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Theory & Research Driven Item Design

3 Sources of Influence

tem Development Research
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Goals of Modification

Increase access for all test takers;
Remove extraneous material,

Maintain the same depth of knowledge;
Improve efficiency;

Increase validity of inferences from test results.
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Accessibility:
Definition & Background

* The extent to which an environment, system, or
product eliminates barriers and permits equal

access to all components and services for all
individuals.

« Background — Universal Design Principles

The design of products and environments to be

usable by all people, to the greatest extent possible,
without the need for adaptation or specialized
design.
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Facilitating Access &
Reducing Irrelevant Variance

Testing Accommodations - changes to the way a test is
administered or responded to by a student. Such changes are
often categorized as changes to the setting, timing,
scheduling, presentation, and method of responding.

To facilitate participation from individuals who have not taken
tests in the past.

To offset distortions in test scores caused by a disability without
invalidating the test results (i.e., increase validity of score).

Testing Modifications — Changes to test items to facilitate access,
remove extraneous material to facilitate processing, and improve
meaningful responding and thus results.
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Universal Design Principles

« Principles of Universal Design are intended to maintain equity
among user groups while providing the same or equivalent means of
use for all users;

Eliminate unnecessary complexity;
Arrange information consistent with its importance;

Use prompting and feedback during and after task
completion;

Present information redundantly (visual, verbal, tactile);
Maximize legibility and construct;

Simplify directions and instructions;

Reduce the potential for error.
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Cognitive Load Theory: Origins

e CLT gives a framework for studying cognitive processes and
instructional design

e Started in 1980s and developed and expanded throughout
the 1990s

* Considers intrinsic properties of material to be learned, how
information is presented, and how people process
information

Universal learning principles that can lead to efficient instructional
environments

NASP Session 2009



Learning Process

* Working Memory (WM)
Conscious cognitive processing

Can only handle a limited amount of information (no more than 2-3
novel interacting elements)

° Long-Term Memory (LTM)

Stores our schemas

Schemas combine multiple pieces of information into a single element
with a specific function

Schemas can go from long-term memory to the working memory when
needed

Load on working memory is reduced as schemas become automatized
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Working and Long-Term Memory

Lesson

*WM is the primary site for conscious
processing

*WM has a limited storage capacity

°LTM has a large storage capacity and is
the primary site for storing schemas

*Schemas can be pulled from LTM to
assist with processing in WM

NASP Session 2009



Learning & Test Taking Processes

* The following processes work together to help a learner
achieve his/her learning goals

= Attention

= Activation of prior knowledge
= Elaboration-rehearsal
= Encoding and retrieval

* These processes rely on the working memory

If the working memory has to use additional effort unrelated to these
processes, the learning becomes inefficient and takes longer
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Information to be Learned

e Structure of information learners need to understand varies
and impacts how efficiently and effectively one learns

* According to CLT
Information can have low to high element interactivity
Element interactivity --> intrinsic cognitive load

= The level of demand placed on the working memory to learn the
new information is based on intrinsic properties of the material

= |nstructional strategies cannot change intrinsic cognitive load
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3 Key Assumptions about How People Learn

* Active Processing assumption — knowledge construction
requires attention, organizing materials into meaningful
structures, using prior knowledge to comprehend information.

* Dual Channel assumption — cognitive processing of information
occurs into 2 separate channels (auditory/verbal and
visual/pictorial).

* Limited Capacity assumption — channels for processing
information have capacity of approximately 7+ 2 chunks of
information; these limitations are generally associated with
working memory.
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3 Categories of Cognitive Load

1.

2.

3.

Intrinsic Cognitive Load
Amount of cognitive processing required to comprehend material

Extraneous/Ineffective Cognitive Load

Unnecessary load that interferes with schema automation

Many instructional procedures produce extraneous cognitive load
for the learner

Germane/Effective/Relevant Cognitive Load
Influenced by instructional strategies
Enhances learning

Devote working memory resources to schema acquisition and
automation
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Cognitive Load and
Efficient Learning

- A B
Reduce lncreds_le Manage

irrelevant relevant intrinsic
load: load load.

_ Efficient
~ learning
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Promoting Efficient Learning & Test Taking

* Reduce extraneous load

Reduce instructional content & activities that are irrelevant to the
learning goal.

* Increase germane load

Increase instructional content & activities that benefit the learning
goal.

* Manage intrinsic load

Break down complex tasks into a series of prerequisite tasks and
supporting knowledge.
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Changes in Cognitive Load

Cognitive load is dependent on:
Learning goal and informational content
Learner’s prior knowledge
Instructional environment

Changes in cognitive load occur as a learner gains expertise

Instructional techniques that are effective for novices are not
effective for experts

Expertise Reversal Effect: learning environments designed for novices
can depress learning outcomes of experts
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Efficient Learning and Test Taking

* |Inreview:

Efficient learning environments balance intrinsic, germane,
and extraneous sources of load.
= Adjust content according to:
(a) expertise of the learner

(b) complexity of the content
(c) the instructional methods used in the training environment.

14
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Efficient Learning or Testing

Efficient learning environments balance intrinsic, germane,
and extraneous sources of load.

Adjust content according to (a) expertise of the learner, (b) complexity
of the content, and (c) the instructional methods used in the training
environment.

Universal instructional principles derived from experimental
research based on the human cognitive architecture.

Efficiency defined along two dimensions:
Learner performance
Learner mental effort

Efficiency (E) = Performance (P) — Mental Load (ML)
E=P-ML
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Key CLT Guidelines

Source
Efficiency in Learning
(Clark, Nguyen, & Sweller, 2006)
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Use Visuals and Audio Narration to Exploit Working
Memory Resources

1. Use diagrams to optimize performance on tasks requiring spatial
manipulations.

Diagrams permit faster processing becaus
simultaneously (as opposed to text, whict

2. Use diagrams to promote learning of rul
relationships. Lesson

Spatial relations can be readily ascertaine
lengthy text descriptions.

20
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Use Visuals and Audio Narration to Exploit Working
Memory Resources

3. Use diagrams to help learners build deeper understanding.

Allow for dual encoding (by providing learners multiple opportunities
to encode information).

4. Explain diagrams with words presented in audio narration.

For complex content, visuals or text should be supported by audio
narration to utilize the modality effect.

24
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Focus Attention and Avoid Split Attention

Use cues and signals to focus attention to im)
For complex content, focus learner’s attention t
signals (e.g., bolding, highlighting, arrows, circles

Integrate explanatory text close to related vit

Integrate words and visuals used to teach cor

delivery medium.

Prevents split-attention; a source of extraneous
integrate two or more dependent sources of infi
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“Weed” Content to Manage
Limited Working Memory Capacity

8. Pare content down to essentials.
9. Eliminate extraneous visuals, text, and au

10. Eliminate redundancy in content delivery

Minimize cognitive load by presenting your
omitting words, visuals, or audio that do nc

Avoid increasing cognitive load by deliverin EHaE."
modalities (e.g., text narrated by audio).
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Provide External Memory Support to
Reduce Working Memory Load

11. Provide performance aids as external m

12. Design performance aids by applying coj
techniques.

Performance aids (e.g., procedure guides)
completion in a format that is readily acce!
learning environment.

Use visuals as the predominant display for
and split-attention.

If applicable, fade memory support as trair
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Use Segmenting, Sequencing, and Learner Pacing
to Gradually Impose Content

11273714
516|718
o [10[11]12
13[14]15[16

13. Teach system components before
teaching the full process.

14. Teach supporting knowledge separate
from teaching procedure

Manage intrinsic load through
segmenting and sequencing your
content.

Focus on minimizing the amount of
new content being processed in
working memory at one time.
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Accommodate Differences in Learner Expertise

27. Eliminate redundant content for
more experienced learners.

Experienced learners do not benefit
from the combination of text and
audio. If the text is self-explanatory,
keep it rather than producing
diagrams.

. Learning
Expert

Novice

28. Transition from worked examples to
problem assignments as learners
gain expertise.

Once learners have formed their own Lesson A Lesson B
schemas for performing a task, they

are better off soling problems based
on those schemas.

Novice
Expert

NASP Session 2009



Application to Testing

15 cm

Original Modified
T O C —_—
: ]
: 15 ¢em
10O i :
L » ¥ = —l .
) 20 cm " 10em I t }

20 cm 10 cm
Reminder: Formwias for plang Niguras aro availabio on the [es!
refarance shael on the back af this bookier.

Area of a rectangle: A= I x w

Area of a triangle: A= b; h

3. The figure above consists of one
rectangle that is adjacent to one
triangle. What is its area?

3 What is the area of the figure?

A 375 om? A. 375 cm=
B. 450 cm?

C. 83.03 cm? B. 450 cm*
D. 800 cm2 C. 600 cm?
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Another Example Set of Items

Original

Mo Swimming Today § % !

My Uncle Reginald approached me with a furtive smile
on his face. He had arrived in his pickup truck. It was old
and rusty, similar to the one my father and | used to haul
wood from the mill on Old Post Road.

It had been a few years since Uncle Reginald had
returned from a long deployment to a country | had
never heard of before, and spending time with him was
always a pleasurable experience. He rarely discussed
his experiences in battle or the hardships of life in the
barracks, but he loved to talk about the funny things that
happened on the few weekends he was able to spend in
the city with his friends. | could listen to his stories all

day long.

*Hi Uncle Reggiel” | called out as | ran from the front
porch where | had been shucking some com for Mama.
“Are we going to Saunter Creek today to catch
crawdads?"

He shook his head and motioned to the side of the barm.
He had unloaded a gargantuan stack of wooden posts,
two showvels, a sledgehammer, and what looked like
enough wire to wrap around all the fields in Barro
County.

“We're finally going to build that new corral,” he said.

| knew | was in for an arduous day.

7. Based on the passage, what
would be the most precise
definition of the word arduous?

A. building
B. relaxing
C. tiring
D. easy
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Modified

No Swimming Today

Uncle Reggie approached me,
smiling. He had arrived in his
pickup truck.

“Hi Uncle Reggie!” | called out.
“Are we going swimming today?”
“MNo,” he said, pointing to the side
of the barn. | turned and saw a
stack of wooden posts and
boards, two shovels, and a large
hammer.

“You are going to help me build a
fence,” he said.

| took a deep breath. It was going
to be an arduous day.

Based on the passage, what is
the definition of arduous?

A._ building
B. tiring

C. relaxing 28



7 AMZI

Test Accessibility and Modification Inventory

An Instrument for Designhing and
Modifying Assessment Items
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TAMI: Purpose

This evaluation tool is designed to facilitate a comprehensive analysis of
test items for the purpose of enhancing access and meaningful responses
from all students. The content is organized into 6 sections based on key
parts and dimensions of an item.

Passage / Stimulus

Item Stem

Visuals

Answer Choices

Page / Item Layout

Fairness

Many existing test items can be improved with regard to (a) aspects of
access (b) content relevance and difficulty, and (c) fairness.

By using TAMI systematically, items can be improved to enhance testing
practices and tests for many more students.

NASP Session 2009
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Overview of TAMI Content

1. Passage / Stimulus

1.1 Passage andlor sfimulus vocabulary s grade-appropriste

1.2 Passage andfor stimuus sentenca complexiy s grade-
aporoprts;

1.3 eioms or fargon 2re avaided (unless they are defned
and reated fo tha itam content];

3. Visuals
3.1 Visuals arerelevant b essential fom conient;
3.2 Every visual 5 connected to tha text a9, pictures,
graphics, drection leons);
3.3 Visuals cleary represant intendd imapges;
34 Visuals have suficient confrast befvrean colors;

1 Sert is 25 simple a5 possiba given the
consiruct being megsured;

1.5 Tt ncludes only words essental for responding o the
item, with mirim exiraneous verbiage;

1.8 Essentia words or vocabulry terms use bold font o
facitate idanffication;

1.7 Readabiity anelyses indicate approprate grade level

1.8 Passage or stmulus minimizes constructimalevant
nowledge and ekils thet are necessery for fem
esparsg;

1.9 Passage andfor stmulus is viewsble on e same page
2 viuzls, tem stem and answer choices;

35 Visuat informetion using more than digtnctions
between colars:

‘36 Essental words or vacabulary terms use bold font to
facitate identfication

37 Visuals includ ‘abels and supporiive taxt f necessary
g, fitles, row and column hiaders for graphs).

38 Cicles, armows, or ighighing &rs used for impariant
elements of viuas,

3.9 Supportive fart s located close o reated gl

.90 When viuels are sef-awglanatory, words ranct
atdad;

351 Other:

4, Answer Choices

4.1 Text ncludes onfy words essentalfor resoanding to the
item, wih minimal exfraneous verdiage;

4.2 Al answer choices 2 zbout eguel n length;

4.3 Al cistractors are plausible ['afracters”)

4.4 Al enswar choices {of a mufiple cholca tem) ara
MBCESSATY,

4.5 No distracters could be efiminated without reducing the
valiity of the inferenceds) permited by the ftem;

4. The order nd constructon of the answer choices s
Qefiberate;

47 Other:

§. Faimess

.1 e content shaws respect fordifferent groups as
defined by societalroas, balefs, ethnictes, genders,
disahifis,efc;

6.2 tem mirimizes consiruct-imalevart knowledge and skls
that may malca the tem mor dificul for some fest-
tabers regerdless of the consiruct being measured;

.3 tem avaids meterial thet may unnecessariy evole
emotion or controversy;

.4 tem uses appropriate terminalogy fo describe
ndiiduals and groups;

.5 tam avoids stereotypes, overgensralizations, and

fons when charscterizing indviduals and

2. ltem Stem

2.1 Hem stem rficts infendad content standards) andior objectives]
2.2 tem fext consists of commonly used words fwith tha axcention of tested

vocebury;
23 Text includes all requists informaton forresponding;

24 Text includes only words assentilfor respanding fothe item, with minimel

exiraneous verbiage;
2.5 Readatity analyses indicte 2ppropriate grads level;
2.6 tem vocabulary s grade-approprits;
27 Sentence complexiy s grade-ppropridte;

281dioms or jargon are avoided (unless they are defined and related fo the fem

confent)

28 Essenial words or vocabulary terms use bold font to faciitate identhication;
210 e stems are posively worded (e, avoiding not quesfions)

211 Quesfion o drective 5 writen clearly;
212 0ther:

Aecessibity
The extentta which an
environmert,System, of
productelminates
bariers and permits
equal aceess foal
compenents and services
foral indvusl.

Defintion of

5, Page  tam Layout

5.1 Al tart 5 prined n standard fyneface, using a minimum
of 12-paintfex;

5.2 Thera s sufficent space between fnes (eading):

5.3 Thera s high contrast befween text and background
calors;

5.4 Al tart c2n b read ina taditionl,left-do-righ, fop-to-
bottom way, with consstent eft marging;

5.5 Text s formatted approgriztely with regend to breaks
ant unbroken blocks;

5.6 The entre fem (simulus, visuals, stem and ansier
cheioas is visibe an the same page/scraen;

5.7 Page includes ample vhte space to prevant tha ftam
from appearing clutered;

5.8 Right mergi is unustfed staggered);

5.9 Visuals are ntagrated info the flem stimulus and item
sfem, rather han placed off to the sid;

510 Other

oo,
.6 tem exqualy represens, to the axtent possibls bath

mien and women and a variefy o races and eficties;
6.7 Other:

(iedls of Medifiedtion

1. Increase access forall test takers;

2. Remove extraneous material;

3. Mantainthe same depth of knowicige;

4. Improve effcency;

5. Increase vl ofnfrences fom test
resuls.

1, Passage  Stimulus

1.1 Passage andlor simulus vocabulery s grade-approprite;

1.2 Pessage andlor stmulus setenca complety s grade-
oty

1.3 o o argon are avoided (unless thy are dfined
and reatad to th ffam contanf);

14 Sertenca structure fs 25 simpleas possibe ghven e
cansinuct being measured;

1.5 Text ncludes only words essenfalorresponding o he
itam, vith minimal exfraneous varbiage;

1 Essantial words or vacabulny erms use bold fnt to
facitateidertficaton;

1.7 Reatabity andyses incicate aparoprate grade evel,

1.8 Passage or simulus minimizes consiructimelavant

3. Visuals

31 Visuals e relevant to essertizl ftam cortent;

32 Every visusl i connacted fo thetextfo.g. pictres,
arephics, diracton cons;

33 Visuzls cearty reprasant intanded images;

34 Visuals have sufficient contrast batwean colors;

35 Visusls convey information using more then difinctions
betwean colors;

36 Essenial words or vacaliulary tarns usz bald fontto
facitate idantfeation.

37 Visuzls includa labals and supporiive tat f necassary
og. fites, ow and column headers for raph).

‘38 Circles, amows, or ighighting are usd for mporiant
dements of visuals.

feiowledge and skils foritem
response;

1.9 Pessage andlor stmulus s viswabla on the same page
a5 vistals, tom stam and answer chaices;

110 Other:

39 8upp islogafed vialzls;
3.40When visuals ane s explanatory, words ranat
aed;
311 Other:__

4, Answer Choices

41 Tt includes only words essenti for responding o the
item, wifh minimel exraneaus variage;

4 Al answer choices & about equl i lengih;

43 A distacters e plausibe 'atractars )

44 Al answer choices (of & mutipl choice tem) are
TRCESEAN,

4 No distacters could be aimingted without reducing the
validtyof the nferencels) parnited by the fam;

4 The order end canstructon of the anawer choices s
delberete;

47 Cter:

2, tem Stem

2.1 Hem stem refiecs nfended content standard) ancior abjctivla)
2.2 Hom fent cangsts of commarky used words fih e exception of tested

vacabulny;
3 vt includes all equiste information for responding;

24 Tt includes only words essenti for espanding o the tem, ith minimel

erirangous verbiage:
25 Readatlty analysas indicate appropriste grade avel
28 Hem vocabulary & grade-approprity;
27 Santanca compleity s grads-2ppropride;

2B Idoms or jngen are avoided {uless they ere defned and related o the fem

corter;

28 Essental words or vocabulay terms use bold fort o facitate identficaton;
210 tam stams ave postively worded (e, avocing not quesfions;

211 Quesion or directva & wiien claery,
212 Cther:

ecessiblty
The extent o which an
envionment ystem, or
proclct elminates
barirs and permits
equal ceess foal
cormpanents and senicas
forll inivduas.
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5 Page/ e Layout

5.1 Alltert s printad i standard typefaca, usinga minimum
of ot fart;

5.2 Thene i sufficient space hefween nes (aating);

5.3 Thene i high contrast between fext and background
wlors

5.4 Alltert can be rad i tadiione, lf-o-ight, fop-to-
botfo vy, wih consistent ef merging;

5 Taxt is formafted appropriatel with regard fo bl
&g unioken bl

51 The entraitem stimulus, Vius, stam and ansher
choices}s visbla on the same pagelecreer;

57 Page includes amole whte spece to pravent e fam
from appearing clutered;

58 Right mergin s justfied staggered);

51 Visuals are ntagreted info he fam stimulus and flem
stem,rether than placed offtathe side;

§. Fainess

. tam content shows respect forciferent groups a5
defined by socital roles, belies, etbriifes, gendars,
disaiifs, et

(.2 lem minimizes construct irelevart knowledge and skils
hat may make e tem mere dificut for somefest-
akars regrdlss of tha construct beng megsured;

6.3 lem avoids matetal el may umnacessary avoke
emafion or controversy;

(.4 Hem uses approprie ferminalogy fo destrbe
indiuals and grouos;

(5.5 Hem avoids stereotynes, overgeneraizations, and
oversimpificafions when charecterizing indiduals and
[l

.5 e ecually represents, to the etant posside, both
men and women and a varify of races and efficitis

6.7 Cther

Godls of Modfication

1. Inerease: aocess for ol esttakers;

2. Remove extraneous meleral

3. Maitain the same depthof knowledge;

4 mpreve efcency;

5 Ierease valdty oferences fom tet
Tests
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The Anatomy of an Item

1 . ltem
Mr. Murphy drives his car to work three b .
days per week. Stimulus

& < 20 miles - II' « Visual

ltem & Page
Layout ) item
How many miles does Mr. Murphy drive Stem

to and from his job each week?
A. 200 miles ) Answer
B. 60 miles Choices
C. 120 miles
\
= V.

32
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TAMI Item Worksheet

Content Area / ltem #:

Target Construct / Skills:

CATEGORY

ACCESSIBILITY

MODIFICATIONS FOR IMPROVEMENT

RATING

1. Passage / Stimulus 0 1 2 3 Passage / Stimulus:
2. ltem Stem o0 1 2 3 ltem Stem:
3. Visuals 0 1 2 3 Visuals:
4. Answer Choices 0 1 2 3 Answer Choices:

Page / ltem L t:
5. Page / tem Layout 0 1 2 3 age / ltem Layou
6. Fairness o0 1 2 3 Fairmness:

Owverall:

Total Accessibility Rating:
{Possible Range: 0 - 18)

b

Integrated Summary of Recommended Modifications:

Final Changes:

NASP Session 2009
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Key Sources

Cognitive Load Theory and Instructional Design: Recent
Developments (Educational Psychologist, Paas, Renkl, &
Sweller, 2003)

Efficiency in Learning (Clark, Nguyen, & Sweller, 2006)

TAMI (Beddow, Kettler, & Elliott, 2008; visit

34
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