

S1

S2

S3

S4

Domain: Perceptions, Values, Ethics

Upon the completion of the program, students should

V1

V2

V3

Beyond Formula Conference- 39
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Affective Action Verbs

« Listening, responding, participating,
seeking, demonstrating, relating, valuing,
showing, realizing, ...

« What dispositions are essential to student
success in your course or program?

Beyond Formula Conference- 40
8/5/04

2. Curriculum Alignment of Student
Learning Outcomes

¢ Where is the information introduced,
emphasized, and/or reinforced in the courses
required in the program?

¢ Use the format below to list the program
Outcomes and the Core Courses. Fill in each
cell with either:

an 'l' where the outcome is introduced,
an 'E where the outcome is emphasized,
and/or an®R"WHgtg ¢ information is ~ *

Learning Core Courses

g“‘c"me (I Introduced R: Reinforced  E: Emphasized)

K1

K2

K3

K4

K5

S1

S2

S3

S4

V1

V2




3. Evidence/Artifacts used to assess
Student Learning Outcomes over the
5 year period of this Plan

* What instruments will be used in each of the five
years?

¢ When and where will they be administered in
each of the five years?

*  Which Student Learning Outcomes will be
assessed during each of the 5 years?

* How will results be reported (e.g. percentages,
ranks, state or national comparisons) for each of
the 5 year57 Beyond Formula Conference- 43
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Outcomes | Instruments | Expected Measuresfrom the Academi
tobe to be used Instrument cYear
Assessed

Year 1

Year 2

Year 3

Year 4

Year 5

8/5/04

4. Dissemination of Information
over the 5 year period of this Plan

When, where, and how

will results be disseminated to stakeholders
in each of the 5 years?

To instructors

To Students

To Department

To other related stakeholders

Beyond Formula Conference- 45
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Expected Measures from | Affected Dates and
the Instruments (by Stakeholde |locations for
Year) rs disseminatio
n

Classroom Assessment

Techniques (CATS) (Angelo & Cross,
1993)

* What is classroom assessment?

Classroom assessment is both a teaching
approach and a set of techniques. The approach
assumes that the more you know about what
and how students are learning, the better you
can plan learning activities to structure your
teaching. The techniques are mostly simple,
non-graded, anonymous, in-class activities that
give both you and your students useful feedback
on the teaching-learning process.

Beyond Formula Conference- 47
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Classroom Assessment
Techniques (CATS)

¢ How is classroom assessment
different?

Classroom assessment differs from tests
and other forms of student assessment in
that it is aimed at course improvement,
rather than at assigning grades. The
primary goal is to better understand your
students’ learning to improve your
teaching.

Beyond Formula Conference- a8
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Classroom Assessment
Techniques (CATS)

How do | use Classroom Assessment Techniques?

« Decide what you want to learn from a classroom
assessment.

« Choose a Classroom Assessment Technique (CAT) that
provides this feedback, is consistent with your teaching
style, and can be easily implemented in your class.

« Explain the purpose of the activity to students, then
conduct it.

« After class, review the results and decide what changes,
if any, to make.

* Let your students know what you learned from the CAT
and how you will use this information.

Beyond Formula Conference- 49
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Classroom Assessment
Techniques (CATS)

¢« Why should | use CATs?
« Forinstructors, more frequent use of CATs can:

« Provide short-term feedback about the day -to-day
learning and teaching process at a time when it is still
possible to make mid-course corrections.

« Provide useful information about student learning with a
much lower investment of time compared to tests,
papers, and other traditional means of learning
assessment.

« Help to foster good rapport with students and increase
the efficacy of teaching and learning.

« Encourage the view that teaching is a formative process
that evolves over time with feedback.

Beyond Formula Conference- 50
8/5/04

Classroom Assessment
Techniques (CATS)

For students, more frequent use of CATs
can:

Help them become better monitors of their
own learning.

Help break down feelings of anonymity,
especially in larger courses.
Point out the need to alter study skills.

» Provide concrete evidence that the
instructor cares about learning.

Beyond Formula Conference- 51
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Classroom Assessment
Techniques (CATS) - Minute paper

« Description: During the last few minutes of the
class period, ask students to answer on a half-
sheet of paper: “What is the most important point
you learned today?’; and, “What point remains
least clear to you?” The purpose is to elicit data
about students’ comprehension of a particular
class session.

« What to do with the data: Review responses
and note any useful comments. During the
following class periods emphasize the issues
illuminated by y6uUr stiderits” comments.

Classroom Assessment
Techniques (CATS) - The

« Description: T| [ ity daptation of the
minute paper aMlDﬂwéﬁig%m t students are
unclear about. At the end of a lecture or class session,
students are asked to write brief answers to the following
guestion: what was the muddiest point in my lecture
today? The purpose is to elicit data about students’
comprehension of a particular class session.

* What to do with the data: Review responses and note
specific difficulties from students. During the following
class periods give a pre-class exercise problem, and re-
explain the concepts.

« Time required: Prep: Low, In class: Low, Analysis:
Low

Beyond Formula Conference- 53
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Classroom Assessment
Techniques (CATS) - Chain Notes

» Description: Students pass around an envelope
on which the teacher has written one question
about the class. When the envelope reaches a
student he/she spends a moment to respond to
the question and then places the response in the
envelope.

* What to Do with the Data: Go through the
student responses and determine the best criteria
for categorizing the data with the goal of detecting
response patterns. Discussing the patterns of
responses with ttitfénts e5R Tead to better *




Classroom Assessment
Techniques (CATS) - Directed
paraphrasing

« Description: Ask students to write a layman’s
“translation” of something they have just learned
— geared to a specified individual or audience—
to assess their ability to comprehend and
transfer concepts.

* What to Do With the Data: Categorize student
responses according to characteristics you feel
are important. Analyze the responses both within
and across categories, noting ways you could
address studefit fieéds: "

Classroom Assessment
Techniques (CATS) - One-
sentence summary

« Description: Students summarize knowledge of
a topic by constructing a single sentence that
answers the questions“Who does what to whom,
when, where, how, and why?' The purpose is to
require students to select only the defining
features of an idea.

« What to Do With Data: Evaluate the quality of
each summary quickly and holistically. Note
whether students have identified the essential
concepts of the class topic and their
interrelationshif&:"SHaks Y8l observations with™

Classroom Assessment
Techniques (CATS) - Application
cards

« Description: After teaching about an important
theory, principle, or procedure, ask students to
write down at least one real-world application for
what they have just learned to determine how well
they can transfer their learning.

« What to Do With Data: Quickly read once through
the applications and categorize them according to
their quality. Pick out a broad range of examples
and present them to the class.

Beyond Formula Conference- 57

* Time Required: Prep#eow, In class: Low,

Classroom Assessment Techniques
(CATYS) - Student- generated test
guestions

« Description: Allow students to write test questions
and model answers for specified topics, in a format
consistent with course exams. This will give
students the opportunity to evaluate the course
topics, reflect on what they understand, and what
are good test items.

* What to Do With Data: Make a rough tally of the
questions your students propose and the topics that
they cover. Evaluate the questions and use the
goods ones as prompts for discussion. You may
also want to revi§& thgHLigstidns and use them &n

Classroom Assessment Techniques
- Misconception/Preconception
Check

« Description: The Misconception/Preconception
Check focuses on uncovering prior knowledge or
beliefs that may hinder or block further learning.
There are many misconceptions in statistics and
probability. A quick check of a misconception before
the instruction can bring students attention during
the instruction.

« What to Do With Data: Summarizes major
misconceptions students made. They should be

emphasized duging, the.insteugtion to help students;,
correct their misconcefitibns.

I\ VIL_y

Classroom Assessment for your

1

In your Introductory Statistics course, you have just completed
introducing, stem & leaf graphical displays, numerical summaries,
Empirical rule and the rel ationship between distribution and center
measurements. Now you would like to give students a CATS
assessment.

(1) Write down what you would like to learn from students about their
understanding of some of the important concepts you value the
most.

(2) Determine which CATS tool will serve your purpose.

Beyond Formula Conference- 60
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Course Level Assessment
Authentic Assessment

* Authentic assessment refers to
"Assessment activities that represent
literacy behavior of the community and
workplace and that reflect the actual
learning and instructional activities of the
classroom and out-of-school-worlds."

Beyond Formula Conference- 61
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Common Characteristics of
Authentic Assessment

* Asks students to perform, create or produce something

« Encourages student self -reflection

* Measures outcomes of significance

« Taps higher-level thinking and problem-solving skills

¢ Uses tasks that represent meaningful instructional activities

« Invokes real-world applications

¢ Uses human judgment (rather than machines) for scoring

« Requires new instructional and assessment roles for
teachers

« Provides self -assessment opportunities for students

» Provides opportunities for both individual and group work

* Encourages students to continue the learning activity
beyond the scope otthe assignment- 62
8/5/04

Dafi licit £,

An Authentic Assessment
Technique: Performance-based

Performance ass assessment
activities in which%r%ggﬁssine ired to
demonstrate thiiulkeptt@hpd®BEy or
knowledge by creating a product or response
scored so as to capture not just the "right
answer", but also the reasonableness of the
procedure used to carry out the task or solve the
problem.

To "act upon and bring to completion." Involves
displaying one's knowledge effectively to bring to
fruition a complex product or event. Performance
assessments typically involve the creation of
products.

Performance-based assessment (Sweet,
1989)

Two Components:
* A clearly defined task.
« A list of explicit criteria for assessing performance.

Four Assumptions:

— Knowledge is Constructed: Research tells us that
students show greater interest and perform at higher levels
of learning when they are required to organize facts around
major concepts and then actively construct their own
understanding of those concepts. They also retain
knowledge better.

Active participation is the key to all performance
assessments.

— The Task is Worthwhile:..Lb&ddgal performance task is,

o Fm'g’?’:‘comemcer " inherently instructional, act*ély engaging students in
assessment Criteria for Selecting Performance

Conr Aecrimntinne (Cantiniind)

— Better Assessments Improve Teaching:
Assessment's overall purpose is "to provide valid
information for decision making." (Kulieke. et al. )

When teachers prepare students for a performance task,
they must carefully describe the task and the standards that
will be used to evaluate performance. When teachers are
informed of the learning progress and difficulties of their
students they can then make better decisions about content
and instruction.

Meeting Criteria Improves Learning: Students

should be active participants in their own fearning.
They perform bette? WHENTHIS) RABW what goals they are®

Assessment Tasks

« Does the task truly match the outcome(s) you're trying to
measure?

« Does the task require the students to use critical thinking
skills?
« Is the task a worthwhile use of instructional time?

« Does the assessment use engaging tasks from the "real
world?"

« Can the task be used to measure several outcomes at
once?

Are the tasks fair and free from bias?

Will the task be credible?

Is the task feasiblgRna Formuia conterence- 66
Is the task clearly define#f?*
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AcCTtvity
Task Determination — A Case for

Lot Ot

A common misconception about the representativeness of
sample: People tend to think if a survey will be taken in two
different sizes of populations, the sample sizes should also
be proportional to the population.

Write a task to assess students’ understanding of the
representativeness of sample.

Beyond Formula Conference- 67
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Turning Course Projects and
Examines into Student Learning
Outcomes Information required at the

Program Level

« Student learning outcomes assessment does not need
to be an exceptionally additional workload. We have
been conducting some sort of learning outcomes
assessment for INDIVIDUAL student and his/her grade.

« A difference between assigning grades and what we
called 'learning outcomes assessment' is about how we
organize the assessment results, and how we use the
assessment results.

« A course level learning outcomes assessment should
be integrated into regular class projects and/or
examines.

« It takes only one-extrarsteprwhen we assess each s

Formative Vs. Summative

*+ FORMATIVE &??@Eﬁ%pgimed at

personal teaching improvement; it is designed to
provide an instructor with information he/she can
use in current and future classes. This is about
learning outcomes/processes assessment.

« SUMMATIVE EVALUATION is an after-the-fact
assessment of a course. End of semester
evaluations. This is about final grades.

Beyond Formula Conference- 69
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Grades Vs. Assessment

Grade is atool for assessing individual student’s
achievement based on individual instructor’s grading
standards. It is conducted at course level.

Assessment is a tool for assessing a group of
students’ progress as well as outcomes based on
the learning goals/objectives that can be performed
at:

« institutional level: eg., overarching educational goals

» college level: eg., alumni performance,

» department level: eg., placement,

=~ program Tevel: €g., capsiong, eXRRignce, 70
«_course level: eg., class perftitthance of key concepts, student

An Example: Course Level
assessments Vs. Grades — Primary

ik A 1

Instructors A and B both teach Introductory Statistics

They cover the same topics, test the same concepts
using different HWs and tests. Here are the
report cards from their final exams:

Instructor A Instructor B

Grade Key Concepts Grade Key

Concepts
ID__final Kev#l #2...#10 ID_Final #1_# ... #10
1 A 3/5 416 . . . 4/4 1 B 47 313... 3/5
2 B+ 2/5 3/6...3/4 2 A 6/7 2/3 45
40 C 2/5 216 2/4 30 D 207 013 2/5

Beyond Formufa Conference- 71
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Is this assessment useful?

¢ Students have difficulty with Key concept #1

¢ Students can apply concept # 10 generally
well.

« Further analysis of the questions for key
concept #1 indicates more than 60% of
students can deviate the difference between
equally likely and unequally likely.

A follow up action is taken by both instructors

by developing an activity that stresses this
difference of tR&&e° i Coheepts.

12



Primary Trait Analysis

* The key concepts are the primary traits that are
identified to meet the learning goals/objectives.

« This is a way to integrate grading with
assessment (One stone, two birds).

» Although different instructors may use completely
different grading system, as long as the primary
key concepts (primary traits) are the same for a
given course, the above primary trait analysis can
be applied.

e The summarized results from these key concepts
(primary traits) can be combined into a useful
summary for discussion among faculty, and used

How can the key concepts analysis
(Primary Trait Analysis) be used for

program assessment?
Program Assessment

Knowledge, Skills, Attitudes/Beliefs, Values

N |

Placement Core Capstone After
courses Experience Graduation

Advising

Certificate Alumni
exam, /employer

Placement
policy,

. survey,
Advisin National exam, .
rocedu?e Classroom Alumni
i assessment, Advisory
Focus group, Board

Turning Course Assessment into
Program Assessment Activities

 Use Curriculum Alignment techniques

Program Related Core courses Course Primary
Summary
Objective Course: for ent Objective: Trait
K1-K3 STA382 STA 580/575 Obj#1-5 Project
Rubric scores
S1-S2 STAB80/575 EinalFxam Key Concept
K4-K5 STA580/575 STA590 Obj#1-6 Final Exam  Key concepts
S1-S4 STAB90 Project Rubric score:
K2,K4 STA584 STA 585  Obj#1-4 Final Exam  Key concepts
STAS85
Beyond Formula Conference- 75

8/5/04

Turning assessment activities into
a classroom-based research

« Through conducting assessment activities,
teachers are always engaging in investigation
and striving for improved learning. This is a type
of ‘action research’. The key to action research
is to pose a question or goal, and then design
actions and evaluate progress in a systematic,
cyclical fashion as the means are carried out.
Below are four major ways that you can become
involved as an action researcher.

Beyond Formula Conference- 76
8/5/04

Turning assessment activities into a
classroom-based research

« A classroom assessment activity is usually
planed to investigate a certain hypothesis that
is related to learning goals.

« Once the activity is conducted for several
semesters and that the results are feedback to
students and are used for adjusting different
teaching strategies, the longitudinal activity is
actually a classroom-based research activity.

¢ The results and lessons learned from this
longitudinal assessment activity can be turned
into a researcKWorKHF Piibfication. ”

The Case of Introductory to
Statistics

Beyond Formula Conference- 78
8/5/04
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Environment
Limitation:
Computer Labr =9 The Casefor |
Classsize,
Attendance

troductory Statistics

Real World Data,
Handson Activities

Emphasize
TeamWork

Technology

Emphasize
Concepts,

Reinforcement

Ability, Effort, Experience,
Beliefs, Attitudes,Motivations,
Expectations, Self -regulation
Beyond Formula Conference-
8/5/04

A Call Tor Change — VWWOrksnop on Statistics
Education Organized by Hogg in 1990 (MAA
Notes # 26. 1992)
* Problemsin Statistical Education

— Statistics teaching are often stagnant with little enthusiasm,
teachers resist changes (Teacher attitudes/beliefs)

— Techniques are often taught in isolation, with little consideration
of motivations. (Teaching strategy)

— Statistics are too often presented as a bunch of mathematics
(Teaching strategy)

— Many teachers do not take the advantage of technology
(Teaching strategy)

— Many teachers may not have an adequate backgroundsin
knowledge (Content knowledge)

— Students often view statistics as' hard & ‘boring subject, and
have a fear of mathematical reasoning (Student attitudes/beliefs)

— Statistics notations is unnecessarily complex and inconsistent
(Content difficulty) 815104

MNECCLUITMTITETIUAtuUrTS TTUTTT artl
ASA/MAA Statistics Education Focus

e Cobb (1992, in the MAA Notes#22)
— EMPHASIZE STATISTICAL THINKING especialy on
* Theneed for data
« Theimportance of data production
« The omnipresence of variability
« The quantification and explanation of variability
— MORE DATA & CONCEPTS: LESSTHEORY, FEWER RECIPES
« More on broad concepts, principles and interpretationsin real context
— FOSTER ACTIVE LEARNING
« Creating alearning environment that encourages active engagement,
increase motivation and devel ops asense of learning community

« Alternative to lecturing may include Group activities, Labs, In-class
hands-nn activities Written & aral nrecentatinong Proiert: andannon
Moore (1997) ‘The New Pedagogy and New Content’ discussed the importance of
statistical thinking and data and provided general suggestions on how to teach the ‘new
content’ using technology and different teaching strategies.
8/5/04

SIX Recommenaatons 101
Introductory Statistics Courses —

2004 Draft (Guidelines for Assessment and
Instruction in Statistics Education (GAISE) project,

Led by Joan Garfield)
« Emphasize statistical literacy and develop
statistical thinking

¢ Use real data

¢ Stress conceptual understanding rather than
mere knowledge of procedures

« Foster active learning

« Use technology to develop conceptual
understanding and analyze data

» Use assessmefitS“fappreve and evaluate

How do students learn?

(a) Students|earn by constructing knowledge [Cognition]

(b) Students learn by active involvement in learning activities

[Cognition]

(c) Students |learn to do well only what they practice doing

[Cognition]

(d) Students learn better if they receive consistent feedback
[Progress Assessment — Learning goals]

(e) Studentslearn to value what they know will be accessed
[Performance Assessment — Learning goals]

(f) Students |earn better when learning activities are closely
related to their personal experience. [Affect — Experience,
attitudes]

(g) Students learn better when learni réiq goal sare clearl
h

@ Rﬂt &5@%&@??%@‘5@&%@%%@8 eAtheesdrtiestierd 1967,

1 oghition]
(h) Students learn bettér Wherig Instructor cares for their

Course Level Assessment:
What should be assessed in Intro to
Statistics?

» Misconceptions
Statistical Literacy
Statistical Reasoning
« Statistical Thinking

Based on Concepts or integrated set of

concepts.
TO ASSESS WHAT WE VALUE AND WISH STUDENTS TO LEARN.

Beyond Formula Conference- 84
8/5/04
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Assessing Misconceptions

Random Process Vs. Random Product

— Tossing a coin 10 times gives the product:
HHHHHHHHHH, In the 11™tossing of the same coin, will
H or T be more likely to occur?

H will be more likely to occur since if one make a
prediction based on the given data (product or outcome),
the pattern of the product indicates highly likely H should
occur.

Possible Misconception

The confusion of Random Process Vs. Random Product.
When the process is ignored, purely based on the
product, one may conclude that using the product pattern,
the prediction of the next tossing is highly likely to be H,
and begin to find causes that produce the product such
as the coin may not be a fair coin or the individual who
tosses the coin may play some tricks, and so on. This

Gambler’s Fallacy (kahneman,
Slovic & Tversky, 1982)

— Tossing a coin 10 times gives the product:
HHHHHHHHHH, In the 11" tossing of the same coin, will H
or T be more likely to occur?

— This is due to the confusion of ‘small sample’ Vs. The law
of Large number’ Many similar misconceptions related to
Gambler's Fallacy have been reported in the literature.

Laplace (1814): “I have seen men, ardently desirous of having
a son, who could learn only with anxiety of the births of
boys in the month when they expected to become fathers.
Imagining that the ratio of these births to those of girls

bt b Lo b + il Aot N IR
Stght oD e Samt-ar e entoreatrmonftm ey
indaad that tha h 1 ik Lol d

Spatial/sequence bias in
random selection
« Randomly select a number from the
following:
1, 2, 3 4 5 6 7

« Randomly select a number from the
following:

4, 1, Bey d,Forrg/usll ,onlerencg, 2, 6 87

Inference of Average Number

The average family has three children. It follows the
average age child in this town has two siblings.

Or, more precisely,

The average # of children per family is three. It
follows that the average number of siblings per
child in this town is two.

* Is this a adequate statement?
— Discuss when this statement is correct.

— Give an exampledoushow-his is not a correct 88
statement S0t

Conrusion of condimonal
Probability
A similar problem of Monty Hall's
Three Doors problem

There are three cards: One red on both sides
(RR), one White on both sides (WW) and one
card has Red on one side and White on the
other (RW).

Person A asks B to shuffle the cards out of
sight, pick one at random and report the color
of (only one side. A can not see the card
neither can you.

After B shuffling the. ¢ards,. picks one and reportg

om

“Red”. A then offerg’tes bet $10 against $9 that

Given the card picked “Red”, what is the probability the other side of
this card is also ‘Red’?

\/
\/

T

b i e b

e e e e il 4
-
(DO il

-
-
-
-
A
I

Beyond Formula Conference- %0
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EXPECIEU vdaiuEe = 1T a 1arge rartaortt
sample of men and women, should we
expect the men to have more sisters than
women? (or women have more brothers

The St. Petersburg Paradox:
The Expected Value Vs.

Mancet | ilralhhr OMitenama

than men?)
Work out the case for a family of three
children:
M|F |N [MB [MS |[FB|F |TMB [TMS |TFB |TFS
S
3o |12 [o fo [o [3x2x [0 |oO 0
1
211 |3 |1 1 2 0 |2x1x [2x1x |1x2x3 |0
3 3

A modern version of the paradox:

Consider a volatile stock that each year, with equal probability,
increases in value by 60% or decreases by 40%. What is the
$1,000 investment in this stock likely to be worth in 100
years?

By using the expected value, the average change in % per year
is 10% gain. Therefore, in 100 years, the stock is expected to
be worth of

$1000 x (1.1)° = $13,780,612

However, given the stock is equally prone to increase by 60% or
decrease by 40%, the most probable scenario is increasing
for 50 years and decreasing for 50 years.

BI5108

50 &

Simpson’s Paradox
Graduate Admissions at UC

=Y 1 1 2 W 722N

UC Berkeley was charged with having discriminated against
women in their graduate admissions process for the Fall of
1973. The following table is a summary of # of accepted

Simpson’s Paradox

In the combined Table:

d-derjed-applieantsineach-of the-shxtargestgraduate
kagrands at the infden omen P( Accepted | Women) = 559/1835 = 30.5%
Accepte | Denied | Total |Accepte | Denied | Total

d d < P( Accepted Overall) = 1754/4516=38.8%
A 511 314 825 |89 19 108 While for each individual program:
B [352 |208 560 |17 8 25 Program A: P( Accepted | Women) = 89/108 =
C 120|205 325  |202  [391 593 82.4%
D |137 270 407|132  |243 375 > P( Accepted for A) = 600/933 = 64.3%
E 53 138 191 |95 298 393 Program B: P(Accepted|Women) = 17/25 = 68%
E 22 358eyond Fo[n@Aonferdns 317 341 3 . Beyond Formula Conference-
————T— oro——— — — > P(Accepted in B) = 8369/585 = 63%

A Small Wager
A Small Wager (Nickerson, 2004. p. 147; Hombas, 1997)

Jack and Jill are playing the following game:

Tossing a fair coin until the winner is decided.

Game (1) Jack chooses first and bets on the
sequence of 3 H's (HHH) and Jill chooses
after Jack and bets on THH sequence. Does
Jack and Jill have equal chance of winning?
What is the odd for Jill to win?

Game (2) Jack this chooses first and bets on
THH. Jill chogses-after.Jack and bets on TTH,;,
D ] ] E/504 . 7

The probability that Jill will win to play the
Triplet game with Jack is given in the following

table:

HHH |HHT [HTH [HTT [THH [THT [TTH [TTT
HHH 1/2 2/5 1/8 5/12 3/10 1/2 12
HHT |12 23 |23 |1/4 |5i8 |1/2 |70
HTH [35 |13 12 |1r |12 [as |wm2
HTT a5 [z |12 12 |12 |3m |us
THH |78 |34 |12 |ir 12 |z |35
THT |712 |as |1 |12 [1r2 13 |35
TTH [710 |12 |58 |1/4 |23 |23 12
TTT |12 |3/10 |310 |1/8 |25 |25 172

8/5/04
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The King's Folly

There once was a King who worried about the fact men
and women were born in about equal numbers. This
bothered him because the ideal situation, in his view,
was to have more women than men so that he could
have more wives. In order to accomplish his goal, he
ordered the following decree:

Any family could have as many children as it wished until it
produced its first boy, whereupon, the family must cease
from any more child.

After several years of the decree, the King was very
pleased that thereewerermanyfamilies having many girés
] ° A

The Sample Size Intuitions
(Kahneman, Slovic & Tversky, 1982)

In a mid-size city, there are two hospitals. In the
large hospital, about 45 babies are born each
day, and in the small hospital, 15 babies are
born each day. As you know about 50% of all
babies are boys. The exact percentage,
however, varies from day to day. Sometimes, it
may be higher than 50%, sometimes lower.

For a period of one year, each hospital recorded
the dat;s on which (more/less) than 50 percent of
the babies born were boys. Which hospital do
you think recorded more such days? Why?

Beyond Formula Conference- 98
8/5/04

Sample Size Intuitions

Of the participants, about half selected the
large hospital recorded more of such days.

They ignored the fact that larger deviation
from the mean (in percentage sense) are
more likely in smaller samples than the
large ones.

- Sample size matters, but were either
ignored or misunderstood.

Beyond Formula Conference- 99
8/5/04

Representativeness of Sample

» A survey will be conducted to estimate the
percentage of voters preferring candidate X in
two cities:

City A: population 100,000
City B: population 500,000

A random sample will be chosen from each city.
Since City B is five times as the size of City A,
if we take 2000 from City A, we should also
take the sample with size proportional to what
we choose fog.City.A. which would be about 1
10,000 8/5/04

Perception of Co-variation and
Contingency

Biased Focus: The cell of a twoway table that
tends to get most attention is the one that
represents cases in which both of the variables of
interest occurred such as the (Plus, Plus) cell.
(e.g., Crocker, 1981; Anderson, 1990)

Expectations and Cause-Effect Assumptions

Co-variation is especiallg difficult to detect when it
occurs between variables that are not expected
to be related (e.g., Peterson, 1980).

. eyand Formula Corferénde-. . 101
tendency to jump |niosvmerpre%mg one variable is

Cause-Effect or Not

Some examples:

It is found that the math 1Q for kindergarteners is
highly related to the foot size. Thus, if schools is
interested in selecting gifted students from this
age group, all they need to do is to measure
their foot size.

It is found that the profit of a company is positively
correlated with the CEQ's salary. Therefore, all
the company needs to do is to increase their
CEO's salary | order to have profit.

The life expectangy.is.fouadtbighly positively .0,
correlated with the average # of TV's per 1000

17



Some Unexpected Difficulties using

Histograms to Reason Variation
(Lee & Meletiou, 2004)

We tested students with four Tasks designed to investigate
students’ reasoning about histograms (see Appendix D),
and analyzed 162 students’ responses to these items
through three semesters. We identify four main types of
student difficulties in constructing, interpreting and
applying histograms in different real world contexts:
1. Perceiving histograms as displays of raw data with

E.g., When asking students to draw a reasonable histogram
for the salary for individuals who are 40 years or older before
retirement. Many students draw a histogram similar to the

one on the right and interpreted as Y: salary and X: individual

case ID.)

8/5/04

103

Some Unexpected Difficulties using
Histograms to Reason Variation

2. Tending to interpret histograms as twovariable scatterplots or
as time sequence plots.

For the same question about drawing a histogram to
summarize the salary of individuals who are 40 years or
older before retirement.

Maﬂyr:rplained the Y is the salary and X is the Age.

Age

Beyond Formula Conference- 104
8/5/04

Some Unexpected Difficulties using
Histograms to Reason Variation

3. Tending to look at the vertical axes and
compare differences in the heights of the
bars when comparing the variation of two

histograms.

Many students
think that A has
larger variation
because itis
bumpier.

Ao Garfield, de
"

foeney ¢

as, &E\ihance, 1999,

Faquoney ¢

ooz a4 6 o2 mw
Seones

Beyond Formula Conference-
8/5/04

Some Unexpected Difficulties using
Histograms to Reason Variation

4. Tending to think deterministically when interpreting a
distribution in real world contexts.

When mean > median, regardless how large the standard
deviation is, many students immediately conclude the
shape of the distribution is skewed to right.

E.g., An insurance company is interested in the cholesterol
levels of individuals in our community that are 40 years of
age or older. A random sample of 100 individuals was
chosen from this population and the following information
was collected:

Average = 158 (mg);"Nféaigt} ="t60°(mg), Standard 106

doviation = 20 (ma)

Conjunction Fallacy
(Kahneman, Slovic & Tversky, 1982)

A tendency of overestimating the probability of the joint
occurrence of events:

“Bill is 30 years old. He is intelligent, but unimaginative,

compulsive, and generally lifeless. In school, he was
strong in mathematics, but weak in social studies and

humanities.”

Rank the following statements about Bill from most to least

likely:

(a) Bill is an accountant
(b) Bill plays jazz for a hobby

(c) Bill is an account who

Beyond nference-

8/5/04

BJI(@“IYECLazz for a hobby.

107

Conjunction Fallacy (?)

The above scenario may have different interpretations:

« When people make a judgment about Bill, the
probability concept that P(A and B) can not be larger
than P(A) or P(B) was not be used in their decision
making.

* In common language, when people read statement (b)
and (c ), one might interpret (b) as: Bill is an account
who does not play Jazz for a hobby.

Thus, this may be due to the use of the language, not the
misconception about P(A and B) has to be no larger
than P(A) or P(B).

Beyond Formula Conference- 108
8/5/04
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Equality Probability Bias

When ask students the probability of tossing a balance
die for a large # of times, what would be the chance of
each face to occur. There is no problem that P(each
face) = 1/6

When asking students “ Carl Lee plays golf with Tiger
Woods a game”, what would the chance of winning
for Carl. Little problem about this question: P(Carl
wins) is practically zero.

However, when asking students: Carl plays golf with
Tiger Woods for three games”. Use the notation W
stands for Carl Wins a game. The sample space is
{WWW, WWL, WHe\Ma dsMOMEoMM Lok LWL, LLW, LLL}. 100
What is the P(WWW)? sisi04

Real Context Vs. Statistical
Language

Using the same context that Carl plays golf with Tiger
Woods three game.

When asking students the same question using the
context only: what is the chance that Carl will win all
three games? Many student are then able to sense
that Carl stands virtually no chance in the every day
language, not in terms of statistical language.

For many students, statistical language stays within the
world of statistics. When connect with context, people
lose the connection between context and statistical

reasoning. Beyond Formula Conference- 110
8/5/04

What to Assessment for Intro to
Statistics

Assessing
— Statistical Literacy
— Statistical Reasoning
— Statistical Thinking
* Recommendations from the GAISE Report
(2004 Draft) on assessment
¢ Performance-based assessment for Intro to

Stat
Formula Conference- 111

« WebArtist and”GtheEsiesotirces

What is Statistical Literacy?

¢ The GAISE Report (2004, Draft) Defines
Statistical Literacy as:
Understanding the basic language of
statistics (e.g., knowing what statistical
terms and symbols mean and being able
to read statistical graphs), and
understanding some fundamental ideas of
statistics. For readings on statistical
Iiteracy See (More can be found e.g., in Gal (2002),
Rumsey (2002), Utts (2003), and Watson (2003)).

Beyond Formula Conference- 112
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What is Statistical Reasoning?

The way people reason with statistical ideas and
make sense of statistical information (including
being able to make proper data summary and
proper interpretation of the statistical
information). Under the reasoning is the
conceptual understanding of important ideas
such as center, variation, sampling, distribution,
randomness, association and the connection

among these ideas.
(E.g., Garfield, 2003; Garfield & Gal, 1999; Lovett, 2001)

Beyond Formula Conference- 113
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What is Statistical Thinking?

GAISE Report (2004 Draft) defines Statistical
Thinking as:
The type of thinking that statisticians use when
approaching or solving statistical problems.
Statistical thinking has been described as
understanding the need for data, the importance
of data production, the omnipresence of
variability, and the quantification and explanation
of variability.

Beyond Formula Conference- 114

(see also Snee, 1990; Coir+1992; Wild & Pfannkuch,
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An Analogy:
The Amazon Rescue Mission
A Mission of Statistical Thinking

You are assigned a rescue mission in the
Amazon forest, where you have never
been. The rescue mission in this case is
solving problems by properly using any
techniques. This process involves with
adventure and a lot of decision making.

The Rescue Mission is at the level of
Statistical Thinking.

Beyond Formula Conference- 115
8/5/04

To Accomplish the Mission:
Requires Statistical Literacy

So you must be trained for the mission.
Two major areas of training are needed.
One is to learn how to use every tool that
is available to you. You actually see
them, use them and practice until you are
very good at operating every tool.

This is analogous to Statistical Literacy.

Beyond Formula Conference- 116
8/5/04

To Accomplish the Mission:
Requires Statistical Reasoning

The second level of the training for the rescue

mission is to completely understand the properties

of the tools and simulate possible situations of
Amazon forest, which is indeed unknown to you.

However, because of the characteristics, patterns,
and knowledge that are learned from experiences

or documented theories about forest, we can
imagine the potential situation and simulate that
situation, and learn its properties and patterns
before going into the forest. This is equally
important as the first stage of training.

Beyond Formula Conference- 117
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Recommendation 6: Use assessments
to improve and evaluate student

learning
(GAISE 2004 Report)

« Students will value what you assess.

* Make sure your assessments are aligned with learning
goals.

* Make sure assessments focus on understanding key
ideas and not just on skills, procedures, and computed
answers.

It should be done with formative assessments used
during a course (e.g., quizzes and midterm exams and
small projects) as well as with summative evaluations
(course grades).

+ Useful and timely feedback is essential for assessments
to lead to learning.

Beyond Formula Conference- 118
8/5/04
Tvnes of assessment:

Suggestions for teachers on

Assessments (GAISE 2004 Draft Report):

« Integrate assessment as an essential component of the
course. Assessment tasks that are well coordinated with
what the teacher is doing in class are more effective than
tasks that focus on what happened in class two weeks
earlier.

« Use a variety of assessment methods to provide a more
complete evaluation of student learning.

« Assess statistical literacy using assessments such as
interpreting or critiquing articles in the news and graphs
in media.

« Assess statistical thinking using assessments such as
student projects and open-ended investigative tasks.

Beyond Formula Conference- 119
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Suggestions for student

assessment in large classes (Gaise
2004 Draft Report)

» Use small group projects instead of individual
projects.

¢ Use peer review of projects to provide feedback
and improve projects before grading.

* Use multiple choice items that focus on choosing
good interpretations of graphs or selecting
appropriate statistical procedures.

» Use discussion sections for student
presentations.

Beyond Formula Conference- 120
8/5/04
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Applying Performance-based
Assessment to Intro to Statistics

e Two Components:
— A clearly defined task.
— Alist of explicit criteria for assessing performance
¢ Four Assumptions:
— Knowledge is Constructed: Active participation is
the key to all performance assessments.
— The Task is Worthwhile: Performance tasks are
open-ended and assess an array of knowledge and
skills related to the curriculum.

— Better Assessments Improve Teaching: Assess
what you value the most, and use the result to
Improve teaCh“ngnd Formula Conference- 121

— Meeting Criteria Imptoves Learning: Assess

Applying Performance-based

assessment techniques — Intro to
Stat

« Group projects or individual projects
— Evaluating criteria — rubric

« Presentation
— Evaluating criteria — rubric

« Scenario critique

— Evaluating criteria — Key concepts, some times, no
correct answer

Multiple Choice questions with reasoning explanation

— Evaluating criteria - Answer keys for the multiple choice
questions and key concepts for the reasoning

+ Open-ended questions focusing on reasoning and

problem solving  seyond Formula conference- 122
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ASSESSINg Staustical Literacy,
Reasoning & Thinking using the same
context (Garfield, Chance, 2003;

Problem: The following\A@1IARFiBt Jiisplays the average
annual snowfall amounts (in inches, with the stems being
tens and leaves being ones) for a random sample of 25
American cities:

000000024
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Three levels of assessment using
the Snowfall context (Continued)

« Statistical literacy:
— Describe this distribution.
 Statistical reasoning:

— Without doing any calculations, would you expect
the mean of the snowfall amounts to be larger,
smaller, or about the same as the median? Why?

« Statistical thinking:
— A researcher has data on the average snowfall for
these same cities from 20 years ago. She wants to
test whether snowfall amounts are higher now than,,

they were 20 years age. Describe an appropriate

Activity
Applying Performance-based
Assessment

You notice that students are confused between histogram
and scatterplot. Write a task to assess if students have
learned the difference, and if not, why they are confused
so that you can develop additional activities to help
them.

(You may use the three level strategy: Literacy,
Reasoning and Thinking)

Beyond Formula Conference- 125
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Introduce WebArtist

Reference

Web site: http://www.gen.umn.edu/artist/

1. Click on ‘Assessment Builder’.

2. Read through the general direction.

3. Click on ‘Go To Assessment Builder’ at the
bottom of the page.

4. Take you to the Login page. First time user is
required to Register.

5. After register, you will receive a login Pass
Word.

6—Omthetogimpage;, enteryoure=maitandPW-

7. Begin to build your test set.

Beyond Formula Conference- 127
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An example — Performance-based
assessment for the representativeness
of sample

A survey will be conducted to estimate the
percentage of voters preferring candidate X in
two cities:

City A: population 100,000
City B: population 500,000

A random sample will be chosen from each city.
Since City B is five times as the size of City A,
if we take 2000 from City A, we should also
take the sample with size proportional to what
we choose fos.City. A which would be about s
lo OOO 8/5/04

An example — Performance-based

assessment for “histogram Vs.
scatternlot”

A study is designed to investigate the relationship between
age and their salary for people who are 40 years or older,
yet to retire. 100 individuals are selected for the study.
(a) In analyzing a data set such as this, it is a good idea to
look at the summary of the data. Determine and explain
what plot is appropriate to demonstrate the distribution of
the salary of these 100 individuals who are 40 years or
older.

Explain what is on the Y-axis and what’s on the X-axis for
this plot.

Describe the most likely shape of the distribution of this
salary variable and explain your reason.

(b) Determine and explain what kind of is appropriate to
demaonstrate the rnlnrinnchia hetween salary and age

AITSWET 10 EXPETTIEU vadiue - 1T a 1arge
random sample of men and women,
should we expect the men to have more
sisters than women? (or women have
more brothers than men?)

Work out the case for a family of three
children:

M |F |N [MB |MS |[FB|F [TMB |[TMS [TFB TFS
S

0 (1 |2 0 0 0 [3x2x [0 0 0
1

1 (3 |1 1 2 0 |2x1x [2x1x |1x2x3 |0
3 3

2 3 |0 2 1 1 |0 1x2x [2x1x3 |2x1x3

3

Motivation for Studying the
Difficulties using Histogram for
Reasoning Variation

* When constructing a histogram for describing the
distribution of salary for individuals that are 40 years or
older and have not yet retired:

a) What goes on the vertical axis Y?

b) What goes on the horizontal axis X?

* Most students in the study confused the histogram with a
scatterplot of salary vs. age.

* They thought that ‘the graph is skewed-to-the right
because as people approach retirement, their salary
gradually drops.
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Study and participants

Students were given four tasks related to the construction,
interpretation and application of histograms in real world
scenarios. These four tasks were part of the testl and/or final
exam.

The study site was an introductory statistics course at Central
Michigan university.

162 students participated in three-semester study.

75% of the students were Business majors, 25% were other non-
science majors.

The prerequisite was College Algebra. Few students had taken
Precalculuslevel or higher courses

ormuQa Conference- 137

Approximately 55% of the studerrs:were female.

Task A (Given in Test 1, Descriptive stat and Probability)

An insurance company is interested in the cholesterol levels of individuals in
our community that are 40 years of age or older. A random sample of 100
individuals was chosen from this population and the following irformation
was collected:

Sample size = 100 Average cholesterol level = 158 (mg)
Median cholesterol level = 160 (mg) Standard deviation = 20 (mg)

1: Based on the information above, the shape of the distribution of
cholesterol levels for individuals in the community of age 40 or more is
more likely to be .

Explain the reason:

Q2: When constructing a histogram for the cholesterol level data
What goes on the horizontal axis X?.
What goes on the vertical axis Y?

Q3: An individual has a cholesterol level of 188 mg. Is this an unusually
high cholesterol level? Why or why not?

8/5/04
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Task B (given in Test 1)

The following graph shows the distribution of the width of window frames
manufactured at two different pjant

Plant B

Which of the following statements is correct? (Choose one).

-

. Width distribution of frames manufactured at Plant A is skewed.

2. Width distribution of frames manufactured at Plant A has a similar
variation to the width distribution of frames manufactured at Plant B.

3. Width distribution of frames manufactured at Plant A has a larger
variation than width distribution of frames manufactured at Plant B.

4. Width distribution of frames manufactured at Plant A has a smaller
variation than width distribution of frames manufactured at Plant B.

Explain the reason for your choice.

BTS04

Task C: (taken from Garfield, delMas, & Chance, 1999, given in Final)
Which of the following distributions show more variability? (Check one):
(a) A has more variability (b) B has more variability

“Choosing distribution with more variability’ task

gl ia¥

Now, check the statement or statements that led you to select the
choice above:

1. Because it is bumpier
2. Because it is more spread out

4. Because the values differ more from the center

5. Other (please expain) rormula conference- 140
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Task D (Given in Final):

When constructing a histogram for describing the
distribution of salaries for individuals that are 40 or older
and have not yet retired,

Q1: Explain:
1. What goes on the vertical axis Y?
2. What goes on the horizontal axis X?

Q2: What would the shape of the salary distribution more
likely be? Explain why.
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