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New Approaches to University Entrance Examinations
in Korea - NEAT and CSAT
(College Scholastic Ability Test)

Kyung-Ae Jin

Korea Institute for Curriculum and Evaluation

Good afternoon. My name is Kyung Ay Jing, | am from Korea, the Korean Institute for
Curriculum and Evaluation. I would like to express special gratitude to the president of NCUEE,
professor Dr. Yoshimoto, Professor Tanaka, and Professor Arai for inviting me to this presentation and
for showing me such hospitality. I feel honored to present with such distinguished scholars, such as

professor Eva Baker, Deborah Harris, and John Herman.

Today, I would like to present about the new English test in Korea that our institute is developing.
The name of the new English test is the National English Ability Test. The background of developing
this new English test is, the Korean government and specialist realized that Korean students lacked
practical English skills even with more than 10 years of formal English education in school. Also, we
found that there is a need to enhance practical English education, especially students' speaking and
writing skills in English. The current CSAT test, which is College Scholastic Ability Test, is such an
important high-stake test to go to University in Korea, so CSAT influences many aspects of education
in Korea. The English section of CSAT does not assess speaking and writing skills. So we came up
with the idea that we have to include the assessment of speaking and writing skills in the CSAT test.

So this is the background of why we decided to develop this new English test.

The differences between the CSAT test and NEAT test are the following: In the CSAT test
currently being delivered in Korea, the English section measures just listening and reading. In the new
test, we measured four skills — listening, reading, speaking, and writing. All of the CSAT items are
multiple choice, but in the new test reading and listening are still multiple choice, but speaking and
writing will be measured through performance assessment, which means actual performance in
speaking and writing. The current CSAT test is non-referenced but the new test is criterion-referenced,
so we set up the criteria first and we see whether the students are attaining or achieving the reference
or objectives. In the current test, nine levels of percentile scores are provided to the students, therefore
it is just relative ability that is expressed through the school report. But in the new test we, since this
is criterion-referenced, we set up the achievement standards first and we measure whether the
students are achieving to excellent, average, basic or below basic with these achievement standards.
So that is the big difference from the previous test.

And the current CSAT test is a paper and pencil test. For example, more than 600 thousand

students are taking the test in one day to get the scores to apply to colleges. So it is paper and pencil



test, but we found that with this paper and pencil test, we cannot measure abilities like speaking and
writing, and we cannot score these skills with paper and pencil tests. So what we have established is
an internet-based test. So the new test is delivered through the internet, especially VDI, which is like a
cloud-computing system, so it is virtual desktop infrastructure. Therefore, students are taking the test
at the test center through the computers, and the test items and testing programs are implemented in
the main center, so the students’ personal computer just works as a monitor. So, we tried to introduce

this internet-based test.

Also, the current CSAT test, students are given just one chance to take the test. So for students,
that one day is such an important day in Korea that will decide the students’ future with that one
CSAT test. So with the new test, we are designing the test and delivering the test at least two
opportunities for each student, and there will be more practice tests. However, we decided to give at
least two opportunities for the students to take the test. Current CSAT tests are just one test paper. But
in the NEAT test, we are developing two different test papers, so students can choose either the level
two test, which is a bit higher level, but the main difference is the content — it is an academic English
test. But the level three test is more oriented towards practical English. So we provide two different
versions of the NEAT test, and students can choose either the level two test or the level three test. And
the college or universities will provide guidelines on whether they will require either level two or

three test based on the characteristics and contents of the courses of the university.

More background. Actually, this idea to develop a new test was raised in 2006, so it is from the
previous government. The previous government and the current government both put a lot of
emphasis on English education. They believe that English skills will be one of the competitive power
and skills in this global era. So in 2006, the previous government announced several English reform
policies, and the objective is to improve students’ English ability in speaking and writing. Since many
industries feel that even though graduation of high school and college, the employees are not good at
communicating in English. That is why the government has put more emphasis on English education.

In 2007, they announced a new plan, especially they announced this new test.

The government is providing many new policies and support for English education, but the
reason that is not changing satisfactorily is because of the university entrance test. So we thought that
without changing the format of the entrance test, we cannot change the content of education in
schools. So they have announced the plan to develop a new English test in 2007. And in 2008, the
current government’s President emphasized that since 2006, KICE and Ministry of Education have
developed the idea and have prepared for this new test, and in 2008, the President and the Minister of
Education announced that the new test will replace the current CSAT test. So the idea is that we first
started to develop the new test, but in 2008 they made a plan to replace the current CSAT test with
this new test.



Since 2009, we have done altogether seven field tests with almost around 50 thousand students.
So after we have designed this test and developed items for this test, we have done field tests. In the
first public hearing for this new test was in 2010. After the first public hearing, we have implemented
several additional field tests, and the final public hearing was May this year. We have a public hearing

from teachers and specialists in the field about this new test.

The goals of this new test is to let the students acquire basic communicative skills through
school education so students will select either NEAT level two or three based on aptitude and future
career. And directions of developing this new test is to align the contents of the new test with the
curriculum. The English national curriculum in Korea, we have introduced this
communicative-competence oriented English curriculum since the early 1980s. But since there is a
gap between this curriculum and this CSAT test, that is why the government realized that there is no
effectiveness in English education. So the direction is to align the NEAT test with the national
curriculum. Also, another direction or strategy is to provide teacher training programs with this new
test. What we do is, one of the big tasks in developing this new test was to train teachers how to write
items, how to score, or instruction related to the new test in the classroom. We tried to develop this

test with this new curriculum and teacher training efforts.

The target system of this new test, will be, as I said, if we give two opportunities to the students,
the students will be 1200 thousand students taking 24 tests. The reason for 24 tests is since this an
internet-based test, we cannot have all the students taking the test at the same time because of the
facility. So 50 thousand students take the test, and we need 12 test papers to assess the 600 thousand
students. So if we are giving two opportunities, that is how this number came up. So we keep training
item writers, or the secondary school teachers. We are building up a system headquarters and 1700

test centers throughout the country.

The timetable of the development is as follows. We have developed and done several pre-tests,
and since next year, 2012, general implementation of the test will begin. So, around seven colleges
and universities have a plan to use the scores of this new test next year. The general implementation
will start next May. At the end of next year, the government will make a decision whether this new
test will replace the current CSAT test, and if this decision is made, the English section of the CSAT
will be abolished and the new NEAT test will begin in 2015. We need at least three years of notice
period before the entrance test changes. The new English curriculum is a 2009 revision, and we
periodically revise our national curriculum. The new national curriculum has been developed aligned
with this new test. It will be applied in 2013 for first-year high school students who will take this
NEAT test in 2015. So, we are trying to prepare the schools for this new test.

The level two test is for academic English skills, as I mentioned, and the level three test is basic
practical English test. The level two test will be 3000 words and 2000 words for the level three test.



The level two test is aligned with some of the curriculum and the level three test is also aligned with
the curriculum. This test is measuring four domains or skills: listening, reading, speaking, and writing.
These are the number of items and test time. In each test paper, there will be some anchor items for
testing, since 50 thousand students are taking the test but the total population of the students will be
600 thousand, so each set of 50 thousand will have different test papers, so the students’ scores will be

equated later with common items in order to prevent inherent item difficulty.

So these are some of the topics for the level three test — practical English. These topics have been
used to write test items for the level three test. The basic academic English test we also have some
topics. We try to differentiate these two tests in terms of contents, which are designed by the topics of
each test item. I may not go too much into detail into all of the test specifications but briefly, in
listening we have items for literal understanding and inferential understanding. These are the numbers
of words for the level two test and the level three test. The level two test includes two items per each
text. The current CSAT test basic policy for the English test is one question for one text. We tried to
add multiple items for each text, and also multiple paragraphs. So as you see the number of words for

each item in the level two and three tests differ.

Also, the characteristics of the new item types, since this is an internet-based test, and since we
tried to focus on more practical English, we tried to include test items including charts, pictures,
graphs, and in general more authentic texts, rather than just texts that can be used in the classroom.
When we developed this new test, we also tried to align it more closely with the textbooks. Before,
the item types of the CSAT test were different from what the students are actually learning in the
classroom through the textbook. But in this new test, we tried to develop items that would be similar
to activities in the classroom and information presented in the textbooks. Textbooks were good

resources when writing items or studying for the test.

I will not go over each item type, but I will show you the items that have distinctive
characteristics of this new test. The most important aspect of this new test is it has a speaking and
writing component in the national test. It requires practical issues of implementing, scoring, speaking,
and writing items, but since the will to reform English education has decided to introduce speaking
and writing tests. This is a new listening test item. For example, the test item on the right-hand side is
a schedule for a cinema. We tried to introduce authentic materials — the real materials for the test. The
students are listening to the script and see which picture the speaker decided to watch. The item on
the right-hand side is also a listening test. That is a map that visitors can have when visiting
sight-seeing places, so students are listening to the monologue or announcements and seeing the exact

place on the map. So that is a new test item that we introduced.

Also, the test on the right-hand side is a new type. So that is an actual advertisement. We tried to

understand the students’ literacy skills with advertisements, also. Students are supposed to see this



advertisement and understand what it says. That is also a new item type in the level three test — the
practical test. This test, a level two test, has a longer text. We tried to get the students to understand

the longer text as well. This is the speaking test.

Computer: Part 1: you will see three pictures. Then you will be asked one question. Answer the
question based on the picture. You should answer with one or two full sentences. After each beep,
record your answer for 15 second. After you hear two short beeps, stop recording. Question number

one: Is the game exciting?

Students are just answering the questions and they are supposed to record their speaking into the
microphone that is attached to the headset on the computer. This is a picture description task for the

speaking test.

Computer: Part 2: You will see six pictures and tell a story based on the picture. You have one minute
to review your answer. After the beep, you will have one minute to record your answer. The story
should start with: “One day a man was...” After you hear two short beeps, stop recording. Now let's

begin.

Computer: Part 3: You will hear a story describing a problem. You will have one minute to think
about your advice on how to solve the problem. After the beep you will have one minute to record the

answer. After you hear two short beeps, stop recording. Now let us begin.

So students are actually recording their answers through the microphone. This is an example for
the test for writing. We provide some prompts like a place, time of visit, and the reason for choosing it,
so the students are supposed to write about a place they have traveled to recently. That is one of the

item types for writing.

So I have introduced some of the item types for this new test and implementation as I presented.
This is the cloud-computing system. The system is now being built at KICE (Korea Institute for
Curriculum Evaluation) and the setting up of the Virtual Desktop Infrastructure (VDI) at the center
students login on the monitor and take the test at the test center, and the client at the test center
downloads the test items and uploads the answers. The reason that we introduced this
cloud-computing system is to minimize the “if” factor of the PC environment at the test center, and
therefore provide a more equivalent testing environment. So during the implementation since 2009,
we realized that first it was the client type — that is there is a server at each test center and they
download the test. But we realized that the environment of students’ PCs differ. So we do not want
that environment, the PC environment will affect the students’ performance. So that is why we tried to
incorporate this new technique. This year, we are building 500 testing centers or school computer labs.

Schools are applying for these new test centers and KICE is examining the test centers. We allow the



center to be enrolled for the NEAT test. By 2013, 1700 test centers will be built throughout the

country.

One of the issues for this test is also scoring. KICE is providing a structured rater training
process. Each rater has practiced rating at least 240 samples, and they are certified as raters. This is
the scoring method. Each rater is scoring two items, but it will be linked with other raters in an
attempt to control the rater effect through the writing design. So for example, up till now, we have
quite reliable inter-rater scores so far, so we tried to train the raters for speaking and writing
specifically to a 0.8 reliability. We cannot secure so far, but we are trying to increase the inter-rater
reliability. We are also thinking of applying automated scoring for writing. As I mentioned before, the
scoring is criterion-referenced. The item is analyzed after the students' performance on the test. It is
also analyzed with item response theory. The reason that we are applying this item response theory is
because the scores of these items are later used for standard-setting, which means we have to actually
finally provide an excellent, average, basic, or below basic. And the students’ scores will be used as a
cut score to distinguish these four levels. Also, equating is implemented, which will be done by more

specialists.

We try to use the methods that are already used in the United States and the best testing
companies throughout the world. The idea is that we have common items that are provided for each
test paper. Therefore, we have introduced these common items, and we equate the student scores later.
In order to get this common item information, we have constantly provided field tests. The item
scores and item information are stored in the item bank so that they will be used later as this common
item for creating. We also have a standard-setting procedure. For example, if you compare across 20
faculties, they are participating in standard setting, which means that scores are given for four levels.
This is the one sample for scores for listening and reading. Finally, students get scores for each skill —
speaking, reading, listening, and writing — and this performance level description, which is related to

their achievement level, is also provided.

In conclusion, we have done some surveys during the development of the test. People think that
this new test will enhance the students' speaking and writing ability. Also, a lot of research was done
last year that evaluated some pauses for English education and most of them agree to adopt new tests.
72.5% of parents expect this innovation of speaking and writing testing and instruction in school will
enhance the speaking and writing instruction in school. The parents believe that this new test will
allow students to speak and write English better. We believe that this new test will enhance speaking
and writing skills in schools, and will have a positive influence on English education in schools for

more practical and effective skill adoption. This is the end of my presentation. Thank you.
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Level 2: basic academic English

Level 3: practical English
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#jProvide teacher training programs focuses on item

#4#Align the contents of NEAT with the National curriculum

development, scoring and instruction with regard to the new
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#iDevelop two versions of NEAT: test Level 2(Basic Academi

¢ Englishjand Level 3(Practical English)

EiNew English Curriculum (2009 revision) has been currently

being developed aligned with NEAT
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information & communication
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technology,
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Reading
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ace, ocean,
Art, literature,

= More inferential and comprehensive ufiderstanding items in Level 2 than Level 3

¢ More literal understandirig items in Level3"
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o Charts, pictures, graphs and authentic texts are adopted to enhance authenticity of

the test and align with the curriculum and textbooks
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You will see three pictures. Each picture has one question. Answer the question based on the pictu:

re. You should answer with one or two full sentences. After each beep,
econds. After you hear two short beeps, stop recording. Now let's begin.

st 54K S o YA

[Question number 1]

jooe

S

E

L -
S w

2 &% .
5 s - BEERG Ge
SR s i i -
@ ] B . s 3
8 . L i
1% 2 g 2 g2l 2 g S Wm%xx%x% e mm
2 5 8 & 8l 5| £| g L B
£ 5 g 3§ 5 B 1
12 G 8 8 s HEER R
o £ o| B HEIE L
s § al §le 5 2%
o 12 5 8 @ T El 2 - .
e a R
3 &3 s g8 "Ye L
1% " 8 52 . . L
[ ey - ciud H
N i
s . & $E3 ¢
- Pooiiy i
Shisng § o i3
- % Poriil, s
E Poiuia it
* 3 if:it $it I
] 3 FEL 513 &
2| § i ER ¥
H £ 2 IS i R
1¢ 2 — £ 7 iR [ i H
] = @ 3 * gt 5 ]
SR £ $ = 2|3 [ i :
L H gl o 2 z | 23 (B :
£5 58 g2 2| iir : 5
{2 =2 g ° s : .
L [ . e
fe :

R
B

f




i
Z
:
2
i R e R

i
2w
5 ¢ -z
ER c 2
3 £ g E ”
B L S
z 8 2 o R
8 Hemmn
=8 3 >0 fia
5 R
> 28 Hemnn
2% e c g i
S 2 o g 2 i
3 < I k] S
g T s 3 E i
B = T i
gz ] i
c 2 2 5 S e
£ 2 28 = s
s ° g2 3 2 o
23 L% phian
2 8 2 F i o B
2 .m >3
S
3 s
Eg = =2 daan
e g3 s
L] 5 2 s
[ 9 2 o
= 2 3 £ G
Bl < = G
3 - e o G
£ 5, G
3 = Ghn
s 3 -
o = [
a 3 G
s g G
3
<
2
S
2
3
S
2
£
@
©
4
3
£
H
3
£

One of your friends asks you if you caz.see a movie on Saturda

because you have to go to your grandparent’
ie with your friend on Sunday. In this situation

ort beeps, stop recording. Now let's begin.
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rer-rater reliability{th Fleld Test,

referenced test

1)Criterion

Basic and Below Basic

, Average,

= Excellent,

= Standard Setting (Bookmark Method)

2) Test equating

= Students’ scores of different tests are equated

-equivalent group design with external anchor items

" non

Item Analysis

Item Analysis

Test items were analyzed with procedures from Classical Test Theory (

CTT) and Item Response Theory (IRT) approaches.

« Items are psychometrically analyzed to determine possib

le issues with the items.
« Item statistics are used as feedback during standard-

guessing

discrimination

L-3

.23

.23

L-2

L-3

A7

1.33

18

1.36

L-2

1.08

117

Item Response Theory

difficulty

L-3

L-2

-.36

15

-.37

14

Classical Test Theory

discrimination

difficulty

.42

.43

L-3 L-2

L-2

.38

55.60 69.34

55.95 68.91 |

43

42

48,57 64.99

setti

ng studies, can be used during the test form assembly pr
ocess later, and both item and test statistics are relied on

for equating.

A

Listening

B

B




* Number of examinees and the tests :
— 1,200,000 and 24 tests (two opportunities per student
s, 50,000 students taking the test simultaneously)
+ Multiple forms will be administered and need to be
equated to each other.

» "Equating is a statistical process that is used to adj
ust scores on test forms so that scores on the form
s can be used interchangeably. Equating adjusts f
or differences in difficulty among forms that are bui
It to be similar:in: dlfftcuityxand content." (Kolen & B
rennan, 2004 p.2)

« Score on common items indicate how performance of Group
1 and Group 2 differ

\T{he common items must be the same in Form X and Form

— "mini version" of the test form (proportionally represent test content)
— asimilar location (item number)
— exactly the same (no wording changes or rearranging of alternatives)

Group 1 Group 2
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» The process by which performance cut points (cut scores
) are established on an assessment
* Bookmark procedure (Mitzel, Lewis, Patz, & Green, 2001
)
— Standard setters (panels) evaluated specially formatte
d test booklets and placed bookmarks at points where
the difficulty of items appeared to change in ways tha

t differentiated between adjacent performance levels.

A panel of 20 faculty, administrators, and teachers partici
pated for each area.

Panels select the most difficult item a borderline student
would be likely to answer correctly and place a ‘bookmar
k’ at that location.

« Based on test results, students are placed into one of the
following four proficiency levels: A, B, C, and F, F being t
he lowest performance level and A being the highest.

« Scores are provided in the four sections: Listening, Read
ing, Speaking, and Writing. Separate proficiency levels a
nd PLDs are reported for each section.

o Listening Cut Score)

Fail/C c/B B/A
Round 1 -0.364» 0.1185 0.939>
Level 2 Round 2 -1.584p 0.099» 0.796.
Round 3 -1.584p 0.038» 0.796>
Round 1 -1.448p -0.395; 0.174>
Level 3 Round 2 -1.448p -0.348» 0.153>
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New Approaches to Educational Testing And ACT

Deborah J. Harris
ACT, Inc.

The intent of this paper, and the accompanying talk, is to provide information about some of
the products and services ACT, Inc. provides. The focus will be primarily on educational
testing, and how ACT 1s continuing to provide cutting edge information and guidance for
students and educators, both in cognitive and noncognitive areas. ACT’s expertise in the
workforce area is also discussed briefly. The information provided 1s a compilation of
research, products, and services ACT provides: additional information on the topics
discussed may be found through the links listed at the end of the paper.

Overview

ACT, Inc., an independent, not-for-profit organization, was founded in 1959 around a single
assessment program. Today, ACT, Inc. has offices across the country and internationally,
and serves millions of people in high schools, colleges and universities, professional
associations, businesses, and government agencies.

ACT, Inc.’s international involvement began decades ago with the administration of the ACT
Assessment outside the United States. The ACT is now administered in over 135 countries;
the number of colleges and universities outside the United States that use the ACT as part
of their admission process has more than doubled in the past two years.

The growth of ACT’s services specifically designed to serve international markets has been
dramatic. ACT Education Solutions, Limited, (AES) now has offices in Sydney, Jakarta,
Shanghai, and Singapore. AES offers several training programs, including the Global
Assessment Certificate (GAC), which is aimed at helping students in non-English-speaking
countries prepare for college and university undergraduate study in English-speaking
countries, becoming the world’s most widely recognized university preparation program for
students whose first language is not English. There are over 90 GAC Teaching Centers in 12
countries, including China. More than a hundred Pathway Universities, located in the
United States, Canada, United Kingdom, Ireland, Australia, Singapore, New Zealand, and
Mexico, admit students who have earned the Global Assessment Certificate.

This paper will provide an overview of a select few of ACT, Inc.’s products and services in
the education and workforce areas, beginning with

Note: In the U.S., colleges and universities set their own admissions criteria. High school
students who wish to attend college usually take an assessment, such as the ACT, as part
of their application process. However, some students may choose to take the SAT, or both
the ACT and the SAT. Individual colleges and universities usually do not have additional
institution-specific entrance exams. In addition, the ACT and the SAT are given multiple
times throughout a year, and an individual student may take one or both exams multiple
times.

The ACT
The ACT Assessment program is a comprehensive system designed to help high school



students develop postsecondary educational plans and to help postsecondary educational
institutions meet the needs of their students. The ACT battery includes four multiple choice
tests of educational achievement—English, Mathematics, Reading, and Science—and an
optional Writing Test. The ACT also collects self-reported information about students’ high
school courses and grades, educational and career aspirations, extracurricular activities,
and special educational needs.

ACT data are used for many purposes, by many users. High schools use ACT data in
academic advising and counseling, evaluation studies, and accreditation documentation.
Colleges and universities use ACT results for admissions and course placement. States may
use the ACT as part of their statewide assessment. Many of the agencies that provide
scholarships, loans, and other types of financial assistance to students use the ACT as a
measure of student qualifications.

The ACT functions both as a stand-alone program and as part of the secondary school
level of ACT’s Educational Planning and Assessment System (EPAS.)

EPAS"

The ACT Educational Planning and Assessment System (EPAS®) 1s an integrated series of
assessment and career planning programs — EXPLORE (grades 8 and 9), PLAN (grade 10),
and the ACT (grade 11 and 12) — that is designed to help students increase their academic
readiness for college and post secondary training. The system provides a longitudinal,
systematic approach to educational and career planning, assessment, instructional support,
and evaluation.

All three programs, EXPLORE, PLAN, and ACT, include curriculum-based assessments in
English, Mathematics, Reading, and Science that have been empirically tied to
postsecondary success in the U.S. These content tests measure what students are able to do
with what they have learned in school and what they need in order to be college- and
work-ready when they graduate from high school. In addition, scores on the content tests
are reported on the same score scale across the batteries: ACT scores are reported on a scale
from 1 to 36, while the maximum scores are 32 for PLAN and 25 for EXPLORE. Through
the EPAS system, ACT has established the nation’s largest longitudinal data system that

h
monitors student progress from the 8" grade through college, so that the level of
achievement and readiness students attain in K-12 can be compared and evaluated against
their actual success in postsecondary education.

The U.S. College Readiness Benchmarks

ACT’s College Readiness Benchmarks are the scores required on the ACT subject tests for
high school students to have approximately a 75 percent chance of earning a grade of C or
better, or a 50 percent chance of earning a grade of B or better, in selected credit-bearing
courses commonly taken by first-year college students: English Composition; College
Algebra; Biology; and social sciences courses such as History, Psychology, Sociology,
Political Science, or Economics. Benchmarks for EXPLORE and PLAN were established as
indicators of a students’ progress toward meeting the Benchmarks on the ACT.

The College Readiness Benchmarks were empirically derived based on the actual
performance of students in first-year credit-bearing college courses, using data from 98 two-




and four-year institutions from all over the country and over 90,000 students. The
Benchmark scores are provided in Table 1.

Table 1. ACT’s College Readiness Benchmarks

TEST EXPLORE PLAN ACT
English 13 15 18
Mathematics 17 19 22
Reading 15 17 21
Science 20 21 24

Forty-seven percent of all 2010 high school graduates in the United States—nearly 1.6
million— took the ACT during their high school career. Of these ACT-tested graduates, 24
percent met or surpassed all four of the ACT College Readiness Benchmarks, up from 21
percent in 2006 and from 23 percent in 2009. The percent of graduates ready to succeed in
college coursework remains highest in English (66 percent), followed by reading (52 percent),
mathematics (43 percent), and science (29 percent), indicating there is substantial room for
improvement in college and career readiness. An important question in preparing all
students for college and career by the time they graduate from high school is that of
determining how much growth in academic achievement typically occurs during high school,
and whether such growth can be accelerated to ensure that more students are ready for
college and career when they graduate.

Growth

A sample of approximately 150,000 students who were administered EXPLORE, PLAN, and
ACT was used for an initial look at growth issues. The average scores across the three
assessments for each subject test are shown in Figure 1 at the top of the bars. Because the
scores are reported on the same scale for each subject, across batteries, the average growth

for these students between 8" grade and 12" grade is easily seen, ranging from 3.3 score
points on the Science Test to 5.6 score points on the Reading Test.

The total sample of students was separated into whether they were on target for becoming
college and career ready (i.e., those who met or exceeded the College Readiness Benchmarks
for EXPLORE in the 8" grade), whether they were close to being on target (i.e., those who
were within 2 or fewer score points of meeting each EXPLORE Benchmark), and those who
were off target (i.e., those who were more than 2 score points from meeting each EXPLORE
Benchmark). The average scores for these three groups in math are shown in Figure

2.



Figure 1: Average Growth in Achievement between Eighth and Twelfth Grades
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The average growth was greatest for the group of students who were on target for college
and career readiness in 8" grade. Individual students’ growth goals can be set using the



College Readiness Benchmarks and the growth trajectories as a yardstick. For students who
are off target in 8" grade, a challenging yet reasonable goal on successive tests would be to
reduce by half the difference between the student’s score in a given subject and the
corresponding College Readiness Benchmark. A second approach to set growth goals 1s by
first measuring the average growth at high-performing high schools (i.e., schools showing
the greatest growth) and then setting goals for students at lower- and average-performing
high schools according to what is considered normal growth at the high-performing high
schools.

Students who are significantly off target for college and career readiness in 8 grade are
far less likely to become ready for college-level work during high school; therefore,
academic interventions will be necessary for these students in order to help them attain
the foundational academic skills that are necessary for college and career readiness.

ACT can also look at setting readiness targets below EXPLORE, by linking to state grades

3-7 assessments. This is typically done by calculating a comparable score on the 7" grade
assessment to the College Readiness Benchmark on EXPLORE. Backmapping is then used
to find the 3" through 6" grade scores that indicate a student is on track. Table 2 displays
what a College and Career Readiness (CCR) Ramp might look like. In addition, Table 3
1llustrates what yearly goals, called NCEA Growth Goals, might look like -- defining a path
for a student to follow to reach the CCR ramp.

Table 2. Example of College and Career Readiness Targets

EXPLORE

ang Carear CCR

8 ard pping the Colleg
Readiness Tarpats

ACTINCEA continues this process down to the lowest
test grade~typically Grade 3. The trajectory defined
by College and Career Readiness Targets from Grades
3-7 and ACT's Collage Readiness Benchmarks from
Grades B-12 creates what is known as the College and
Career Readiness Ramp.

weipes CCR RAMp
iom Growth Goals

3 4 5 6 7 8 9 10 11 1z



Table 3. Example of Yearly Growth Goals
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Common Core

The Common Core State Standards Initiative represents a significant reform to U.S.
education, leading to consensus in the majority of states and territories on the essential
knowledge and skills necessary for the college and career readiness of all students. ACT 1s
pleased to have played a leading role in the development of the Common Core State
Standards, with both ACT’s longitudinal research identifying the knowledge and skills
essential for success in postsecondary education and workforce training, and ACT’s College
Readiness Standards™ being among the resources used in the creation of the Common Core
State Standards.

To provide an initial look at how high school students might perform on the Common Core,

ACT used a sample of a quarter-million typical 11" grade high school students who had
taken the ACT, and coded the items they were administered into Common Core clusters.
Since performance standards have not yet been established for the Common Core State
Standards, ACT used its research-based College Readiness Benchmarks to estimate college-
and career-ready performance levels. For each of the clusters of Common Core State
Standards for which ACT has data G.e., all but Speaking & Listening and Research), the
percentage of students in the sample who met or exceeded the performance level of college
ready was computed. These analyses serve as a starting point for assessing achievement
relative to the Common Core in advance of full state implementation efforts. Figure 3 shows
the overall percentage of students in the sample who met ACT’s College Readiness
Benchmarks in mathematics, as well as the percentage of selected subgroups, indicating
that across all Common Core domains, strands, and clusters, only one third to one-half of
the high school students are reaching a college and career readiness level of achievement.

The period of time between Common Core adoption and Common Core implementation
offers an important opportunity to evaluate and reframe education policy and practice at all
levels. ACT believes these analyses results provide information that stakeholders can use to
understand the current state of college and career readiness of students and to begin
implementing programs and policies that best support the Common Core.
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International Benchmarking
ACT conducted a study using PLAN and Programme for International Student

Assessment (PISA) to determine the relationship of the ACT College Readiness Benchmarks
in reading and mathematics to the performance of participating countries from the
Organisation for Economic Co-operation and Development (OECD), for the purposes of
improving the comparison of U.S. student performance with global student performance.
Although used with different populations and administered under different administration
conditions, there are many striking similarities between PLAN and PISA. Both programs
address the content areas of reading, mathematics, and science. Both PLAN and PISA
assess what students can do with what they have learned in school, and they each focus on
measuring higher-order critical thinking skills that are important for life after compulsory
education. A more detailed comparison can be found in
http//www.act.org/research/policymakers/pdf/AffirmingtheGoal.pdf.

The U.S. faces the challenge of adapting to the demands of a globalized economy, where jobs
have become more specialized and more driven by technology, requiring higher levels of
education and training—especially in mathematics and science. The U.S. workforce now
competes internationally to a far greater extent than in the past, and international
comparisons of academic achievement show U.S. students at a deficit when compared to
students in many other nations. In order to determine if current standards are rigorous
enough to result in preparation and achievement of students at the level necessary for
international competitiveness, the relationship of international performance to U.S. college
readiness performance needs to be examined. It is only when one can compare international
student performance to a relevant performance standard like college readiness that one can
understand whether the U.S. standard of performance for entry into credit-bearing,
first-year college courses is a globally competitive performance standard. By comparing the
performance standard of U.S. college readiness to international student performance, one is
are able to anchor actual student performance in credit-bearing college courses to
international performance, allowing one to know how much improvement in student
preparation is needed to be globally competitive.

ACT was uniquely positioned to conduct this research: by using the ACT College Readiness
Benchmarks, it is possible to determine how the U.S. standards of college readiness
compare to the average performance of students in OECD countries internationally.
Because the ACT College Readiness Benchmarks are empirically based on actual student
performance in a nationally representative sample of two- and four-year postsecondary
institutions, they can serve as an objective U.S. performance standard for college readiness.
By linking PISA results to the Benchmark levels (via PLAN testing), it can be determined
if the U.S. standard of college readiness 1s above, below, or the same as the average
performance of like students in OECD countries.

In fall 2009, following the national assessment of PISA in the U.S., a sample of students
was selected using a two-stage sampling design: schools were selected with probability
proportional to size, and a random sample of students in the correct age range was chosen.
Each student in the study was administered one PLAN battery and one PISA booklet,
within a window of 4 months. ACT scored the PLAN tests according to standard procedures,
and although these students were not included in the U.S. national PISA administration,
the tests were administered in a manner consistent with the national program. ACT was
responsible for coding and scoring PISA items and the Australian Council for Educational
Research (ACER) was responsible for generating the PISA plausible values.



The analysis goal of the study was to link the PLAN College Readiness Benchmarks to the
PISA tests. Given the score distributions of both PISA and PLAN tests for the study sample,
each PLAN College Readiness Benchmark was linked to the corresponding PISA test using
the traditional un-smoothed equipercentile method. Because there were five sets of
plausible values for each subject, the linking was conducted five times, each using a
different set of plausible values; the final reported linkage was the average of the five
values. Linking variances were also estimated following the guidelines on conducting
analysis using plausible values as described in PISA technical manuals. In addition, a
series of cross-validation studies were conducted on additional linkages using publically
available PISA data and PLAN data. Public PISA data was from PISA testing cycles 2003,
2006, and 2009. PLAN public data came from the PLAN norm distribution for Grade 10 in
fall 2005. Linkage results from these additional sources were consistent with the current
study.

Table 4 presents the linking results for mathematics. For mathematics, the PISA score that
is equivalent to the PLAN College Readiness Benchmark is 530.1 (the average of the five
linkages conducted on the five plausible values), which falls in a PISA mathematics literacy
proficiency level 3. All three validation linkages also resulted in a PISA level 3. Linking
error estimates between the study linkage and validation linkages are very close to each
other in that all the 95% confidence intervals overlap with each other (the entire 95%
confidence intervals for all four linkages fall in the upper range of PISA level 3).

A verbal description of PISA level 3, and the ACT College Readiness Standards related to
the Benchmark score of a score of 19 for mathematics, is presented in Table 5.

Table 4. PLAN College Readiness Benchmark Equivalent on PISA for Mathematics

, Plausible Value PISA .
Linkages Average %95 Cl
1 2 3 4 5 Level
Study Sample 530.7 529.1 531.9 529.1 529.7 530.1 3 [523.5, 536.7]

Validations:
PISA2003 533.0 5325 5353 5333 533.3 5335 3 [5626.9, 540.1]
PISA2006 5229 520.2 5202 5206 5206 5209 [513.1, 528.7]
PISA2009 534.9 536.7 5353 5353 5342 5353 3 [526.2, 544 .4]

* %85 Confidence interval = Estimated concordant score + 1.967(linking error)

(€]

One question of interest is where on the PISA scale a country would rank if it was scoring at
the level of the benchmark value; in mathematics, the PISA score of 530 that 1s comparable
to the PLAN mathematics benchmark would rank a country 3" among the 34 OECD
countries, and 9" overall among the 65 entities that took the most recent PISA assessment,
illustrating that the College Readiness Benchmark corresponds to a level that is
internationally competitive, and students achieving this level would be well placed to
succeed in the international marketplace, as illustrated in Figure 4.



Table 5. Descriptors of U.S. College Readiness Standards and Corresponding PISA
Proficiency Level
PISA’ U5 College Readiness Standards
Mathematics PISA Level 3: Score Range 16-19:

Atlevel 3, students can
execute clearly described
procedures, including those
that require sequential
decisions. They can select
and apply simple problem
solving strategies. Students
at this level can interpref and
use representations based on
different information sources
and reason directly from
them. They can develop short
communications reporting
their interpretations, resulis
and reasoning.

Solve routine one-step arithmetic
problems {(using whole numbers,
fractions, and decimals) such as
single-step percent

Solve some routine two-step
arithmetic problems

Calculate the average of a list of
numbers

Calculate the average, given the
number of data values and the sum
of the data values

Head tables and graphs

Perform computations on data from
tables and graphs

Lise the relationship between the
probability of an event and the
probability of its complement
Recognize one-digit factors of a
number

identify a digit's place value
Substitute whole numbers for
unknown guantities to evaluate
expressions

Solve one-step equations having
ifeger or decimal answers
Combine like terms (e.g., 2x +5x}
Locate points on the number ling
and in the first quadrant

Exhibit some knowledge of the
angles associated with parallel
lines

Compute the perimeter of polygons
when all side lengths are given
Compute the area of rectangles
when whole humber dimensions
are given

' Adopted from Highlights from PISA 2009: Performance of U.S. 15-year-old students in Reading,
Mathemalics, and Science Meracy in an infernational context, by Fleischman, Hopstock, Pelczar,
Shelley, and Xie (2010




Figure 4: Tenth-grade College and Career Readiness Performance Benchmark Compared to
the Performance of Countries/Economies on PISA 2009 Mathematics
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Work Readiness

Not all students enter college when they finish their secondary education. Some go directly
into the workforce or into a work training program. One of the challenges of the work arena
1s placing the right person in the right job, a component of which is ensuring a person has
the requisite skills for a particular position.

ACT’s WorkKeys 1s an assessment system designed to help employers select, hire, train,
develop, and retain a high performance workforce. ACT’s WorkKeys system is being used, to
some degree, on every inhabited continent on the planet. One component of the system 1s
analyzing what skills are needed in different job. ACT has an occupational profile database
with more than 18,000 job titles, ranging from white-collar professional to blue-collar
technical positions. Extensive research has been done on these job to identify both the
essential skills, and the skill levels, necessary for employee selection and training.

WorkKeys assessments include Applied Mathematics, Locating Information, Reading for
Information, Applied Technology, Business Writing, Listening for Understanding,
Teamwork, Workplace Observation, and three soft skills assessments: Fit, Performance,
and Talent.

The Applied Mathematics assessment 1s a 33 item test that can be delivered in
paper&paper or computer mode, and in English or Spanish. Applied Mathematics is
designed to measure the skills people use when they apply mathematical reasoning, critical
thinking, and problem-solving techniques to work-related problems. The items require
examinees to solve the types of problems and do the types of calculations that actually occur
in the workplace. Applied Mathematics has five levels of difficulty, ranging from Level 3, the
least complex, to Level 7, the most complex. The levels build on each other, incorporating
skills assessed at the previous levels. For example, to solve Level 5 items, individuals need
the skills from Levels 3, 4, and 5 because Level 5 items require several steps of logic and
calculation (e.g., a problem may involve completing an order form by totaling the order and
then computing tax) that necessitate using skills associated with Levels, 5 and lower levels.
(See http://act.org/workkeys/assess/math/levels.html for a description of the specific skills
associated with each level.)

The job profiling process ACT uses has four steps. The first step is to create an initial task
list, covering the tasks most relevant to the job. The second step is a task analysis, where
the initial list of tasks from step one is reviewed and revised as needed by subject matter
experts, and each task is rated according to importance and the relative time spent on the
job doing that particular task. This data is them used to produce a criticality rating for each
task, which are then reviewed. The end result of step two i1s a final task list which indicates
which tasks are most critical to performing to the job. The third step is skills analyses,
where the skills are reviewed. Detailed descriptions of the skills covered in the WorkKeys
assessments are presented to the subject matter experts, who determine the relevance of
those skills to the job of interest, deciding which skill levels are necessary for entry level.
The fourth step is documenting the results in a report which establishes the link between
the tasks of the job and the WorkKeys assessments skills and skill levels.

An example of the skill levels required for a sample of job titles, taken from
http://act.org/workkeys/skillsearch.html, is shown in Table 6. For example, the job title
“accountants” was profiled as requiring a Level 6 in Applied Mathematics, a Level 5 in
Locating Information, and a Level 5 in Reading for Information. The job title “advertising




sales agents” requires a Level 3 in Applied Mathematics, indicating a lower level of math
achievement is needed than that required for “accountants”.

For those examinees who are not functioning at the WorkKeys level they would like to be at,
the WorkKeys system also includes a training component. KeyTrain is an interactive tool
for career readiness skills, based on a targeted curriculum written specifically to assist
people in mastering the applied workplace skills as defined by WorkKeys.

Table 6. Example of Average WorkKeys Scores Needed by Job Title

Accountants 6 5 5
Adjustment Clerks 4 4 4
Administrative Services Managers 4 4 4
Advertising Sales Agenis 3 4 4
Agriculiural Crop Farm Managers 5 5 4

..... AimaﬁBﬁdyamaaﬂd%&mmweRepa%%5% 5

Adrcraft Structure Assemblers, Precision 4

Noncognitive Assessments
ACT and others have conducted research that suggests other factors, such as interests and
motivation, have an impact on success, over and above cognitive achievement, in both
academic and workforce settings. In addition, these noncognitive factors may help in
understanding what types of coursework, careers, and or training programs may work well
for a particular individual.

ACT’s Interest Inventory

Because individuals often need assistance in exploring careers options, and in determining
how their skills and interests align with various occupations, ACT provides an interest
inventory. In addition to use by individuals in identifying careers they may be interested in
and skills they may need to acquire, entities such as trade organizations and cities need
methods to match potential employees with the needs of current and future jobs.

The ACT Interest Inventory is a component of EXPLORE, PLAN, and the ACT, providing
career planning information to over four million individuals every year. The questions in



the inventory emphasize work relevant activities (like conducting a meeting or exploring a
science museum), that should be familiar to examinees, rather than potentially unfamiliar
occupational titles. The ACT Interest Inventory is based on extensive research to ensure
rehability and validity, with research using this inventory indicating that the fit between
interests and environment (college major or occupation) is related to a diverse set of positive
outcomes including persistence in a college major, attainment of a college degree, job
earnings, and job satisfaction. The individual Interest Inventory results can help focus
career exploration, by pointing to groups of occupations that are aligned with an
individual’s interests, rather than singling out one “right” occupation, with results reported
graphically on the World-of-Work Map as tell as in text.

ENGAGE

ACT has found in its research that 8" grade students' academic achievement has a larger
impact on their readiness for college by the end of high school than anything that happens
academically in today's high schools. Student readiness is also influenced by psychosocial
development: a students' academic readiness for college and career can be improved if the
student develops behaviors that are known to contribute to successful academic
performance. The ENGAGE assessments provide measures of the academic behaviors that
are associated with academic success , and include Academic Discipline, Optimism, Family
Involvement, as well as other areas under the broad domains of Motivation, Social
Engagement, and Self-Regulation.

ACT has tested thousands of students with ENGAGE, tracking them as they progress
through middle school and into high school, finding that ENGAGE administered during
middle school was a valid predictor of high school grades. In fact, even after taking into
account previous grades and academic readiness (e.g., EXPLORE scores), ENGAGE
provided additional information that helped to more accurately identify students who were
at risk of poor grades and academic failure. Figure 5 shows that a measure of middle
school academic achievement (EXPLORE) and middle school grades used in combination
are clearly the best predictors of early high school GPA, however, academic behaviors are
also substantial predictors.

Figure 5! Relative Strength of Predictors of Early High School GPA

Prediction of Studeant Success in $th Grade

Bchool Faclors 3%

EMGAGE Grades 5-8 31% - o EXPLORE Composiie 26%

-~ Demographics 8%

Middie Gchool Grades 31%
Note: Based on a linear regression model predicting th-grade GPA (RZ = .55).



Table 7 i1llustrates the importance of both academic readiness and academic behaviors for
subsequent student achievement. Student A scored low on both ENGAGE’s Academic
Success Index and EXPLORE, and subsequently failed 6 classes and has an extremely low
GPA. Student B, who had the same low EXPLORE score (9) but scored high on the
ENGAGE Academic Success Index. did not fail any classes and has a GPA of almost 3.0.
Student C had a high score on EXPLORE, but scored low on ENGAGE and subsequently
failed one class and has a GPA of only 1.56). Student D with the same high score on
EXPLORE (21) and a high ENGAGE score failed no classes and has the highest GPA.

Table 7. Four Example Students’ Academic Behavior and Academic Readiness Scores and
Later Academic Outcomes.

Success Index =3 Success Index =5
ENGAGE Student  igh school GPA = 0.41 | 5™ High school GPA = 156
Grades 6-2
Academic Failed high school Failed high school
Success Index classes = 6 classes = 1
{percentile rank)
Success Index =95 Success index = 99
St”ge“t High school GPA = 2.99 S"“ge“t High school GPA = 4.16
Failed high school Failed high school
classes =0 classes =0

ENGAGE" Grades 10-12, and ENGAGE" College are also available. In additional, ACT has
developed a a set of scales called ENGAGE Teacher Edition that provides assessments of
specific behaviors related to academic success. These behaviors are tangible, observable,
and connected to academic performance and other student success outcomes. When the
scales and ENGAGE are used in combination, the resulting data allow teachers to identify
at risk students early, diagnose individual students’ strengths and weaknesses, identify
appropriate curriculum activities and behavioral interventions, assess the effectiveness of
those activities and interventions, and track a student’s progress in developing effective
academic behaviors.

Summary

The intent of this paper, and the accompanying talk, is to provide information about some of
the wide range of products and services ACT, Inc. provides in both the education and
workplace arenas. The ACT website offers much more information on the assessments and
services ACT has developed, as well as the research that provides the foundation for them.

A First Look at the Common Core and College and Career Readiness
http//www.act.org/research/policymakers/pdf/FirstLook.pdf

Solutions for Success in an evolving global market: ACT Annual Report September 1, 2009



http://act.org/aboutact/pdf/AnnualReport10.pdf
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http//www.ncdea.org/files/what are college and career readiness targets-01-14-11.pdf
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http://www.act.org/engage/pdf/ENGAGE Issue Brief.pdf

Affirming the Goal Is College and Career Readiness an Internationally Competitive
Standard?
http://www.act.org/research/policvmakers/pdf/AffirmingtheGoal.pdf

How Much Growth toward College Readiness Is Reasonable to Expect in High School?
http!//www.act.org/research/policvmakers/pdf/ReasonableGrowth.pdf

Impact of Cognitive, Psychosocial, and Career Factors on Educational and Workplace
Success.
http://www.act.org/research/policymakers/pdf/CognitiveNoncognitive.pdf

The Forgotten Middle: Ensuring that all Students Are on Target for College and
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http!//www.act.org/research/policvmakers/pdf/ForgottenMiddle.pdf

Enhancing College and Career Readiness and Success: The Role of Academic Behaviors
http://www.act.org/engage/pdf/ENGAGE Issue Brief.pdf

Ready for college and ready for work: Same or different?
http://www.act.org/research/policymakers/pdf/ReadinessBrief. pdf

Rigor at risk’ Reaffirming quality in the high school core
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The ACT Technical Manual
http://www.act.org/aap/pdf/ACT Technical Manual.pdf

The PLAN Technical Manual
http://www.act.org/plan/pdf/PlanTechnicalManual.pdf,
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LT EAEDMNRMIRICE N T, RTOAEFEDI Ly P LT 4 XART ¥ U7 LT 4 R AT
RAFNVPUBBEARFRTHDLENI R D2 P RIZED, ACT X, REHEOME N L —= 7
THRENT D T2 DI B2 FNRERC A V2 kBT 2 RMIA eIt & L ACT DI Ly DV LT f R A AF
% — K73, The common core state standards DOERKIZEEH SN AW E 725 = L12OW T, The




common core state standards @7 A1 | é%iﬁ RE|Zf STV D,

EARAE N, S ﬂaf®&%%ﬁ%#5% « ACT Tid, 25 7 ADOREN L ACT #5207 11 %
FOEREDY TV EFIAL, ﬂa77xﬁT®%E®n~bk%ﬁotoA7ﬂ~7/x A
& B — KM, Common Core State Standards D722, RIEHEIL A TWRNDO T, ACT 13% Oif

SN Ly P VLT 4 RA - RN TFv—0 %, RELFY VT ICBTLERHDONT f—< A -
I//\‘/l/%’?ﬁﬂi'ﬁ"é DA U7z, Common Core State Standards D% 27 7 A X D=1, ACT 137 —
% (Speaking & Listening & Research LISL) ZRIHL T, B Ly U~OBEFEEN TE TWHIREED
A7¢~7/x-vAw%ﬁt¢\%b<i kRES %/7»?% EREOEIGNFHE S, b
Do MORBZFNHNL - T, @ BICBEE T 58 EE 20T 572005 a e LTHNS
ho, K3k, £ CnitiE ﬂﬁmﬁﬁ AL B — R &7x&%tac ERAED 33D 1D 24y
@1#)%ﬁénéﬁ FE, bbb REEF YV TDOLT 4 XA LUMZEL TS Z EARL
BN T - T —T @ﬁA#iﬁﬁ< BFCBITSH ACT DALy VLT 4 RA « Ry Fv—7
i LIz o VDA BERIREIG 2R LTV 5,

AR O, BLXOZOEBOBIIL, £ETOL VLV THEHEER LIEFZIMO L., FERT5 7~
HOBEERES iRt d 5,

ACT X AT A 7N Z—n if B2 LS\ T AR E T 0 7T A& f#h 572010, 2 LT,
ROV D/ HFx UT - LT 4 XAOBURAZHIRT D72 DICHIN TE 5 1F#EZ, 205 O Hrnh i
MHRET 5 LE LTV D,
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International Benchmarking

ACT Tix, 7 AU A EWWADELED R T p—< U AL DK EFET H BT, #iM & HFITBNT
OECD OZMED /N7 4 —~2 AL ACT ALy VLT 4 XA RF~v—2 LORMEE MDD
PLAN & PISA #{fH L CWFZEA FEhE L7z, B HHEMOR R 2 FHEMHO b & TllEY 722 PLAN
EPISAZIIZ S OHUAR S, W5 &b, Fi, 5 BFEONEOFREBZRZIEL TS, £ LT,
PLAN & PISAIZ. W H & L FENFIKTH ST L2 L EITMBTELNEV) T EEZFHMEL TE D,
ELLbRBEHERDOEEICL > TEETH L HROPHINEELEDO AR AV ZRET 5 Z LICESE
LCTTWD, LOFHARLEIC OV TIZL T OR— AU E B
http://www.act.org/research/policymakers/pdf/AffirmingtheGoal.pdf.

TAYIE, T a—rSA LT OBRICHEIG T2 & 9 BRERICIR D A TV D, (T L 0 &Y
bl B L > TEVIBWEED LN, SERABFTL hL—=0 70 BICEFLERETROONT
WD, T AV BOFETE D TRWEEFEBRICHEFICER L T\ D, £/2ho% < OFEx o4 L
thig sz b x| FERBOEBRER T, 7 A VD OAERLBIND I EE2RLTWA, BIEEORA K
Y F = R BB RO DICMER LR LT AREOREE & ORI T ol EN L
AMBHET ATDIC, TAVIOHI LYy LT 4 RA - XN T p—w A3, BFERIR AT 4 —< A
EDOBMRNOREESN DM EN DS, BTG (credit-bearing) =2— A, BLOKE 1 RO —X
ANDLZY N —=DFEDODFENOT AU DAL L — R, T a— VPRI T 4 —< A« A
B RTHAINEIDEMADL, —DF ALy P LT 4 2 AD LI ICEBERRAEFEONT 3 —
YABWEY RN T A AL A= FEWRT AR TH D, TAVDCBTHI Ly VLT 4R
ADNT =< A « AZ L — REMEOAEEDONRT + —~ o R 2T % Z LIk - T, ERRAE
FHDOTODEFEDEIZEN S DVDEENKLIERONE D Z L3 TE, B 5 (credit-bearing)
= ATOEBEOEFLEDNT —~ VA LERRR AT 3=~ VAT H LA TE 5,

ACT X, ZDWgtEAT > BT, MIFRMEMNIT &> TnD, Zhid, ACT Iy VLT 4 XA
NFw—I 2@ ) ZLIZL T ALy VLT A RADT AV IDOAL X — R ED L 5T OECD
DEFED VIR RN T =< P AZEET 502 fER T 52 LR TEL, ACT WLy VLT 4 KA -
YFe—7iE, RERONERNR 2, 4 FHORMEFBHEEE TOF > TIVEED/NT 4 — 0 ZREBRAY
WZESNWTNADT, WLy VLT 4 RADTEDDT AU HOKBIIIR T =< A« AZ U H— K
ELTHWASZ LN TE D, PISA OFiR%E, PLAN 7 A MR TRy Fv—7 « LV E Y 7 W
5ZET, ALYV LT A4 RADT AV ADAZ L H— & OECD OEFEDVEH 27 4 —~ 1 A
I, Ry EDTERRTLHIENTE D,

2009 FRKITIZ, 7 AV AT PISA DT+ a FATEARA Y M EZT T AEFEOY A AREITNT,
FTFERY A L0 L, 2 LT, FFE» S BEERICHE T 2 ZBiE 71 2w T, o
TNNRENT HEOEEITIT TN EN 4 - HOBIFNIZ 11> PLAN 8 v 7 U —38 LU o> PISA
Ty by bt Lz, ACT i3, PLAN 7 X M 28RN T ICHIVER L7z, £ LT, b
DA FEIE the US national PISA administration [IZ3F ENTW o728, T A MIFaFLrres
T L ERERD FIETITo, ACT X, PISAOT AT A% a—NMelL, Aa{bkd 52 LICHTEHA
., ACER (the Australian Council for Educational Research)iZ, PISA d»#t& & (plausible values)
DAERRICEEEA-T,




IO SN EHEIL. PISA & PLAN. L v U LT 4 R ARy Tl 5 UL SRS L P i,
T 7zt LT PISA @ PLAN OB RSN G2 b, £Eho PLAN, #L vy P LT 43
A NUF I, RROITHI LSS o 5 A MR L THIE L, PISA &V > 7 Shik.

ERENOMBIZS £y FOMFER D720 T, ZNHORRD Ly PEAVTEEDY %7
BTN, BARIICE SHA Y v — VI 5 O EH TH S, PISA T2 = AL « v =2 7L THE
D HHEBMEE W28 FIEICBE T2 54 BT A 124 T linking variances HH#EE S, X 512,
— AP ST D PISA 57— 4% & PLAN 7 —# Z{{l] L 7= additional linkages (B L T, 2Z7%&%Y
LA ZE 3T i T2, PISA OABT — 414 2003 4, 2006 4, 2009 0%+ 7 /LT, PLAN OF —#
1. 2005 EFKD 10 44 PLAN ORE#4 i (norm distribution) 750 6D TH 5, ZhbHOfHIN
HRBERIN DDV o — U OFERIT, BH O L —H L T D,

FAFEFEDOY xR IRERERT, BRIV TR, PLAN ALy DT 4 R A - N Fw—7 b
A% PISA A =27 1% 530.1 (5 DOHEFUEIC & - TE I 52D U v — Y0 1) T, Fhid PISA
DRV T T —IZBW T L~V 3 L5, 3 DDETO validation linkages $ 1L~UL 3 ThH 5,
study linkage & validation linkage 10 U > 3 o ZZEHEE L. 2T D 95%EHEK M AL A —
— T v L EIRTHEIHEEL TS (2T v 7r— X 5 95%EE X1 PISA & L1 3
D EOFFIZAD),

PISA LUV 8 LMDy Fv— 0 2aT7 CA2T 19 ICHB LI ACT I Ly YT 4 RARS
Z— RIZOWTOEERRI 2% 5 1RT,

F4 HFIIBITAPLAN L v VLT 4 RA » Ry F<w—27 L PISA DAl

) Plausible Value | | PISA A
Linkages Average
1 2 3 4 5 Level
Study Sample 530.7 529.1 531.9 5291 529.7 53041 3 [523.5, 536.7]
Validations:
PISAZ2003 533.0 5325 5353 5333 5333 5335 3 [528.9, 540.1]
PISAZ2006 5229 5202 5202 5206 5206 5209 3 [513.1, 528.7]

PISA2009 534.9 5367 5353 5353 5342 5353 3 [5626.2, 544 4]
* %95 Confidence Interval = Estimated concordant score = 1.86*(linking error)

%95 CI’

BLOdH L —2OMEEE, XFv—2 N a—DL XAV THEHALTWAR LI, PISA DAY —
LT, TAVINREZNCT I AT EDNEND 2L THDH, $%Tid, PLAN OFFER L F~v—7
(ZHHYS % PISA A= 7® 530 12 OECD 34 W EDHF T3 THY, HIFDOPISA TR AL &1
7 65 WEDOHTIL I LR D, WLy P LT 4 XA« X Fv—7 FEEBICH T HAmn Lk
—HTHIENREND, AR END LI, ZOL UVZHEL TWO DA, BN e~—7
v NCERIIT 57259,



F#5 TAVIOH LD LT 4 FAAZ A — K Extnd 5 PISA Proficiency Level

piga’

U.8. College Readiness Standards

hMathematics

PiSA Level 3:

At level 3, students can
execute clearly described
procedures, including those
that require sequential
decisions. They can select
and apply simple problem
solving strategies. Students
at this level can interpret and
use representations based on
different information sources
and reason directly from
them. They can develop short
communications reporting
their interpretations, resulls
and reasohing.

Score Range 16-1%:

= Solve rouline one-step arithmetic
problems {using whole numbers,
fractions, and decimals) such as
single-step percent

= Solve some routine two-step
arithmetic problems

= Calculate the average of a list of
numbers

= Calculate the average, given the
number of data values and the sum
of the data values

= Read tables and graphs

= Perform computations on data from
tables and graphs

= Use the relationship between the
probability of an event and the
probability of its complement

= Recognize one-digit factors of a
number

= jdentify a digit's place value

= Substitute whole numbers for
unknown quantities to evaluate
expressions

= Solve one-step equations having
integer or decimal answers

= Combine like terms (e.g., 24 +5x)

= Locate points on the number ling
and in the first guadrant

= Exhibit some knowledge of the
angles assoclated with paraliel
lines

= Compute the perimeler of polygons
when all side lengths are given

= Compute the area of rectangles
when whole number dimensions
are given

" Adopted from Highlights from PISA 2008 Performance of U.S. 15-year-old students in Reading,
Adathematice, and Science bteracy in an international context, by Fleischman, Hopslock, Pelczar,
Shedley, and Xie {20100




4 105FFEICBITARFE - F¥ U T LT 4 FRA Ry F<w—2 L PISA2009 Math OE B 7 4 —<

N -
VO AD
Significantly ahove the Bhanghal-China 840
Collegs Readiness Bingaposs p el
Benchmark Hong Kong- 555
Korea 548
Chinese Taipei 543
Finiand 541
Li i 536
Not significantly ditferent Switzetiand &5%4&
from the College ) o
Japan 579
Reatinass Banchmark o : 37
Metherland: 826
Wacas-Lhina 525
New Zealand 5149
Belgiurm 515
Australia 514
Genmgny 513
Estonia 5§12
ificantly below ipeiand 507
m Readérmstm Banmark 503
: Bigvenia 5
Benphmark H 458
onway
Franige 487
Blowak Hepublic a8y
Aushia S5
Poiand 498
Swed 454
Czech Republic 493
Uintted Kingdom 492
Hungary 480
L0 g 489
Linited States 487
bredand 457
Portugal 487
Spain £B3
tapy pres
Latvia 452
Lithuania &7
Russian 468
Grewss 458
Croatia A8
iubai (LAEY 453
iaraed 447
Turkey 445
Herbia 443
A 451
428
Romania 42f
1 ¥ 427
Chile a21
‘Fhaiiand 418
i 418 . X
Trinidad and 414 the OECD average
Kazakhstan 408
B 403
Arganting sas wmmn Mok statistically significantly
J?Btgég ig different fram the OECD
- 381 averags
Albania kg4
Turisia x| s Bfatistically sigrificantly
Insdonesia 37 iow the OECD average
Catar 368
Paru 365
Panars 280
Kyrgyzstan i i g 331 . .
00 Ana &30 &oo TOO

13 160 200

Average 2008 PISA Mathematics Scores

Work Readiness

HEEHENRKT L2 b & 0o TRTOAEBRFIAT LR LRV, BADTEEITHIT 254
FITHEN T 0 7T MR E WD, A OO —01E, BIERAEFICET AZELE T D
L ThDH, FORBMESRZII, NI, BEORIS L 3 o DEDICHERAXANS S Z L BRI LT

AR
ACT @ WorkKeys (%, BHE N, @7 r—~ 2 A0 1280, V7 v—RL, Ji#L. £

LCHESET 20283250 A v ENT3M AT A Th D, ACT @ WorkKeys & 25 ATdh 5
BEICBWTCEOHENTLRHENTWS, Y AT LD ~ODOWRREHIT, COAXTLVNEELRHFHT



DB DT 5L Thh, ACT (T3, 18,000 =M A D4 &l A (D T v 74— « T =5
R AR Y | ZHUL, FERRBT A N T =D BN T 5 T — DRV 3 ITE T,
ZOWMFZBNTRL ZEDTERODAFILEAF VLV ERIT B 72012, ZREDOMFICELT
ERZRBIZEN R Sh, 2 LT, 2R, REEROBHRE IEO-D nz\gf% 5.

WorkKeys 72 2 A M, JoRBE, HROBRR, HROFARD | ICHE, ©VRATA4 74
YT RO A= FbU—r G TORE, £ LTHEE, NI AU A, FREE
Wo 30DV T NAFIL - TREAAY NG,

JCRBFOTEA A ML 33HBADT A FT, FRBEMNARA VEETITOMARN—A b LiEa =
—& « TARNTHD, HEFE, AR, #REREZ | 3 O RERER 0O HIl 2 ik BE O [ 4
ICET 25510, HHTH AXRAZREST S22 L2 BEBL TS, ENZHOHE TiE, %5 CEER
WA UDIMEEEE, 2 LT, HEEITI 2L 2SRFICERT 5, ISHEFEOEY, T 5 B L
JVCRE S, TNEHEVBEMETIE VLA 3 0o bEHER L~V TICESD, L-ULTEFTD
YL TRl S A2 AF L2 IR0 Adu, BVICEEL TS, LoyL 5 OHA ZEL 72 iZid L 3,
4, LT, LB DAFAELBELTLZOT, LoULb 5 BLOZFNL VAW LU L - A%
NOFHEME LT HHAT v 7OMBLEHENERENS, L 2IF, HAMETIE, HEXELDY
HECEEERL, LT, BEEHETA ZEAMLEL Lk, (flx oL ~Lic i T7%E®A
X LD
http://act.org/workkeys/assess/math/levels.html Z: )

ACT 2MEHF 5 Job Profiling process (BED7 7 74V i) 13, 4 A7 v 7 Thb, AT
v 1L, BEOBSECROEET LA EEL, BRIDOZ AT VAN TAHZETHDL, A
Ty L2 BE AT DGHTHY, AT v T I DNEDRMDZ A7 YA ML, FMFEIC L > TREICET
THRAESNh, BEShD, 2L T, TNTNOZ AL, BEDX AT I 15 TESL SN D %Y
R EEEMIC L > TRMiE b, 207 —FiL, TNENDZ A7 ORSFE (criticality raring)
ZELDHOIEH S, 20k, ZhITRESND, AT v 7 20/ RIE, EOF A7 PMEHE2E SO
WCEBENIOWTRT, KR Z AT DY A RNTHD, AT v 73, AXLOSHTHY, £2T
AX VPR HND, WorkKeys 72 A AL MTBWTH/A—EN5 ZAF VORI, FMFIC
LoTHREND, DL, EFORAXFA LR ) — LB E N EREL, ZRHD ATV
WCBEEOH AR L OELZRD D, AT v 7 413, #REREHRTHIZLETHD, Thid, AF L1
Lt WorkKeys 72 A A vk EAEHD X 27 OROBEZHENLT5H LR— N Th 5,

AL LLO—HF1X, httpi//act.org/workkeys/skillsearch.html 7555400, ke 7 izl -
THETHY, R6IUREINA, 2L xF, BAED (2515 o6, IEHEECEHL~L 6, HHO
MR EIEMOFEAIY TRV~ 5 BEREND, —T7, REREOEZE] L0 o4 Tl ISR
TRV 3 THY, TR ICERLEZE LD BN LAV R E e T & EoRT,

WL L X B WorkKeys L ~UUZIWTiEEL TWRWAELREIZ E 5 Tik, WorkKeys 3 A7 ALk L—
=V T O ERZEEEH LTS, FiiZ, KeyTrain (%, WorkKeys (2L > TEFRIND K 9 72t H DRk

BAX NG~ AL —FTHZ OO OICEINT, BEIY X2 T AMMIESNWTZFYy U T LT 1%
A« AXNVDIH DRI —Th b,




%6 BEFEIC I o THER N Work Keys A =27 (5]

Accountants 8 5 5
Administrative Services Managers 4 4 4
Advertising Sales Agenis 3 4 4
Agricultural Crop Farm Managers 5 5 4
Alrcralt Body and Bonded Structure Repalrers 5 5 5
Aircraft Structure Assembilers, Precision 4 4 5

Noncognitive assessments

ACT M b DL, THF I v 7 RO IFIZB T, MR 2 CTRINC R RiE+ 8
TRPEIEE DT D K D R O EK 2RI 48 A EiE Lz, S 612, 2o OIEMAIRERIT, £
BATDA—AT =7 0% v T O BT SEHCENLO0 b LV, HD 0, hl—=
Ve PTG AREEDOEADTZDIZ, 9 EL WL b LIV,

ACT Interest Inventory

AR VT OF TV a rEFHRDENC, HOLDAFNALCHRN S X ERIEEL E 5O\ T
WA PRD ARSI, LI LIE X EE X B L350 T, ACT X Interest Inventory Z #2135, Z i,
EANEH & L THOENEET HUERHHAF NN EZR L O RF ¥ VT 2R T2 LA
T, HIBMMED L 5 B3R R HIBED, WEMREEEZBIEONROAFO=—X vy F I
LIEE LTHRELE S5,

ACT @ Interest Inventory (X, EXPLORE, PLAN X O ACT OERRERTH V. ML 400 T A
PEDENCXY VT I T 0= TOEREEME L TND, A Xy M) —OREIE, (I BEE L
EE) (REOEE, PIEEYHORMER L) 28T 5, TAIEZBREICL > TEENICR CHOEND
FZERI 72 2 A PV TR < BIRBIERNE O TR ITNIEZR 572y, ACT @ Interest Inventory i3, {E#
M & Y M A RGET D 72 DITIRE RS SN T D, B A OHBEBRES. & B33 (RO FICE 72130
¥) OEIOEGTHZLaRmT IO Xy M) —Z2EHT L9 TIE, RFEOHH, RFEOFPLOR
B, AEFOTR., 2L HHEFEORMEE TOKFEMHEEZZLR DT 4 TR0 S E St v MIBHEN
H %, [HAD Interest Inventory DA HRIX, 7 F R N THZ 5 L 9 IZ World-of-Work @< 7" L CHlR
S SRR E L BIT 12D TIELW ) BEEZEOH T O TR, EADBIRZ A 7R
DIN—=TERTZEIE-T, F¥ VT ORRBICEPSEL L2 XETED,




ENGAGE

ACT IZZFDOMFRIZEB N T, BRAEETICSAOFRTRILZZEEV L, 8SFLEDT T I v -
TF—=TRAVEIMECDI Ly VLT 4 RAZRKREREEERET I 2RA L, EEOLT 43 A
FER, S UHEAFEENPD BDEELZ T TCND, AT T I v 7R\ T F—~  ADRR & 72
HEAMOGNTWARBELZFKT 2001, KFEPCXF YV TORDOELEDOT T I v LT 4 R ARK
FETHLLENTED, ENGAGE 7 A AL MNEITHT I v 7R ERBELTRBY, 75 Iy 77
RREOREZRMEL CW5E, LT, HORE, {2l 80102 YIgEWERO b & T FlY
B RElER, FREOMbY R EEEALTND,

ACT i#f T 5 DAEREIC ENGAGE #7 A ML, WERNOLERETOESEEZ FT v X T L, £
LT, BT T ENGAGE 28, S COMBEOE R TN LD 2 Ebnot, EBE.
HIORAELT B5 2 v 7 V5 4 XA (722 21E EXPLORE /572 &) #&EICANTH, ENGAGE i
&0 EMICEERRCEORED U A7 2 oA O E 2 BT 5B MER AR L2, K513, &
AREEOHHTHEMINATERDOT HT I v/ - 7F—T7 A b (EXPLORE) & R OGN,
&0 O &R GPA ICBIFAENETRITH A Z L& RT, LML, 7THATFI v 7 REHIZIZS
WCTRIAE 7 b DT 5,

X5 f#oER GPA % T3 5 %
Prediction of Student Success in Bth Grade

- Sehool Faclors 3%

ENGAGE Grades 59 31% o EXPLORE Composite 786%

~ Derongranhics 8%

Middie Sohool Grades 31%-

Note: Based on a linear regression mode! predicting 8th-grade GPA (R2 = 55).

HTTHEAEDOTF—T AL NCBIFAT T IV IRVT A RALET AT I v 7 IeBBEDOW ST O
BIEMEEZHRT D, A Ad, ENGAGE OT7 5 v 7784« A5 v 7 AB LU EXPLORE
DWFHFTAaT ML, 6 207 T A% E L, GPA BNIEFITEV, ERE BIXFR L L 912, EXPLORE
THEA2T 9 LRV, ENGAGE DT AT I v I/ H 7R« AT v 7 ATBWTEEL, HE L
77 A<, GPAM 3.0 ThHDH, 4fE CiLt, EXLORE TixEAaT % L -7, ENGAGE TiZ A
a7 MK, — 7 A% E L, GPA X156 Th b, 4% D ik, EXPLORE TiX 21 L @A) T,
ENGAGE Th@mA a7 79 2, EDr T AL E SFITGPA R —FEH W,



RT TATIvIREEBIPRED LT 4 RARAT EEOT T Iy 77U M KB 56

Explore
Low High
{Composite = 9) {Composite = 21)
Success Index = 3 Success Index =5
ENGAGE Sdent  High school GPA=0.41 | SM8°™  High school GPA = 1.56
Grades 6-9
Academic Failed high school Failed high school
Success Index classes =8 classes =1
(percentile rank)
Success Index =95 Success index = 99
St”ge“t High school GPA = 2.99 S“"ge“t High school GPA = 4.16
Failed high school Failed high school
classes =0 classes =0

ENGAGE 7'L'— K 10—12 & ENGAGE # L v Vb UL FHT& 5, JZ T, ACT 12 ENGAGE
Teacher Edition &MEIND —HEDO A —/LEBABLTEY, 7THT I v 7 I HEE L7 FE O
EDOTEAA L MEEE LTS, ZhEORBEIT, BT, BISN BT, 2 LT 7 A7 Iy 7 -
RT = AL EINOEEDORRI ORISR H B, DA 7 —/1 & ENGAGE 2 LTl &
NAEA, #ERE L CELAT —ZIGHE8EIN Y A7 Ob A EEE RIS L, 82 OA&FEORFTCR
a2l L, Rl Uk T MER L RBEOT ALREL, TNODIEEI T AOZEZFI L, £
FEDZNRRT AT I v 7 REBEEZRB T 210b> T, EHEZBIFT 5,

Summary

Afa & FICEET 550 AT ACT BEE EFEOBEB TR S I EFRUECT—ERAD
—EICONWT, FREIRET A THE, ACT O =74 M Tl EREFse & [HE8c. ACT 235
HRLETEAAL PBLOY—ERIZONWTO LY ZL OFERERILL T 5,



take the SAT, or both the ACT and the
SAT. Individual colleges and universities
usually do not have additional institution-
specific entrance exams. In addition, the
ACT and the SAT are given multiple times
throughout a year, and an individual
student may take one or both exams
multiple times.

Deborah Harris
ACT, Inc.

or| e
8 Z 2 Note: In the U.S., colleges and universities
52 52 set their own admissions criteria. High
88 3° school students who wish to attend college
g c New Approaches S c usually take an assessment, such as the
‘; 8 to Educational Testing ‘; 8 ACT, as part of their application process.
2= Q= However, some students may choose to
z g and ACT zg y

g E

3 =)

© ©

i i

An early administration of the ACT test
in the Old Armory Building on the
University of lowa campus

ACT’s mission: Helping people
achieve education and workplace
success.

New Approaches to

Educational Testing and AC
New Approaches to

Educational Testing and ACT

New Approaches to

Educational Testing and ACT
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New Approaches to

Educational Testing and ACT

New Approaches to

Educational Testing and A

The ACT Assessment

* The ACT Assessment program is a

comprehensive system designed to help

high school students develop postsecondary

educational plans and to help
postsecondary educational institutions meet
the needs of their students.

+ The ACT includes four multiple choice tests

of educational achievement—English,
Mathematics, Reading, and Science—and
an optional Writing Test.

¢ The ACT also collects self-reported

information about students’ high school
courses and grades, educational and career
aspirations, extracurricular activities, and
special educational needs.

What is EPAS?

The ACT Educational Planning and
Assessment System (EPAS) is an integrated
series of assessment and career planning

programs — EXPLORE (grades 8 and 9), PLAN

(grade 10), and the ACT (grade 11 and 12) —

that is designed to help students increase their

academic readiness for college and post
secondary training. The system provides a
longitudinal, systematic approach to
educational and career planning, assessment,
instructional support, and evaluation.

New Approaches to

Educational Testing and AC

New Approaches to

Educational Testing and ACT

New Approaches to

Educational Testing and A

ACT uses

+ ACT data are used for many purposes, by many
users. High schools use ACT data in academic
advising and counseling, evaluation studies, and
accreditation documentation. Colleges and
universities use ACT results for admissions and
course placement. States may use the ACT as
part of their statewide assessment. Many of the
agencies that provide scholarships, loans, and
other types of financial assistance to students use
the ACT as a measure of student qualifications.

+ The ACT functions both as a stand-alone program
and as part of the secondary school level of ACT’s
Educational Planning and Assessment System
(EPAS.)

ACT’s College Readiness
Benchmarks

ACT’s College Readiness Benchmarks are
the minimum ACT test scores required for
students to have a high probability of
success in entry-level, credit-bearing
college courses, namely English
composition, social sciences courses,
college algebra, or college biology.
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ACT’s College Readiness

Benchmarks
Test EXPLORE PLAN ACT
English 13 15 18
Mathematics 17 19 22
Reading 15 17 21
Science 20 21 24

Using the Benchmarks, the sample was
divided into three groups:

+ those who were on target in eighth grade
(i.e., who met or exceeded the EXPLORE
College Readiness Benchmarks),

» those who were nearly on target (i.e., who
were within 2 or fewer score points of
meeting each EXPLORE Benchmark),

» and those who were off target (i.e., who were
more than 2 score points from meeting each

EXPLORE Benchmark).

« Individual students’ growth goals can be
set using the Benchmarks and the growth
trajectories as a yardstick.

» For students who are off target in eighth
grade, a challenging yet reasonable goal

on successive tests is to reduce by half the
difference between the student’s score in a

given subject and the corresponding
Benchmark.
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What is Reasonable Growth in High
School?

Figure 1: Average Growth In Achlevement between Elghth and Twelfth

Growth: 4.7 Growth: 4.4 Growth: 5.6 Growth: 3.3

Scors

Wathematics Re: Sei
= 129,100) = 143,389 (M= 148.760)

= EXPLORE @ PLAN BACT

English
= 148,888)

Figure 2: Average Growth in Achievement between Eighth
and Twelfth Grades, by Degree of College Readiness
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Backwards-Wapping the College and Career
feadiness Targets

ACT/MCEA continues this process down to the lowest
1est grade-typicaily Grade 3, The trajectory defined
by College and Career Readiness Targets from Grades
3-7 and ACT’s College Readiness Benchmarks from
Grades 8-12 creates what is known as the College and
Career Readiness Ramp,
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Establishing Students’ Yearly Growth Soslbs

ACT/NCEA then identifies yearly growth goals thet s
student must achieve in order to get themselves onto
the College and Career Readiness Ramp. These vearly
goals are koown as NCEA's Growth Goals, and they
define & path for a student to reach the College and
Career Readiness Ramp in no more than four vears,

EXPLORE
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PLAN College Readiness Benchmark Equivalent
on PISA for Mathematics

i
ki i

Plausible Value PISA

) o
Linkages 2 3 2 Average Level %95 CI
Study [523.5,
— 5307 5201 5319 5291 5207  530.1 s e
Validations:
PISA2003 5330 5325 5353 5333 5333 5335 3 [ssfg'f]'
PISA2006 5229 5202 5202 5206 5206 5209 3 [é’;:;]
PISA2009 5349 5367 5353 5353 5342 5353 3 [5552'42]'
* %95 C Interval = Esti c dant score + 1.96" (linking error)
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Descriptors of U.S. College

and Cor PISA Level

PISA!

U.S. College Readiness Standards

Mathematics | PISA Level 3

Atlevel 3, students can execute clearly
described procedures, including those
that require sequential decisions. They
can select and apply simple problem
solving strategies. Students at this level
can interpret and use representations
based on different Information sources
and reason directly from them. They can
develop short communications reporting
their interpretations, results and
reasoning.

Score Range 18-19:

+ Salve routine one-step arithmetic problems (using
whole numbers, fractions, and decimals) such as
single-step percent

+ Salve some routine two-step arithmetic problems

* Calculate the average of a list of numbers

+ Caleulate the average, given the number of data
values and the sum of the data values

+ Read tables and graphs

* Perform computations on data from tables and
graphs

+ Use the relationship between the probability of an
event and the probability of its complement

* Recognize one-digit factors of a number

+ Identify a digit's place value

* Substitute whole numbers for unknown quantities to
evaluate expressions

+ Solve one-step equations having integer or decimal
answers

« Combine like terms {e.g., 2x + 5x)

* Locate points on the number line and in the first
quadrant

+ Exhibit some knowledge of the angles associated
with parallel lines

+ Compute the perimater of polygons when all side
lengths are given

» Compute the area of rectangles when whole number

are given

" Adopted from Highlights from PISA 2009: Performance of U.S. 15-year-old students in Reading, Mathematics, and
Sclencs literacy In an intemational context, by Flelschman, Hopstock, Palczar, Shelley, and Xie (2010).
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Note: “The data in this figure are adapted from
OECD, PISA 2003 Resulls: Excoulive
‘Summary (Paris: Authar, 2010). The US
college and caraor readiness banchmark
value s based on ACT analys's.
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Example of Average WorkKeys Scores Needed by Job Title
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Relative Strength of Predictors of Early High School GPA

Prediction ¢f Student Success in 9th Grade

Schodl Factors 3%

ENGAGE Grades 5931% .- EXPLORE Composite 26%

* Demographics 9%.

Middle School Grades 31% -

Note: Based on a linear regression model predicting 9*-grade GPA (R? = .56).
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Sample ENGAGE Report

Table 1. Four Example Students’ Academic Behavior and
Academic Readiness Scores and Later Academic Outcomes.

ENGAGE
Grades 6-9

Success Index = 3
Student  High school GPA=0.41
A

Failed high school
classes = 6

Student
c

Success Index =5

High school GPA = 1.56

Failed high school
classes =1

Success Index
{percentile rank})

Success Index = 95
Student  High school GPA=2.99
B

Failed high school
classes = 0

Student
D

Success Index = 99

High school GPA = 4.16

Failed high school
classes = 0

Thank you
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Sample ENGAGE Report

Summary

The intent of this presentation was to
provide information about some of
the wide range of products and
services ACT, Inc. provides in both
the education and workplace arenas.
The ACT website offers much more
information on the assessments and
services ACT has developed, as well
as the research that provides the
foundation they were built on.



New Approaches to Assessment in the 21° Century

Eva L. Baker

University of California, Los Angeles
National Center for Research on Evaluation, Standards, and Student Testing (CRESST)

Overview

This paper addresses how the predictable and unpredictable changes associated with
globalization, media, demography, and new developments in learning together make the
time exactly correct to consider how to change our approaches to testing and assessment.
The paper will discuss a few aspects of greatest salience affecting our contexts, then move
to an explicit discussion of 215t century skills and how they respond to emerging contexts. A
set of steps is offered around the design of new measures, all with the purpose of finding an
evidence-based and reasoned strategy to meet the future in the testing area. The excellent
work conducted over the years by National Center for University Entrance Examinations in
Japan, under the leadership of President Yoshimoto will serve as a frame for the quality of
our expectations.

Why is the season ripe to rethink assessment? Globalization is no longer a general and
abstract notion. It has been operationalized clearly and is at the heart of the rise and fall of
national, regional, and international economies. Globalization involves—in a minimalist
way—the current and emerging expectations for expertise in the labor force, including their
compensation expectations, the length of time of their working life, levels of support in
retirement, levels of preparation in high school and the university, and the roles and
redistributions of universities and graduate schools. At one level globalization forces
continuous benchmarking and may put developed nations, for a time at a disadvantage
relative to price and productivity.

Globalization is also fueled by technology. The massive change in the last five years of
the use of mobile and other media for work, social engagement, private amusement,
instruction, and learning has had effects in many ways. First, there are effects on the
learners, students, and adults themselves, in terms of sense of expertise, preferences for
visual or graphic stimuli, reduction in reading or other former media pursuits, television,
and film. There is also an ethos of personalization that the new media creates, an
expectation that I can choose for myself what I am interested in, and more person to person
rather than person to institution relationships. Given that formal testing, whether part of
the conduct of instruction and the determination of effectiveness is on the rise, and
selection tests have long held a strong position in the purposes of testing, both come from
an institutional rather than personal perspective. Thus they conflict with the message of
the present day media. While tests have flourished in an environment where they can
predict performance, media and technology use the currency of rapid adaptation and
change. Therefore, not only are new arrangements for assessment important, but we must



re think our present course and focus on both what and how assessment should take place.

Ideally, the goals for assessment should incorporate three components: (1) the strength
and resilience of cultural values that should be maintained, despite the onslaught of
globalization; (2) the disciplinary and practical knowledge incorporated in academic
knowledge; and (3) personal learning goals of the student, or trainee if that is the case, in
order to preserve motivation and relevance of learning. So if we agree that the learners’
expectations for personalized learning increases, we will need to consider how those goals
can be incorporated into measures.

Much of assessment consequences have been directed to the learner or student directly,
for example, in admissions and placement in institutions. More recently, assessments have
begun to play a role in the heretofore private realms of classroom instructors and professors,
providing more standardized approaches to diagnosis, feedback, and certification of
effectiveness. But the pendulum may be swinging back, toward a more individual set of
performances that will allow highly adaptive fits with desired institutions.

This context leads us to a consideration of assessment purposes as they are arrayed
now, in order to place in perspective the discussion of 21st century skills at the core of this
discussion. In Table 1 is a list of common purposes for assessment categorized by whether
the purpose is principal directed to individuals or institutions.

Table 1

Traditional Purposes and Uses of Assessment

STUDENTS INSTITUTIONS
Admissions Status
Placement Comparisons
Communication Improvement
Motivation Personnel decisions
Diagnosis Sanctions and rewards
Feedback Public and policy estimates of quality
Improvement
Certification

While purposes are a critical element of assessment (and linked as we will see to
validity evidence), a very common way of classifying assessments is in terms of their format,
as commonly experienced in schools. These include problem sets given to master procedures,
multiple choice items to sample understanding of content, projects, essays, research papers
and other student-constructed, more extended responses. Sometimes this contrast is
between objective and subjective tests (although constructed responses can be as rigorously
objective as any measure). They may also be contrasted in terms of the surface features
presented to students, for instance, paper based, manipulatives, or administered through
computer or other technological means? The computational basis of assessment, however,
involves more than the superficial form of administration, sometimes called electronic page



turning. New developments in technology permit assessments to adapt to the level of
student’s performance during a test. They may also offer either high fidelity
representations of complex situations, in social, scientific, or mathematical environments,
they may be embedded in a “game-like” setting focused on the acquisition of specific
accomplishments or qualifications. Such computer assessments can be scored in an
automated, instant way, and in fact can be composed of elements or modules and assembled
rapidly. In the near future, such assessments will be created as needed in real time.

Yet purposes and surfaces features are attributes of assessments that glide over their
real core.

At the heart of any assessment is its content: what skills, content, strategies are
behavioral manifestations of the thought processes affected by learning. The major focus of
all assessment of an educational nature is the understanding of the degree of learning that
has occurred, as determined by a sample of student performance. Our major focus now must
shift to the learning that is desired in this century.

The term “twenty-first century skills” is a widely adopted metaphor for a class of
cognitive skills and social and affective competencies that are thought to be essential for
future education and training. They are pertinent whether the goal is to develop the
individual capacity, to ready the student for further or higher education, for instance,
technical training or college, or to consider the types of skills thought to be of high value in
the current and future work environments, including the military. In many discussions of
cognitive skills the emphasis is often on the selection of individuals with generally
measured aptitudes, such as intelligence or creativity. The problem is different from a
training and education perspective. With the focus on how to change skills and proclivities,
many argue that thinking skills should be developed within the context of explicated
content domains, such as mathematics, science, and history. They may also augment the
typical definitions of skill areas, such as literacy in the national language or additional
languages. A second, relatively recent idea in workplace or academic settings is that it is
sufficient to teach a cognitive, such as problem solving for instance, in a specific domain,
such as algebra. Others, including this author, believe otherwise, and propose a phased
approach. First, attention must be directed to helping the student learn to apply the skill in
the principal areas of content. Second, to demonstrate significant competence in the domain,
performance must traverse the full breadth and sufficient depth of the content domain of
interest. Third, the focus on instruction and assessment should be directed to building and
verifying that the learner has acquired a set of principles incorporated into a mental
schema or pattern. This step is important if trainees are expected to retrieve efficiently the
key aspects of the cognitive demand rather than to memorize surface features of a
procedure (Sweller, 2003). Finally, attention is not only required for a broad range of
content, but more explicitly to the notion that the attributes of the situation, constraints,
elements of content, and quality of solution or action may in fact change simultaneously but
to different degrees. The ability to respond to such unpredictable new states is the
fundamental difference in the use of the term “cognitive readiness” as opposed to cognitive
demands or 21st century skills. The expectation is that “readiness” implies the ability to
undertake an unforeseen assignment. To achieve such readiness, the trainee or learner



must be exposed to a sufficiently diverse set of conditions, situations, and problem settings
so that their ability to transfer their learning to a new setting will be developed (relative to
applying the schema described above). In education, to date, most assessments do not
explicitly call out 215t century or less modern formulations of cognitive demands, such as
adaptation, risk taking, or situation awareness. They instead over cue on the content
knowledge itself, applied in routine settings. Even recent research (Baker, 1997a,b;
2007a,b), the focus has been on designing learning and assessment tasks in the context of
tried and true domains. This is true even when content knowledge has been improved
conceptual refinement or greater specificity (see State Standards Common Core 2010). The
continued explosion in knowledge suggests that routine contexts or notions of fixed domains
are obsolete. Learners will need adaptive skills or else must relearn all the contexts and
content to which these skills may apply, clearly an impossible goal. If adaptability to an
unforeseen future is important, and analysts predict new careers and tasks within five
years that are largely unknown today, learners must be comfortable with applying
principles and schema they have learned as well and to determine how such schema may be
modified in order to meet new requirements. Therefore, in addition to schema and transfer
performance, the learner needs to develop unforeseen new skill sets which may be
combinations or modifications of methods taught to solve problems, reason, or make
decisions. To summarize, at this point, in military training and in the world of work, the
emphasis is on the application of some of the 21st century cognitive skills, concentrating on
the variable context of emerging and uncertain situations. In educational research on
academic learning, the rendition of “uncertainty” of future context has been often limited
and focused on “transfer” situations, that is, tasks where the learner needs to apply the
skill to a heretofore unlearned situation, domain, or explicit set of constraints. The
difference between “academic” settings and military or workplace training may be in a
figure-ground difference, where emphasis on content, skill level or context is a matter of
perspective, but different perceptions have importance for the design of both learning and
assessment systems. That is, whether one primarily sees skills embedded in content or
whether one’s attention is on adapting to changing contexts will modify one’s approach to
design of assessments, and of the learning experiences that precede them. This difference
in perspective may be one useful marker for deciding whether one is in the 21st Century
Skills basket.

A Consideration of 215t Century Skills
Earlier in my own thinking of assessment design, it became clear that we should be
focusing on cognitive skills when assessments were designed. The earlier conception is in

contrast to the focus first on content and then on formulas of test formats, such as multiple
choice items. The earlier list is represented in Figure 1 below.



Communication Metacognition

Figure 1: Simplified Cognitive Demands for Assessment Design

As the formulation of 215t century skills evolved to be more complex, as the context of use
became less predictable, we must consider the sources of high performance. There are two
main sources to weigh. The first is nascent talent, traits, in other words the individual
differences that make some people more perceptive, more curious, more fluent,
characteristics that students bring to school. The second source is the skills that are
learned explicitly, whether in schools or less formal settings. Obvious, there are
interactions among traits and learning. Curious people may make excellent problem solvers.
For our discussion, we will put aside relatively stable traits, and focus on 21st century skills
that are intended to be learned systematically in programs and institutions, and are to be
measured to judge attainment for the purpose of certification or prediction.

What is the range skills included in 215t century skill sets? Any list of them is not
purely original, for they overlap in language, using related synonyms to mean similar ideas.
I have collapsed them into three major categories: (1) intellectual cognitive processes, (2)
socially oriented processes, and (3) intrapersonal skills. The first and third focus on that
can be enacted independently by the individual. These skills, may be either
outward-looking, such as “how do I scan to identify key features of a problem?” or
inward-directed, for instance, “how do I manage my own cognitive (or affective) processes to
achieve my desired goals?” For the most part, all skills, especially those tasks in schools
and training, are embedded in particular subject matter. A child may be asked to figure out
how to cross a river, using given objects and applying fundamental principles of force and
motion, including momentum and friction. A high school student might be asked to
determine the optimum shape of a figure that meets given or inferred sets of constraints. A
Naval officer might need to interpret signals and signs to determine whether to launch a
defensive action. An internal medicine doctor might need to determine a diagnosis for
muscle pain and suggest a course of action for the patient.



Intellectual Cognitive Processes

In the area of intellectual processes are those cognitive tasks that require sets of
related sub-processes to achieve a particular goal. Consider problem solving (Baker &
Mayer, 1999) which normally involves a different set of thinking skills under conditions
where the problem is clearly defined as opposed to a situation where the problem is not well
specified (Feltovich, Spiro, Coulson, & Feltovich, 1996). After the identification, and
verification of the problem, the learner or examinee must represent the problem clearly,
verbally, graphically, or symbolically and determine whether the task instructions demand
a “correct” or convergent answer or if they permit a divergent response requiring a new
combination of learned skills, or an innovative strategy. If convergent solutions are called
for, then the learner must find the optimal path and match the designer’s general solution.
Procedures to verify that the posited solution solves the problem may be related to another
task. Some of these skills have a long and relatively unchanging set of definitions, for
instance the difference between inductive reasoning (from examples) and deductive
approaches (reasoning from a premise) Work in this area goes back to classical times, but a
more recent publication by Johnson-Laird (2006) summarizes evidence in this area. A
newer principle may be the cognitive skill of search, where students are encouraged to
conduct searches, but to use a model of evidence to validate their findings. An earlier
literature, mostly in the field of information science has given way to the ability to use
search engines well, particular tips, for instance, offer at almost every university library,
and varying sets of criteria to judge quality of output (see Dragan, Tepper, & Misso, 2011 for
an example). The ability to apply criteria of quality will be increasingly needed as
technology repositories may either be “crowd-sourced,” e.g., Wikipedia, or not subjected to
any quality control. Another area of interest is the understanding of declarative, procedural,
and systemic knowledge. This understanding is critical for as noted earlier, cognitive skills
are embedded in subject matter and situations. Sources for the tripartite definitions of
understanding (What, How, and Why correspondent to declarative, procedural and systemic
knowledge) have a long history. Authors writing in this area including a series of articles by
Alexander and Judy (1988) reviewing the literature in the area, and an excellent earlier
piece by de Jong and Ferguson-Hessler (1996), on types and qualities of knowledge. These
categories have been combined with Bloom’s Thxonomy of Educational Objectives (1956) in
a revision by Anderson and other cognitive psychologists (2000).

Table 2, a list of potential 215t century skills is listed, focused on intellectual cognitive

processes. When these are engaged effectively, “on-the fly” without much preparation, they
merge into the realm of cognitive readiness.



Table 2
215t Century Skills — Intellectual Cognitive Processes

Adaptive problem solving

Decision making

Situation awareness

Reasoning, inductive and deductive

Searching for missing resources

& Ok W

Understanding declarative, procedural and systemic knowledge

In particular sub domains

Two points are obvious. First each of the lists of intellectual cognitive tasks does not
operate in isolation. A task nominally focused on one may depend upon the application of
others. For example, problem solving may require situation awareness (Koenig, Lee, Iseli,
& Wainess, 2009) and decision making (Lee, Bewley, Jones, Min, & Kang, 2009; Lee, Jones,
&Min, 2009). Second, each of the skills may take many different surface forms. These skills
play out differently in domains comprised of different principles, concepts, facts, and
routine approaches. Going back to the problem solving task area above to illustrate,
consider an ill-defined problem. A problem may be ill-defined in a number of ways. It may
be vague without sufficient information to guide strategies for a solution. The respondent
will then need to generate alternative, plausible interpretations of the problem, represent
them in an appropriate fashion and then proceed to apply strategies or procedures for
solutions. It is clear that there may be loops and returns to the beginning if the problem
identified is not what was intended by the designer. A problem might also be ill-defined
because part of it is hidden or occluded. That is, the learner may need to wade through
extraneous material to find the real problem, stimuli that might be verbal, visual or both.
The task writer may work very hard at deception, trying to lead the respondent to a wrong
interpretation. To get through this type of ill-defined problem, the learner must know
enough about the task situation and the content domain to avoid false lures. If in the
problem set-up, the designer has included explicit or less obvious constraints, then the
respondent must use skills of situation awareness to be able to focus down on the real
problem. The learner will also need to use reasoning skills, even at the problem
identification stage, if he or she is to discard less central material and determine which
variables are critical determinants of the task. At key points of a complex, multi-stepped
problem, the respondent will need to make decisions. These decisions will be made on the
basis of prior experience, knowledge provided or obtained relevant to the task, and by the
application of reasoning.

When analysts consider such skills as a “trait” or innate individual differences, they
are positing that a good “problem-solver” logical thinker, or detector of change in
environmental situations, will be able to apply these skills generally, without specific
training in or across domains. In other words, that the cognitive skills are used
independently of the particular content domain with about the same level of skill. It turns
out, however, that individuals may have their abilities bounded by related domains, for
instance, good problem solving in math will not bleed over to the same respondent’s



behavior in literature. What we are positing, however, that training that involves transfer
of skills first within a broad domain, then in varying situations applicable to the domain
and the intellectual skill, will need to be augmented by training that requires application
across content domains. Whether such a domain-independent set of performance skills can
be developed remains questionable. Each domain typically requires relatively deep
declarative procedural and systemic knowledge before the respondent can use strategies to
solve problems or make decisions. It is somewhat unlikely that ordinary rather than
extraordinary minds will acquire deep knowledge over a wide range of domains. Thus, the
plausibility of the domain-independent application of intellectual cognitive skills depends
on the limits of time, interest, and capacity to learn domains that are far afield from one
another.

Social and Interpersonal Skills

A second class of 21st century skills involves a set of socially oriented skills that include
cognition, but require its application in interpersonal situations. These competencies may
involve the collaborative nature of work on the one hand, or the ever present need to
communicate to obtain approvals for plans, to discuss and understand work and to report it
to a range of audiences. Moreover, socially oriented skills do not heavily depend upon sunny
or out-going personalities. For instance, the area of collaboration requires the learner to be
able to clarify goals of the team or collaboration, to modify behavior to acknowledge the
value of ideas, even in situations where they may differ in opinion with those in the group.

In Table 3, we provide a partial list of such skills.

Table 3
Socially Oriented 215 Century Skills

Teamwork

Collaboration

Help

Social situational awareness

ov o W=

Communication—productive and receptive

To succeed at work using the intellectual tasks listed in Table 2, the learner may need
to depend upon other people as a resource on the one hand, or provide only part of the effort
needed for a solution that will involve many players. Writers about team work (Salas &
Cannon-Bowers, 2001) have created a set of component skills that may involve providing
leadership, feedback, motivation, redirection, clarification, incentives, and effort in order to
succeed in the task. Not all tasks call for all of these components, nor should it be imagined
that any single person is required to provide all of them for a given task. But from a
learning perspective, to be a good team or group member, some of them will be required. For
example, to be a leader requires from time to time different tasks for different requirements.
Clarity of goals may be a constant requirement, but it may be wise to have a group clarify
goals rather than have the goal specified always by a particular individual. Obviously, the



manner of application depends upon organizational hierarchy and individual status. To
make the right choice, the team member must be aware of the various states of the group or
team, including their willingness to participate, their role, and other information, such as
their experience or desire to try new things. Research on the topic of the social situational
awareness is often called empathy (see Keltner, 2004). Here it is differentiated because it is
formulated as a task to be learned as opposed to an attribute that is inherent. It is clear
that interactions in the social realm, whether face-to-face, continuously or occasionally,
through media, or transmitted by text, depend upon some level of expertise in
communication. The skills are required to formulate, compose and explain important tasks
or to ask and answer key questions. Another aspect of communication is the sensitivity to
the use of appropriate language, suitable to the audience, the organization, task, and to
specific interpersonal contexts, including, where relevant, cultural issues. These then form
an evolving set of related skills pertinent to the domain of social situational awareness,
combining skills that are both intellectual and interpersonal. As interpersonal skills may
have strong experiential, cultural, and personality bases, it is unclear that they can, in
totality, be trained or taught. However, key components, for instance, communication has a
long history of being learned and assessed. Some studies look at the relationship of
receptive (listening) or reading and productive (speaking or writing) at very specific levels
(see for instance Guess, 1969) or as a more specific set of interpersonal skills (Hargie, 2006).
Vygotsky (1978) saw social interaction and communication at the heart of higher
psychological processing. Elements of collaboration or teamwork, especially understanding
and executing specific steps or roles related to identify tasks, also can be well taught. In
working on teams, the interpersonal components will develop over time, over stress
conditions, and in varied task situations. Tasks vary as those that can be completed
independently by members of a group or where each team member makes a unique and
interdependent contribution to the attainment of the goal (see Webb, 1985).

Intrapersonal Skills

Intrapersonal skills are those personal behaviors and internal thought processes that
can be systematically acquired or enhanced by instruction or learning experiences and for
which evidence of change can be directly or indirectly inferred. In Table 4, there is a partial
list of such skill sets.

Table 4
Intrapersonal Skill Sets

Planning

Self-monitoring, on intellectual tasks, including feedback
Emotional awareness and self- control

Risk-taking

Motivated effort and Attributions of success and failure
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Whereas some of these skills may be clustered under categories of metacognition, for
instance, planning, self-monitoring, and deliberate effort, others have a more emotional



component. For example, individuals can learn to control emotions, to practice a more
balanced personal demeanor through mind-body regimens, or to estimate risk and change
their propensity for risk-taking related to situations, e.g., costs, likely success,
consequences of failure. (There is general evidence that each of these can be taught to some
degree.) The social and emotional skills can be learned, and may involve attribution
(Weiner, Graham, & Reyna, 1997), self-efficacy, and resilience. These are components of
self-awareness. The process of emotional control, under stress, derives from personality
psychology (see Roger & Nesshoever, 1987 for example of measurement). There are many
examples with long research histories, for example, desensitization research, that ranges
from those documenting therapeutic approaches (Gordon & Berstein, 1973), effects of
sexism (Linz, Donnerstein, & Penrod, 1988), or the effects of violent media and games
(Cline, Roger & Courrier, 1973).

Risk taking, moderated by a sense of payoff, is another intrapersonal skill that has
more currency in the context of self-motivated actions, leadership, and entrepreneurship.
This work has a lengthy history as well (see for example, Brockhaus, 1980) and has been
investigated often in the context of management schools.

The interacting areas of effort and attribution have been well summarized by Graham
(1991), where researchers have first shown a relationship between success and attributions
to personal effort, and have developed training regimen to develop such concepts in those
who think that they have been either selected to fail or have no control over their learning.
This line of inquiry is singularly related to studies of stereotype threat and how to overcome
such perceptions by African Americans. Claude Steele (Steele, Spencer, & Lynch, 1993) has
continued to probe the role that self-perception plays to support resilience under socially
threatening conditions.

There are other elements, such as creativity, critical thinking, reflectiveness, which
may or may not be as amenable to instruction, depending upon how the construct is
formulated, and the cultural context, age, and experience of the learner. In this 215t century
skill discussion, however, these elements are imagined to be changeable through education,
training, and experience.

Individual differences apply to each of these areas, and intensive training may enhance
intrapersonal skills to a high level. On the other hand, some background differences, for
instance, experience with failure, may make it harder for training to be effective.

If the elements exemplified in the intellectual, social and intrapersonal 21st century
skills are meant to be used in educational and training situations, what is the difference
between them and the elements of cognitive readiness described, by Fletcher (2004), O’Neil,
Lang, and Perez (in press), and others? At some level, the cognitive readiness notion
emphasizes the ability to be agile, adaptive and prepared for uncertainty. While many
elements of 21st century skills also share that emphasis, it is fair to say the term “readiness”
means the ability to act in unpredictable situations. For the most part, 215t century skills
are vested in institutionally based learning, schools, university, or world of work. When the
term “cognitive readiness” is used in the military context, it engenders an image of rapidly



evolving situations, unforeseen challenge and constraints, and the requirement of rapid
rather than reflective or long-term analysis. In the cognitive readiness model, there are
some writers (O’Neil, Lang, & Perez, in press) who classify cognitive readiness attributes on
a continuum ranging from relatively easy to train to those that are difficult to train or best
considered as individual difference traits.

Towards Building Assessments

To build assessments, we start with the array of 21st century skills, intellectual, social,
or intrapersonal. The next step is to consider content to be included in the measurement.

This second step in implementing any of the three types of 21st century skills involves
the use of an ontology, or map of the content domain(s) of interest. An ontology is a graphic
representation of language with the following characteristics: a network of nodes, a set of
links describing the relationship among nodes, and a data base which will modify the
direction or arrangement of nodes and links based on performance information. If an
ontology is a graphical representation of a verbal domain to be used for learning or
assessment, what is its construed properties? An ontology features principles, concepts, key
knowledge, and procedures. These are depicted as nodes in a network. The links among
nodes have direction and meaning. They may convey, in a hierarchical representation, the
components are subsets of others, and range from desired higher order complex content all
the way down to fundamental principles and facts that beginners are expected to know.
Mathematics is an excellent area to display hierarchical strands of topical domains. For
different content, the ontology may also be structured in an appropriate, active way, where
principles, concepts and facts are linked to display in a way to convey chronology, themes,
or principles. Political history is an example of a domain that may have a structure based
on chronology. Another different structural form of a content ontology may illustrate the
relationships among nodes (containing principles, concepts, or examples) in terms of their
mutual or directional influence on one another. The strongest case of such links might be
those that exemplify causal relations. In most fields of study, one will find a mix of
relationships, some reflecting part-whole relationships, others more thematic,
chronological, or causal. In some areas, the structure may be loose where the broad domain
is considered, for example, in literature, where relationships among forms, such as the
novel or poetry may be parallel or horizontal rather than hierarchical. Yet, within a literary
form, for instance, stronger vertical structure may be found. In cases of plot or character
development, highly explicit relationships can be developed.

The structure of the ontologies must follow the essential character of the domain.
These may vary by the extent to which interpretive processes are present as opposed to
specific methodologies are intended to yield relatively clear outcomes. These domains will
also differ in the light of the extent to which they represent abstract principles, addressed
theoretically or empirically, for instance in Physics, as opposed to domains in which each
example may only be loosely joined to the next, for instance, examples of lyric poetry.
Figures 2, 3, and 4, depict ontologies that vary by content, granularity, and representation.
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Common Elements of Ontologies

Independent of structure, any ontology has particular features. First it is a graphical
representation. Second, there is no restriction about how many nodes may be linked to any
other. In point of fact, centrality of content can be determined simply by looking at the
number of nodes with the highest frequency of links. One can also determine which content
is remote, potentially non-essential because it is less well connected to more central ideas.

This operational depiction of importance can lead to direct inferences about the design
of learning systems. While some may view an ontology to be a sequence of instruction, or
the optimal arrangement of a computer adaptive test, no such inference should be directly
made. For instance, it is fashionable to use the term “learning progression” as if one truly
knew which sequence was optimal. However, only empirical study can generate stronger
hypotheses about the order of learning or of assessment for learners and settings. The type
of empirical study could be undertaken to contrast the processes followed by individuals
known to be competent in the domain with those of novices, or with individuals only
partially taught, or able to demonstrate middling levels of performance. Other empirical
work can take hypothesized arrangements of tasks and delete systematically alternative
elements in order to determine which content and processes are essential to the
achievement of desired goals.

How Is an Ontology Made?

Ontologies are usually made iteratively and made by people. Imagine that an expert in
a subject matter area were asked to represent the domain of interest in terms of its
important topics and their relationship to other concepts, principles or facts. One way of
thinking about an ontology is that we are asking the expert to externalize and to depict
symbolically a mental model of the domain. In practical ontology development, experts are
carefully selected, asked to create an ontology individually (using software, e.g. the
Knowledge Mapper developed by Chung & Baker, 1997, at CRESST) where the expert can
create the structure of nodes and links using a pull-down menu of options. When multiple
experts each develop an ontology, they can be superimposed graphically to show areas of
agreement and differences. A typical process then requires face-to-face discussions,
explanations, and reconciliation of differences by the experts, iteratively, until consensus is
reached. In addition, in the most recent research undertaking by Chung, Niemi, and
Bewley (2003) and Iseli (2011) ontology development can begin or be augmented in process
with the analysis of documents relevant to the domain. Automated extraction of key ideas
in referent texts, articles, and other documents can be achieved using natural language
processing placed in a network representation and included in the material that the experts
are to reconcile. Content ontologies are in development for mathematics from kindergarten
through secondary schools (Iseli, 2011; Iseli, Koenig, Lee, & Wainess, 2010), history (Phelan,
Dai, Valderrama, & Herman, 2011), biological science (Phelan, Dai, Valderrama, & Herman,
2011), and language arts, (Phelan, Dai, Valderrama, & Herman, 2011).



Blending 21st Skills and Ontologies

In the ideal case, ontologies of 21st century skills should be merged with a content
ontology to create an integrated architecture to guide learning and assessment. At CRESST,
we have made some progress in creating ontologies for 21st century skills, in the areas of
problem solving (S. Mayer, 2010), communication (Phelan, Dai, Valderrama, & Herman,
2011), situation awareness (Koenig, Lee, Iseli, & Wainess, 2009) and teamwork (O’Neil,
Wang, Lee, Mulkey, & Baker, 2003). Each of these ontologies is based on theoretical and
empirical analyses of the process domains. For instance, in skill of situation awareness,
research by Endsley (1995) and her colleagues was essential, and in the teamwork area,
frameworks, and empirical studies by Salas and Cannon-Bowers (2001), and O’Neil and
colleagues (O’Neil, Chuang, & Chung, 2003; O’Neil, Chung, & Brown, 1997; O’Neil, Wang,
Chung, & Herl, 2000). In S. Mayer’s problem-solving ontology, nationally recognized
cognitive psychologists were used as experts and asked to create an ontology, one that is
still under revision to refine its content and structure. It is our intention to continue to
document the process by which intellectual and social skill ontologies are developed and
combined with content domain ontology for the purposes of assessment, simulation, and
game design (Chung, Delacruz, & Bewley, 2004; Chung, Niemi, & Bewley, 2003; Koenig, Lee,
Iseli, and Wainess, 2009), marksmanship training (Chung, Delacruz, Dionne, & Bewley,
2003) and tactical decision-making (Bewley, Lee, Jones, & Cai, in press).

Unpredictable futures, however, may seem antithetical to an assessment approach that
uses ontology as the way to represent “all possible” or known content. The unpredictability
that cognitive readiness is specialized for inheres not in the details of the content, although
one might posit that less frequent or more unusual content has a place in the definition of
“unexpected.” The unpredictability may be more likely related to the unusual situation in
which an individual is placed. There, the benefit of well-learned knowledge structures is in
the rapid retrieval and testing relevancy against the situational requirements. There is not
much evidence that this is the process that leads to achievement, survival, and avoidance of
error, but there is a clear research path that could be taken to determine the components of
knowledge needed to be agile in unpredicted environments.

Model Based Learning and Assessment of 215t Century Skills Embedded in Content and
Cognitive Readiness in Unusual Situations

Design using 21st century skills, cognitive readiness and content ontologies must be
realized in assessment and learning situations and systems. Let us focus on assessment.
We have developed a model for the development of assessments and its history has evolved
since 1992 (Baker, 2007c; Baker, Chung, & Delacruz, in press; Baker, Freeman, & Clayton,
1991). In the model of assessment we begin not with content specifications, which is the
usual practice but with the selection of 215t century skills that will be embedded in the
content domain of the ontology measure. Reasons for this explicit inclusion first focus on
relevant 21st century skills can be explicated. First, it is done to assure that the intellectual
depth of processing is included on the measure as intended by verbal statements on
standards or doctrine. If not made explicit, many tests are found to over emphasize
recognition or repetitive procedures simply because those are easy to generate. Second, the



operational definitions of 21st century enables the determination of which relevant content
should be given higher weight in the intellectual skill domain. Third, particular intellectual
skills suggest assessment formats to optimize caliber of measurement. For example,
adaptive problem solving demands that the respondent create an original answer, whereas
a problem identification measure might combine selected responses, i.e., which is the best
statement or representation of the problem, with a verbal explanation about why the choice
of problem statement was made. An explicit cognitive model of the 215t century skill allows
the generation of one or more templates and or sets of modular objects that can be used on
combination to build assessments. This modular feature looks forward to partially
automated assessment design using computer-based authors systems. Next, the use of a
common model task for assessment will increase the likelihood of coherent sampling within
a domain. Construct-irrelevant tasks features (Messick, 1989) or item types that add noise
to the understanding of student performance, will be identified and reduced. This focus on
measuring the desired and relevant outcomes will affect positively reliability of findings
and help detect real change as a function of intervention or experience. Moreover, the use of
models will permit the development of subsequent extensions of the measures at a lower
cost, because there will be three sources of guidance: the 215t century skills or cognitive
demands, the ontology of relevant content, and the assessment task model. This economic
utility should not be underestimated. The templates can be reused, and different situations,
content, or response can be inserted, which will support longitudinal interpretations of
growth. However, in the case of open-ended responses, scoring criteria or rubrics can also be
reused and will greatly reduce cost. Furthermore, if rubrics are at a high level of connection
to the ontology and 21st century skills, particularly if additional progress is made in
computer-automated scoring (Chung & Baker, 2003), teachers and students can be
recipients of more transparent requirements for learning. Moreover, the blended or
integrated design of 215t century skills and content ontology has a more pervasive purpose
than just developing a pool of tasks and criteria. The dual representation of skills and
ontology can be the core of a database design that is intended to serve first as a repository
for student performance on relevant assessments. To the extent the assessments are
arrayed in a learning sequence, then the database structure may change as various
patterns of correct and incorrect answers are accumulated. The skills and ontology serve as
initial metatags for the database.

Model-Based Assessment Recap

When tasks are created using skills (either singly or in combination) and content,
either separately or in a multidisciplinary way, there are still some issues that need to be
addressed. In addition to the specification and realization of a coherent domain to be
measured, assessment design can be facilitated by using models, templates and other
components to deliver assessment tasks that are far more sophisticated than present item
formats but achieved at a very low cost. Such an outcome can be achieved because these
components, e.g., templates can be reused in subsequent tests, even in different subject
matters, saving the need for reinvention for every new examination. To illustrate, one kind
of template may involve a worked example (Sweller, 2003) which supports student retrieval
of patterns or schema rather than small bits of knowledge. Another routine, but powerful
approach is to require the respondent to explain the principle basis or “why” they selected



or constructed the answer they provided. This approach assures that examinees
demonstrate that they have deeper understanding than may be inferred from the
application of a straightforward procedure. Third, in the area of standards-based, or
criterion-referenced assessment intended to measure a domain of expertise, procedures
must be put in place first to assure that the marking of performance adheres to the skill
and ontology demands in a reliable and accurate fashion. Second, a procedure needs to be
developed to value the score obtained. In an admission setting, these procedures may
involve ranking students or creating standard scores that translate to normal distributions.
The alternative may be a set of comparisons between expert and novice performers.

Technology Challenges

As technology develops, it presents some challenges to current design processes as well
as to accepted procedures for determining reliability and accuracy. In technology tasks, in
simulations, for example, each assessment may be scenario-based, and a considerably
longer task. Instead of having many items, the basis for most psychometric analyses, only a
relatively long, interdependent task or two might be used in a technology setting. Research
is needed to develop new ways to establish the quality of such tasks.

Validity Minimums

The approach to validity and other relevant instances of technical quality should be
explicit. Validity is purpose driven. Validity is a chain of inferences linking the purpose of
the assessment to data and subsequent inferences about the quality of decision the
assessment yields (see Messick, 1989; American Educational Research Association,
American Psychological Association, & National Council on Measurement in Education,
1999), with different purposes, types of data, and relevant inferences will vary. If the major
use of data is formative assessment, for instance in order to help the designer to decide how
a simulation or game should progress based on learners’ prior performance, then the data of
interest will be relatively granular, focused on misconceptions, hesitations, and errors that
need to be addressed in a revision of the system or perhaps just relevant to the alternative
paths provided for individual students. If the data were to be used to assess the acquisition
of a set of skills for certification, or accountability, on the other hand, then the validity data
would need to determine whether those skills were also represented in the repertoires of
the skilled or performers or other individuals who had nominally achieved the desired goals.
If the purpose were admissions testing, the assessment is used to make predictions, both
the quality of the predictor and the predicted criterion measures must be subjected to
empirical scrutiny. In addition, if public reporting for accountability were of interest, for
instance, to categorize schools in terms of their own effectiveness, then information about
learner, student and teacher, groups, mobility amount and types of instruction, and
different levels of satisfactory achievement would be considered to infer validity. In all
cases, however, data management systems would be needed to report outcomes to designers,
teachers, or policymakers. They would need to be organized so that progress along skill
dimensions could be tagged, as well as other potential variables such as content, situational,
and linguistic complexity. This database function refers back to the larger use of ontologies,
recalling that they serve not only a graphical representation role, but guide the design of



ongoing data management systems and reporting. In any case, a series of procedures can be
used to establish quality. These procedures include (1) expert review of alignment to the
target ontologies; (2) think-aloud protocols to determine whether expected learner
processes are being applied in task examples; (3) identification of critical paths of actual
performance; (4) psychometric studies of reliability, dimensionality, and fairness (total
scores and diagnostic subscales); (5) usable by targets: teachers, students, administrators;
and (6) validity evidence established before wide application of assessment.

Changes

Birthrates in Japan, South Korea, Taiwan, Hong Kong, Singapore, and most other
parts of the developed world in Asia and Europe have dropped significantly below
replacement levels. Aside from countries with strong religious inducements to have
children or in poorer countries in Africa, numbers of students available to higher education
may change. It is possible that families with fewer children may invest more in their
intellectual capital and thus, the lower birthrate may not translate directly into fewer
numbers of high-quality students for higher education. However, it is likely that except for
the highest quality institutions, the quality of students applying for higher education may
drop. Two predictions may be made about this view of the future. One is that stringent
entrance examinations may only apply to a far smaller set of institutions (and a far smaller
set of applicants) than in recent times. The second is that students will accept, in the name
of cost containment or convenience, lower quality educations, for instance, consistent with
some current mass market online institutions today and not seek admission to heretofore
desirable institutions. As an aside, in the U.S., the birthrate is approximately two children
per woman, and “replaces” the current population. Nonetheless, a similar phenomenon may
be occurring as in countries with lower birthrates because of the historical difficulty in
educating the majority of poor students to a high level of competence. Thus, unless there is
a dramatic breakthrough in educational strategy, the numbers of highly qualified students
applying to higher education may similarly drop.

In these cases, what are the options for systems that heretofore relied on entrance
examinations to sort students. It seems as if, among a number of options, two appear to be
probable and viable. One is to transform admissions tests offered on a national level to
placement tests, that may be used to match students to institutions on the one hand, or to
determine which entry level courses the examinee may qualify for. The second, related
option is that instructors or professors in higher education who has benefited over the years
from having well-prepared, motivated students, will now have to learn to conduct classes
where they must adapt their teaching to reach less competent students. The risk in these
scenarios is that the overall quality of the output of higher education could considerably
drop. What may happen is that elite institutions of higher education may attract students
from other countries, or in a broader context, countries with excellent reputations could
well attract the top tier of students to their colleges and universities. A variety of
adaptations would be required to deal with less homogeneous students, either intellectually
or culturally.



Conclusions

So what may be the impact of uncertainty on admissions examinations? First we would
assert that achievement is more than selection and purposes such as placement and
certification may need to replace the current models. Second, that learning is a continuous
process, not stopping with the success on a test. Twenty-first century skills will form an
important content base for the future. These skills will have to be relearned in new contexts,
new applications, new job requirements. It is very possible that that the assessment and
examination process will be replaced and utilized in situations that are now formally
beyond institutional settings.

Within the current context, examinations may match individuals to best available
programs, identify and support undiscovered sources of talent that may meet varied
institutional missions. The choices will be to determine and experiment with
unconventional uses of assessment, to balance choice of students and flexibility versus
control of educational institutions. The findings of examinations may also be analyzed and
reported differently, using new techniques of data capture and modern analytics to pinpoint
accomplishments and further needs.

Summary

What has been predictable may not be any more, because careers and content are
exponentially changing in shorter and shorter times. Because of changing economic and
work environments, the new focus must be on learning, in schools and throughout life. At
this point, 21st century skills, content ontologies, and new methods of assessment design
will be one strong pillar in support of essential learning of emerging, unpredictable
requirements

This chapter has provided perspectives on 215t century skills and cognitive readiness,
justifying our interest in them in the face of increasing uncertainty. The set was divided in
three ways: (1) intellectual cognitive skills; (2) socially-oriented skills, and (3) intrapersonal
skills. Comments related to selection or training of these skills was followed by an analysis
of the term “cognitive readiness” and its intent in explicitly dealing with details of transfer
and preparation to confront unexpected requirements. The role of content domains with
respect to 215t century skills was treated, and a method for representing the details of
content was developed. The graphical approach to representing content was defined and
described in the concept of ontology or a symbolic representation of content, relationships
and structure. Uses, experiences and research options were discussed with regard to
ontologies as a method for identifying important skills for assessment sampling and for
learning design. A brief acknowledgement of the need for ontologies for 21st century skills
was described with topics of current work. The approach to creating assessments based on
21st century skills and content ontologies, “model-based assessment” (Baker, 1997b, 2007a)
was described in terms of its utility in creating higher level tasks, increasing technical
quality of measures and reducing cost. A brief discussion of validity included the key
notions of minimizing construct-irrelevant variance and drawing correct inferences related
to purpose. A discussion of an extension of the database development of ontologies was



presented. It is a more complex formulation of the relationship of individuals to explicit
aspects of learning: skills, content, linguistics, assessment formats, experiences, and
developmental trajectories. This strategy may have relevance as more automation of
student experiences is systematically accomplished. All mechanics of design of learning and
assessments ultimately hinge on the number and qualities of the students who present
themselves for examination. In the face of changing birthrates, and new expectations in a
globalized world, the future of examination systems is sure to change, but in change remain
robust.
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Overview

Finding the way forward

NCUEE-OSCA 1

Why Is the Season Goals for
Ripe to Rethink Assessment
Assessment?

» Advent of 21st century skills linked to global
standards for university and workplace

+ Proliferation of technology and learners’
expectations and expertise in use of
technology

* New strategies for design, monitoring, and
validating innovative tests

NCUEE-OSCA3

Towards a New Paradigm of
Assessment Design

New Goals for
Assessment

IR TR e EBSY T ME
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Traditional Purposes and Uses

of Assessment:
STUDENTS INSTITUTIONS

Admissions Status

Many Think of
Tests as Differing
in Format Only

Placement Comparisons Problem sets

Communication Improvement Multiple-choice

Motivation Personnel decisions Paper-based

Diagnosis Sanctions & rewards Computer-administered assessments

Feedback Public and policy
estimates of quality

Projects, research studies, portfolios
Improvement

Certification

NCUEE-OSCA7

Some Innovations in Testing

Computer-adaptive assessments
TO LEARNING!

Simulations & games integrating separate

st il
skills and challenging problems 21 century skills

Content
Automated assessment development and

scoring Criteria to judge quality of performance

e A range of situations
External qualifications, badges and other g

verified performance Tasks of increasing demand and complexity

TRANSFER—new situations, new combinations of
Skills and content

Disincentives to memorize

NCUEE-OSCA9

A Simplified Cognitive
Model for Assessment Design

Assessment Design for
21st Century

Starts with key elements of performance—what and how
students learn and what are a range of desirable
attributes, accomplishments and skills

1. 21st Century Skills or cognitive demands

2. Content domain represented in an ontology
3. Blend skills and content together

4. Incorporate in tasks and tests

NCUEE-OSCA 11
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. Simplified Cognitive Model
for Assessment Desigh—
Admissions

| Prediction s

NCUEE-OSCA 13

Expanded 215t Century Skills:
Cognitive, Social, Intrapersonal

NCUEE-OSCA 15

Content-Ontology-Based
Architecture

« A content ontology represents graphically domains
or standards and their components

Created by experts and expert materials

Use links, nodes in a domain(s) and their definitions
commonly in a network

Depict relationships among the links and nodes, including
direction and importance

Define a relational database ot tasks, student
performance, and subsequent achievement

Data allows CHANGES in content or relationships among

tasks to be monitored and reflected

Guide redesign in a transparent way-evolving concepts of
content

NCUEE-OSCA 17
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Measures of 21st Century Skills:

Cognitive Traits or Achievement ?

+ Aptitude
* Reasoning, creativity

* Learned

* Key problem solving skills in domains
« Interaction between aptitude & learned skills

* Ability to create new solutions, overcoming
unexpected barriers in a range of new situations

NCUEE-OSCA 14

Why Focus 21st C. Skill First?

+ Ensure that important and challenging thinking
skills in learrning and assessment

Reduce cost of expanded or subsequent test
development

Improve validity
Communicate goals to secondary schools

Help students ultimately to achieve transfer to
a new domain

Physics Ontology

Abody inmotion
g% remains in motion
unless.

NEWTON'S
LAWS

Thitd Law raciing boc
equal but oppos

NCUEE-OSCA 18



Ontology Design Ontology Use

Specifications
definition
Relevant texts

requires requires
g requires

Xelated—lo

NCUEE-OSCA 19

Z. Content Ontology of
Beginning Algebra Used in
US Experiments

Uses of a Content Ontology

Clarify content domain and relationships
First-cut at content validity

Guide design and review of learning and
assessment

Modify by data, experts, computer natural
language extraction or combination

Subiject to evidence-based improvement

NCUEE-OSCA 21 © Regents of the University of California

Blending cognitive-ontology

) Dynamic Bayesian Network
architecture ,

655 - Mgt & B Voo

* The ontology is an integrative frame - a level of
a learning database

»  21st Century Skills: problem-solving, reasoning,
communication

Knowledge: declarative/conceptual/procedural/factual
for content and age ranges of choice

Alternative formats and technical quality data
Affective behaviors

Alternative learning sequences, schemata
Situations for learning & transfer

Data accessed by separate or combined metatags

NCUEE-OSCA 23
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NCUEE-OSCA 25

Model-Based Task Design

Sample from a defined universe of tasks and items
based on skills, content, and on ways of
measuring: models, templates, and scoring guides

Reusable components result in time and cost
savings, quality improvement
Growing evidence base of technical quality

Designed by computer or person, for either paper
or computer

Use for range of testing purposes

NCUEE-OSCA 27

@ Regents of the Universit

Models and Templates

« Contain empirically verified scoring criteria for
essay or open problems, wrong answers/
distractors, computer algorithms for scoring,
weighting, and adapting learning sequence
of tasks

Mix of tasks, some long, some short should
be included to reflect different difficulty of
skills to be learned

NCUEE-OSCA 29
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Analysis of Performance

Redefines ontology

Redefines relationships within a content
domain

Changes content and 215t c. skill relationships

Ontology adapts as new data patterns
emerge

Templates or Models

* Drawn from measurement experience and
learning research

s Partially worked examples

* Focus on difficulty in procedural or problem
solving (Sweller, Mayer)

Support the development of schema, key to
expert performance, reduce working memory
load

« Explanation of principles
*  Why, not what, choices have been made

* Supports metacognitive and review

NCUEE-OSCA 28 @ Regenls of the Universily of California

Current Technology

Challenges

+ Longer tasks or scenario-based assessments
integrated

* Design and analysis rules to assess comparability
or equivalence (fairness & reliability)

Sampling
Memorability

Automated-scoring focused on meaning

Hacking




Validity Minimums

Validation of measures
* Expert review of alignment to the target ontologies

¢ Think-aloud protocols to determine whether expected
learner processes are being applied in task examples

Identification of critical paths of actual performance

Psychometric studies of reliability, dimensionality and
fairness (total scores and diagnostic subscales)

Usable by targets: teachers, students, administrators

Established before wide application

NCUEE-OSCA31

http://www.cse.ucla.edu

Eva L. Baker

email  baker@cse.ucla.edu

NCUEE-OSCA 33

@ Regents of the Universit
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Summary: Future is Uncertain

What has been predictable may not be
Careers and content are exponentially
changing

New focus is on learning, in school and
throughout life

218t century skills, content ontologies, and
new methods of assessment design support
learning of unpredictable requirements
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Discussion: Validity Issues for Next Generation NUEE

Joan L. Herman
National Center for Research on Evaluation, Standards and Student Testing
(CRESST)
UCLA Graduate School of Education and Information Studies
November 18, 2011

The conference presenters have shared new tests and products they're
developing and raised some intriguing approaches and possibilities for University
Entrance exams and particularly the National Center’s Test:

Dr. Kyung-Ae Jin has shared Korean Institute for Curriculum and Instruction’s
(KICE) plans and progress in developing an innovation new National English Ability
Test (NEAT). NEAT recognizes the need to go deeper in assessing students’ ability to
apply their language skills in a variety of contexts and to incorporate performance
assessment to assess students’ speaking and writing skills. NEAT also is very
innovative recognizing the different levels of competence students may need,
Academic level II, or practical level III, depending on students future plans; in its
use of technology and cloud computing, and in its score reporting.

Dr. Deborah Harris has shared the rich portfolio of products and services that ACT
offers to support students achieve success in education and the workplace. She
described a series of products that backward chain from college readiness based on
the ACT admission test to assessments and benchmarks to monitor and support
students progress from elementary through middle and high school. She also
described innovative ways in which ACT data are being used to benchmark students’
proficiencies nationally and internationally and to support program evaluation and
policy development.

Dr. Eva Baker has outlined fundamental new ideas for a new generation of learning-

and ontology based assessments of 21" century skills. She makes a strong case not
only for the skills beyond traditional academic knowledge that students will need for

future success, and lays out designs that start with specific types of 21" century skills

and then embed academic content within them. She also raises important questions
about the potential functions and future of admissions tests such as the NUEE.

Dr. Masami Zeniya has provided the rich history of high school and university
admissions testing system. Dr. Zeniya also has underscored the functions that
different kinds of tests — for example international comparisons — play in education
policy and noted the limitations of the current admissions tests. I believe his

presentation too can calls for the incorporation of 21" century skills into the NUEE
and for leverage the test to support the development of a broader set of student
capabilities.

Together, these presentations raise many rich ideas for creating a next generation NUEE
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and create a rich menu of possibilities for subsequent National Universities Entrance
Examinations. In discussing how NCUEE might evaluate the utility of these ideas and
suggestions various ideas, I'd like to raise some very basic issues for consideration.

My discussion will address three major points:

1. The meaning of validity, the term the measurement community uses to
characterize the quality of an assessment: Validity is the ultimate measure by
which any new approach to the National Center Test needs to be judged.

2. The motivation for changing NUEE: Why change NUEE? In judging the
adequacy of any of the approaches or ideas my colleagues have presented, I'd
like to propose that NCUEE carefully consider what purpose each new
approach is intended to serve. Does it address a real problem with the current
admissions test? How will it improve the test, improve its use and
consequences?

3. The success criteria for any change: How will NCUEE know whether any
changes it makes are successful? I'd like to encourage NCUEE to look ahead
NOW to how it will judge whether any new approach, any new instrument, any
new system really works and 1s worth it. These questions bring us right back
to 1ssues of validity.

Validity and Consequences of NUEE

Validity, as [ have mentioned, is the term that the measurement community uses to
denote quality in educational assessment. Based on the Standards for Educational and
Psychological Testing (AERA, APA, NCME, 1999), validity is derived from a variety of
sources of evidence documenting the extent to which:

the assessment measures what it is intended to measure; and

the assessment enables appropriate and accurate inferences for intended decision
making purposes. That is, the scores well serve the purpose(s) for which the test is
intended.

By this definition, an assessment itself is neither valid nor invalid, but rather validity
is established for particular test purposes. An assessment may have a high degree of
validity for one purpose but have little justification for another.  For example, scores
from admissions test may do a great job of identifying the most highly gifted students for
admissions into a premier institution, but be of little use in identifying the floor for those
who are minimally competent to succeed in 2-year colleges or in diagnosing and placing
students to respond to their learning needs.

Further, in modern theory, validity is established not only through the accumulation
of a variety of evidence sources, but moreover by an explicit argument that lays out and
substantiate the chain of reasoning and specific evidence that justifies the use of the
measure (See, for example, Kane, 2006).

Validity argument for admissions tests. In thinking about the claims and chain of
reasoning supporting the use of a test, consider the building blocks for a measure serving
any specific purpose (See Figure 1)
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you must design a test and the items on it so that they will likely
yield accurate and appropriate score inferences

that will support the decisions and uses for which the test 1s intended.

[INSERT figure 1 about here]

Figure 1: Validity Argument Components

Test Design Quuality of Score Test Use
Inferences

Or, starting at the end point of Figure 1, you can think of the validity argument as
backward chaining from:

the inference(s) you need to draw from a test’s results to enable the decision or
use the test is intended to support, to

the qualities that the scores must possess to enable the intended inferences, to

the characteristics of the test and item design that can enable the intended score
inferences.

Similarly, one can consider a validity argument as a series of if-then statements that
need to be satisfied — throughout the test development and validation process — to justify
the specific use of the test.

What might a general validity argument look like in the case of an admissions test?
First, the test should be designed to accurately and fairly measure knowledge and skills
relevant to college admissions, presumably the knowledge and skills that reflect college
readiness and ability to succeed in college. The perspective is not only looking back
toward how well students have learned the content of their high school courses, but also
may look forward to what the capabilities and dispositions that students need for
subsequent success.

Ideally, what students learn in their courses prepares them for subsequent
success, but, like the speakers, I will have more to say about this below. The test must
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be designed measure knowledge, skills and dispositions that have been determined
relevant to college admissions and college preparation, and the validity argument requires
that there be evidence that the test actually addresses these constructs. Such evidence
can be collected early in the test design and development process through alignment
studies and used, if necessary, to strengthen the test’s representation of relevant
constructs.

However, appropriate test design is necessary but not sufficient: student
responses to the test must result is scores that are sufficiently reliable, precise, fair and
appropriate to yield accurate inferences about students’ college readiness. Here standard
psychometrics, differential item functioning, and relationships between convergent and
divergent measures of the same construct provide evidence for such claims.

But because we not only want to measure college readiness, but to use scores for
admissions decisions, students’ test performance on the test should relate to students’
subsequent college performance. The rationale for using admissions test as part of
admissions decisions is that the scores provide objective data that enables colleges and
universities to differentiate those who have relatively more and less merit and who are
relatively more and less likely to be successful in college that those who score less well — or
who score below a particular cut point. That is, the scores should predict success in
college. Otherwise, why should the scores be part of admissions decisions? Relevant
evidence to support these claims in the United States typically examines the relationship
between admissions scores, subsequent college grades and/or college completion and
examines the extent to which the admissions scores:

Without bias, differentiate students who are likely to be more or less successful in
college, in post college life, and/or

Differentiate students who have more or less ability to succeed in particular disciplines
(e.g., mathematics, physics, arts)

(see, for example, Bridgeman, McCamley-Jenkins& Ervin, 2000; Noble & Sawyer, 2002;
Sackett et al., 2009)

[ INSERT FIGURE 2 about here]

tise of
HLOTES ay
have other
anseguends

then

—132—



So in summary, the general claims in this scenario are:

General claim 1: The test is designed to measure intended constructs for its intended
use —in this case preparation for college (and perhaps life?) success.

General claim 2: Scores on the test yield fair and accurate inferences about students’
college preparedness.

Claim #3: Scores are associated with success in college and/or predict who will be
more and less successful in college (and life?)

When there is evidence supporting each of these claims, then the use of the scores as
part of admissions decisions is justified.

Note that the evidence that 1s gathered to validate and justify the use of a test also may
1dentify weaknesses that can have implications for subsequent test refinement and use.
For example, if evidence suggests that some items are biased, those items would be modified
or replaced. Findings that scores over or under predict college success for individuals from
particular subgroups, e.g., girls relative to boys, could influence decision rules for
individuals from these groups.

Further, in addition to the use for which the test is actually designed and intended, we
know from research that high visibility tests are also likely to have other consequences
(See, for example, Herman & Baker, 2009). Because admissions test performance is very
important to students’ future opportunities, the test is likely to influence what students
study and what teachers teach, as I describe further below.

Other consequences. Beyond its ostensible purpose, what other consequences does UEE
likely have? Based on research from around the globe (see, for example, Herman, 2010;
Hamilton et al. 2007), we can say with some certainty that: admissions tests signal to K-12
teachers and students what is important to teach and learn, and, at least in the United
States, the K-12 curriculum tends to focus on what’s on important tests.

Moreover, again, based on data from the US, it is not only the content of the test that
gets modeled, it is the test formats too: curriculum merges into test preparation
exercises, which can be very narrow. We also know that text book publishers adapt their
materials to what 1s on important tests and that other services pop up and adapt their
methods and materials to prepare students for these tests. Japan’s jukus and jobikos are
a case in point.

Important tests clearly motivate both teachers and students to do well — or at least
motivate those who believe they can do well and are interested in college. And because of
these collective consequences, changes in important tests can leverage changes in the
broader educational system. Indeed our speakers today have underscored the ways in
which changes in NCUEE could support productive changes in K-12 education in Japan.
For example, Dr. Jin has mentioned the role that NEAT is expected to play in supporting
the transition to Korea’s new language development goals and curriculum.

Core Questions for Next Generation NUEE

So, that brings us to core questions for any revisions that NCUEE might want to
undertake: What is the purpose of any new approach to the NUEE? What are the
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primary issues or problems that the redesign is supposed to address? To address this
general question, I suggest NCUEE consider evidence of how well the NUEE currently is
serving its intended purposes and to the consequences it currently is having. In
speculating on these issues in light of the conference theme, I'll be drawing primarily on
evidence from studies of testing in the United States.

Measuring the right constructs? A first question centers on the extent to which
NUEE is addressing the right constructs: 1is it designed to measure the knowledge, skills
and dispositions that students need to acquire to be successful in college and in life? Here
I draw on research in the United States conducted by Dr. David Conley.

Based on a national survey of student engagement administered in more than 725
colleges and universities and an analysis of syllabus requirements for freshman courses,
Dr. Conley documented students’ need for four categories of knowledge and skills to be
successful in college (see Conley, 2008):

1. Academic knowledge: the foundational content knowledge and skills that  students
need to acquire in core subjects;

2. Cognitive strategies: the ability to formulate problems, conduct research, analyze
data, see patterns, find relationships, organize and communicate findings.

3. Academic behavior: largely meta-cognitive kinds of strategies, e.g., study skills, the
ability to work independently and to self monitor and respond to one’s progress

4. Contextual skills, such as collaboration and team work, social skills, knowing what’s
required for college.

In a separate, recent survey of college professor’s reactions to the US’s new Common
Core State Standards in English Language Arts and Mathematics, Dr. Conley examined
both the areas of agreement and gaps between freshman course expectations and the
Standards (Conley et al., 2011). He found that faculty generally endorsed the new
standards conception of academic knowledge and cognitive strategies, but called for more
attention to students’ speaking and listening skills.

Dr. Conley’s general findings echo points raised by each of today’s presenters. For
example, NEAT, as described by Dr. Jin, has been developed to provide a balanced view of
students reading, writing, listening and speaking skills and to address academic language
skills in the context of real life applications and communication. Dr. Harris noted that it 1s
not only academic knowledge that explains students’ college success (see also Schmitt et al.
2009) and described ACT’s work to develop measures of student engagement to address
additional capabilities such as metacognition, social skills and collaboration. She also
shared ACT research showing the impact of these skills on students’ success. Similarly, Dr.
Baker and Dr. Zeniya also especially noted the range of capabilities that constitute students
readiness for college and life.

NCUEE, I suggest, should consider: Are these domains that NCUEE ought to be more
comprehensively addressing?
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Measuring skills students need for 21" cen tury success? Similarly the deliberations of
global businesses, the analyses of economists and labor market specialists, and the accords
of national and international stakeholders across the world lead to a general consensus that

academic knowledge alone will not prepare students for success in the 21" century. (See,

for example, ATC 21, Partnership for 21" century skills, OECD, European and Asian
nations). Businesses in the United States tend to agree on the kinds of skills they are
looking to fuel their global competitiveness: 1initiative, innovation, ability to solve complex
problems, work in teams, be adaptive problem solvers. Moreover economists note the
kinds of living wage jobs that are increasing versus those that are diminishing in frequency
(see, for example, Levy & Murnane, 2005). Jobs that call for routine, repetitive skills are
being automated, but growing job categories feature those that require abstract thinking,
adaptive problem solving, teamwork and communication. That workers can no longer
expect to stay with the same company or in the same job for a lifetime means as well that
individuals must be both adaptable and life-long learner, able to learn quickly and
efficiently.

A recent US National Research Council that I chaired on assessing 21" Century
Skills (Herman & Koenig, 2011) synthesized available lists of these skills into three, major
inter-related categories:

Cognitive skills, such as adaptive problem solving, critical thinking, systems thinking,
innovation

Interpersonal skills, such as communication, collaboration, cultural understanding

Intra-personal skills, such as metacognition, executive functioning, and motivation.

To these, I also would add ICT literacy as a basic theme that crosses the above three
and continues to radically change the way we live and work.

Like the skills needed to be prepared for college, all three speakers also noted the

need to address these kinds of 21" century skills. Dr. Baker was most direct in laying out
the categories and proposing a test design methodology that started first with defining the
nature of these types of skills and then embedded content into their assessment.

Sending the right signal to teachers and students? In addition to measuring the
right constructs, a second question [ would ask is whether the NUEE is sending the right
signal about what is important for students to know and be able to do. As Dr. Jin
described, NEAT in large part is being developed to serve this function, to strongly
communicate to teachers and students Korea’s new English language development
curriculum and the need to incorporate writing, speaking and other real-world applications
into students’ on=going teaching and learning. Because the existing language test did not
integrate these features, teachers and students had little motivation to move to the new
curriculum. Research, in fact, consistently shows that teachers and students focus on what
1s tested and tend to ignore or under-emphasize curriculum content or standards that are
not tested (Stecher et al., 2000), so by changing what is tested, policymakers functionally
are likely to change what is taught.

What and how does the current NUEE signal what is important for students
to learn? Consider:
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Does NUEE focus on important capabilities, knowledge and skills that will transfer
and support students’ success in college, in life?

Does 1t include a balance of academic and authentic applications, of academic content,
cognitive strategies and behaviors?

Is it transparent? Do teachers and students know what is being measured so that
they can prepare for it?

Does preparing for the NUEE encourage cramming or learning deeply?

In the United States, the issue of test format is very much bound up with what a test
signals. Teachers tend to believe that multiple-choice items only measure lower level
cognitive skills, even though such items can be designed to address complex thinking and
convergent forms of problem solving. Because of these beliefs, when multiple choice
formats predominate, teachers tend to focus classroom curriculum on lower level skills and
drill students on the types of knowledge they think will be on the test. Teachers and
students also spend time developing and practicing test-wiseness — so-called test taking
skills directed solely at discerning the most efficient and effective strategies for approaching
the specific item types found on the test and at how best to guess the right answer when you
do not really know the right answer. These types of exercises do not build knowledge and
skills that are transferable outside of responding to particular types of tests and therefore
do not reflect meaningful learning.

The point 1s that it 1s not only what is tested that is important, it is how teachers
and students understand what is being tested, what teachers and students think is
being tested, that influences how they prepare.

Moving Ahead to A Next Generation System

And so I move from possible problems or challenges that any new approach or
addition to the current NCUEE might want address, to a consideration of the specific
approaches and issues my colleagues have discussed during this symposium. I suggest
NCUEE might want to evaluate their applicability through another series of questions:

First, why change the NUEE? What is the problem the change is supposed to solve?
NEAT, as described by Dr. Jin, is supporting the transition to a new curriculum and
Iincorporating new item formats and a state-of-the-art technology platform. ACT, as
described by Dr. Harris, seems to be moving from its original focus on college admission
testing to a developmental testing and instructional support system to help prepare middle
and high school students be better prepared for college; Dr. Baker highlights the importance

of incorporating?2 1" century skills in admissions test, calls for broader roles for the test, and
describes an innovative new approach to test design. Dr. Zeniya’s history of admissions
testing in Japan suggests that the country has moved from an elitist approach to higher
education to a situation where there may be more places in universities and colleges then
there are qualified individuals to fill them. Like Dr. Baker, he too emphasizes the need to

incorporate 21" century skills more strongly into NUEE and to consider broader functions
for the test.
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Second, given that the purpose of any change(s) is clear, what is the chain of
reasoning that connects the specific changes being proposed for NCUEE to the desired
outcomes? There are at least two major chains of reasoning here. The first is the claims
of the validity argument that need to be substantiated to justify the use of the test for
admissions and/or additional proposed purposes. As I have discussed, in constructing the
major claims, it often is useful to backward chain from the specific uses and purposes for
which the test is intended, to the characteristics of the scores that will support that specific
use(s), to the test design features and constraints that will need to be in place to produce
the needed scores.

While there are many possible uses and consequences that NCUEE might want to
foster, let’s me suggest some of the claims that any NCUEE innovation might want to
support:

Better measures college readiness, better predicts college success

Better measures preparation for success in the 21" century
Fairness for diverse subgroups

Enables better and fairer admissions decisions

Improves K-12 curriculum and teaching and test preparation
Improves alignment between K-12 and University expectations
Informs University placement and teaching

Improves/deepens student learning

Improves students’ preparation for college and life

In addition to chain of claims that validates and justifies the use of scores from any
next generation NUEE for admissions and/or other purposes, there is another chain of
logic that needs to be considered. This second one 1s more socio-political: 1t is the
theory of action for how and why the new test will accomplish its goals and intended
consequences — and avoid unintended consequences. NEAT provides one example: if
the test is intended to motivate teachers’ and students’ transition to the new national
curriculum, what is the chain of action that will accomplish this purpose? What changes
are expected in classroom curriculum and instruction and in student learning
opportunities? How are teachers and students expected to change what they do? Given
that these changes are expected, what needs to be in place to support this change? For
example, I mentioned earlier that it is not only what a test actually tests that is
important, equally important is how teachers and students perceive the test and how
they understand what 1s being tested. This suggests the importance of communication
through various channels, the availability of new materials, professional development,
score reports, etc. so that teachers can and will implement the new curriculum and that
students will have opportunities to learn the new curriculum and that, as a consequence,
students will acquire deeper capability in academic language and practical language
applications.

These two chains of logic provide the basis for both planning for and evaluating the
success of any proposed change to NUEEE. The chain of logic justifying the use of the new
test undergirds the validity argument, and the chain of logic laying out the theory of action
provides a framework for planning and evaluating the implementation and impact of the
new tests.
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Summary and Conclusion

In conclusion, here is a summary of my thoughts and advice about potential
new approaches to NCUEE that symposium speakers have so well presented:

Start with the purpose of any NCUEE redesign and what are its intended
consequences. This sense of purpose and consequences is what should drive any test
redesign.

In evaluating whether a new approach will serve these purposes, lay out the chain of
logic that links any proposed changes or innovation to these goals, to improvements
in the performance and impact of the test and to its consequences. Just laying out
the claims that the innovation should satisfy will help you to see whether there is a
sound pathway to success and may help you discover and design in critical
characteristics and/or components that will need to be in place to succeed.

Each link of the chain subsumes a number of specific claims that require
substantiation. The collection and analysis of evidence to substantiate these claims
throughout test development and validation will help you to both evaluate and
improve how well any new approach is working.

In closing, I started with the concept of validity and end with it. It is not too early to
begin to consider the validity arguments and the evaluation data that will justify and
support any proposed change to the NUEE. NCUEE will do well to incorporate validation
and evaluation hand in hand with the design and development of any innovation.
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Discussion: Validity Issues Overview
in Moving Ahead

# Validity: Definition

#* Why change NCUEE? What purpose(s) might a
change be intended to serve?
Joan L. Herman
International Symposium of Organization for the
Study of College Admissions
National Center for University Entrance Examinations

¢ How will you know know whether the change is
successful?

Tokyo, Japan
November 18, 2011

sk Comter for Res
Sepidandt, & Siabord Vestivg

2/19 Masinat Subnas T Dpmai b5 Btk Bied

Validity Defined

¢ Evidence that an assessment measures
intended construci(s) and welbserves
intended purpose

# An evidence-based argument that substantiates
the ¢hain of reasoning that links the measure
to its intended purpose

4/19 Pamanat Suhtes o S v Gt ek, S EASE, § Satent Wis

Validity Defined cont. A Simplified Validity Argument:
Admissions Test

Chain of Reasoning

Test Design Quality of Score Test Use
Inferences
5/19 Getins Tasrae S heseaod o Sratipnon, Mandenis & tredent Thstis

6/19 Veatisial Subtar s Ruenssnt st fvtiuasion, Bisdiigs. & Fidnst Meting
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A Simplified Validity Argument: A Simplified Validity Argument:
Admissions Test cont. Admissions Test cont.

Use of scores
“““““““ » may have other

conseguendces

A Simplified Validity Argument: What Are Other NCUEE Consequences
Admissions Test (Intended or Not) ?

¢ Communicates what is important in pre-college
teaching and learning

# Serves as a model for:
v’ Pedagogical practice

¥ Instructional materials and resources

Uze of ® Motivates behavior

then scores may
have other ¢ Changing NCUEE can leverage K-12 change
Gnseguancas 4

9/19 10/19 Famaat Lentes The BESeETOn % fuiluaiis, SUAEAEt. § Sudent Wi

Core Questions for Any Revision

¢ What are the primary issues that any NCUEE
redesign is supposed to address?

¥ How well is NCUEE serving its intended purpose?

v What are other consequences of NCUEE?

¢ Drawing on evidence from the United States
testing

11/19 Bt Saene Fhe btenot de Deatisiin, Sandants, 8 Sradent ¥
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Measuring What Students Need to Be
Prepared for College?

Based on Analysis of Course Requirements:
¥ Academic knowledge
¥ Cognitive strategies
¥ Academic behavior
v Contextual skills

Based on college professors’

survey: What important skills al

missing from academic tests?
¥ Listening skills
v’ Speaking skills

13719

Is NCUEE Sending the Right Signal?

NCUEE

Hi) Vams T REeaih et tekbins G, b Sradans SEehn

15/19

Possible Claims in the Argument

it Sathe Bhe et e Deatisiin, Sandantn, 8 S dent Thstis

17/19
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Is NCUEE Measuring What Students
Need for Future Success?

§ E%
i :
e i
.
888#;,; L i
L (]

£ i &

i, EvRAAi0E, & Faadinn

it Tais @iy o

14719

How Will You Know if NCUEFE’s
“Revision” Is Successful?

Does it solve the
Identified problem?

Is there evidence to
substantiate each claim
in the argument?

What is the chain of reasoning - the
argument - that connects the change(s)
to problem solution?

Validity: How well
does the evidence
support the argument

Pamaonat fuhtes ar Rporicn o% fuivaken, SUASth, § Sadest Tad

16/19

Concluding Thoughts

Purpose and conssguences
drive re-design

Yalidity argument
examines extent to which
goals have been achieved

Yalidity evidence supports
evaluation and improvement

sl Subtar s nevaenb pe fsinatien, Kdivds, & Sidess T

18/19
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“New Approaches to University Entrance
350 Examinations in Korea
-NEAT(New English Ability Test) and
CSAT(College Scholastic Ability Test)”

By Kyung-Ae Jin (KICE)
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WRAPPING UP

Eva L. Baker
CRESST National Center for Research on Evaluation, Standards, & Student Testing
University of California, Los Angeles

International Symposium of Organization for the Study of College Admissions
National Center for University Entrance Examinations

Tokyo

18 November 2011

NCUEE-OSCA 1

Impact of Uncertainty on
Admissions Testing

Achievement is more than selection
Learning a continuous process

Students falling below prior expectations
should be helped - joint responsibility

Admissions tests may transform into
placement examinations or markers
addressing 21t century skills in evolving
content domains for use in learning

NCUEE-OSCA3

Futures?

NCUEE-OSCA S © Regents of the U
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Wrapping up a great day

Conclusions
Research Options

Policy Speculation

Admissions Exams Competing
Goals

+ Matching individuals to best available
programs

« ldentifying and supporting undiscovered
sources of talent

* Meeting varied institutional missions
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