ACT Science



ACT Science Assessment and NGSS

e Science education and state standards -- 3D
* ACT’s model of Science

* ACT clusters compared to old IL blueprint

* Reports for students and schools
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Components of NGSS/NRC Framework 3-Dimensional Learning and
Assessment: an outgrowth of science education reform

* Shift from NSES mid 1990s with science
practices as a separate but equal
partner to content knowledge

* Fully integrating the three strands to
engage in scientific sense making or
problem solving in engineering

Helping people achieve education and workplace success. m I



Crosscutting Concepts

Physical Science

How we implement in
teaching and assessment

Making sense of
phenomena

Evaluating and
solving real world
problems

Scientific phenomena
or scenario

Engineering,
Life Science R .& Space Technology, & the
Science Application of Science

Disciplinary Core ldeas
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© Asking questions (for science) and
defining problems (for engineering)
@ Developing and using models
© Planning and carrying out
investigations
Planning and carrying out
investigations to answer questions
or test solutions to problems in 6-8
builds on K-5 experiences and
progresses to include investigations
that use multiple variables and provide
evidence to support explanations or
design solutions.
= Plan an investigation individually
and collaboratively, and in the
design: identify independent and
dependent variables and controls,
what tools are needed to do the
gathering, how measurements will
be recorded, and how many data
are needed to support a claim.
& Analyzing and interpreting data
& Using mathematics and
computational thinking
@ Constructing explanations (for science)
and designing solutions (for
engineering)
@ Engaging in argument from evidence
@ Obtaining, evaluating, and
communicating information

and forces at different scales.

Forces and Motion:

= The motion of an object is determined
by the sum of the forces acting on it; if
the total force on the object is not zero,
its motion will change.

= The greater the mass of the object, the
greater the force needed to achieve the
same change in motion.

= Forany given object, a larger force
causes a larger change in motion.

Helping people achieve education and workplace success.

Performance Expectations

MS-PS2-2
Students who demonstrate
understanding can:

Plan an investigation to
provide evidence that the
change in an object’s motion
depends on the sum of the
forces on the object and the
mass of the object.

Clarification Statement:

Emphasis is on balanced [Newtons
First Law) and unbalanced forces in
a system, qualitative comparisons of
forces, mass and changes in motion
(Newtons Second Law), frame of
reference, and specification of units.

Assessment Boundary:
Assessment is limited to forces and
changes in motion in one-dimension
in an inertial reference frame and to
change in one variable at a time.
Assessment does not include the
use of trigonometry.

Example of a
Performance
Expectation

A specific combination
of a SEP, CCC, and DCI
as THE WAY to TEACH
and ASSESS




How to assess these aspirational standards — Conclusions from NRC

* Assessment tasks will generally need to contain multiple components (e.g., a set
of interrelated questions).

* It may be useful to focus on individual practices, core ideas, or crosscutting
concepts in the various components of an assessment task, but, together, the
components need to support inferences about students’ three-dimensional science
learning (2-1)

* It will not be feasible to assess all of the performance expectations (2-3)
 Effective evaluation of three-dimensional science learning requires more than a

DEVELOPING ASSESSMENTS one-to-one mapping between the NGSS performance expectations and assessment
FOR THE NEXT GENERATION tasks (2-4)
SCIENCE STANDARDS

* Reasonable testing time and cost.(p 145)
* Focus on selected aspects of the NGSS (reflected as particular performance
expectations or some other logical grouping structure). (7-2)

See Gorin and Mislevy (2013) for summary of
challenges of assessing NGSS

Helping people achieve education and workplace success. m I



ACT Design Tradeoffs for Science and NGSS

* Time consideration vs breadth of content sampling

* Time consideration, omit rate, and cost of CR or Composite Items
e Paper and Pencil vs Computer based Testing

* Predicting college and career readiness vs covering all state standards
* Access to opportunity to learn
* Differential course taking patterns by region and academic ability

* Passage and item set together measure all three dimensions although
some items measure only 2 dimensions (SEP and CCC)

Helping people achieve education and workplace success.




Example 2-dimensional item (SEP & CCC

in a Physics context

Bv measuring the angle of deviation, d, the value of n can be caleulated. Table 1 and Figure 2 show values of d and of n, respectively, for each of 3 prisms at each of 6 wavelengths.

Table 1
Warelensts d (degrees) for a prism composed Tof:
{rm™) diamaond quartz water’

200 3989 14.07 3.06

300 3250 10.26 7.00

400 3064 10.63 5.59

500 2092 10.31 65.81

600 2061 1038 68.73

700 2035 10.34 6.73
*nanotmeters

Ta thin-walled glass prism filled with water

1_43')-.__- o water b
1.3+

s

200

00 400

wavelength (nm)

500

600 700

One of the values of d listed in Table 1 i3 in error. As a result, the corresponding value of i in Figure 2 is in error.

Based on the trends in those data, the error 1s for which prism and which value of d7

A Quartz; 10267

B. Quartz; 10.31°

C. Water; 7.09°

D. Water; 5.06°



The Atwood machine shown in Figure 1 was used as part of 2 studies on objects moving with constant acceleration.

Table 1 shows the results, with F in newtons (IN) and ¢ in seconds (s).

Figure 1
Table 1
I My F t
Trial (kg) (kg) (N) (s)

1 02 02 1.96 —
spring scale 2 02 |04 |261 [096
3 0.2 0.6 294 0.78
L.5m 4 0.2 08 314 0.71

Block X platyorm 5 04 |04 [3:2 |—

’ 6 0.4 0.6 4.70 1.24
Study 1 7 0.4 0.8 523 |0.96
In each of 10 trials, the following procedure was performed: 2 06 06 588 _

1. A string was passed over 2 pulleys. The string had a ring on each end and a spring scale (a device that can measure forces) near one end. 9 0.6 0.8 6.72 146
2. Block X, having a mass my. was hooked onto the left ring. Block Y, having a mass my. was hooked onto the right ring. 10 0.8 0.8 7.84 —
3. Block X was pulled down and held in place so that Block Y was 1.5 m above the platform. Note: A dash indicates that Block Y did not fall.

4. With all objects starting at rest, Block X was released, and both F (the force on the string) and r (the time required for Block Y to fall to the platform) were measured.

(INote: All objects other than the 2 blocks had negligible mass. The string was not stretchable )

Suppose that in Step 3, Block X had been pulled down and held 1n place so that Block Y was 100 centimeters (NOT meters) above the platform. Would the values of f recorded m Study 1 more likely have been greater than or less than those shown in Table 17
A. Greater, because Block Y would have fallen a longer distance.

B. Greater, because Block Y would have fallen a shorter distance.

C. Less, because Block Y would have fallen a longer distance.

D. Less, because Block Y would have fallen a shorter distance.



Challenge of large domain and short
testing time

« 8 SEP, 7 CCC, and dozens of DCI

* Emphasizing those standards that most strongly tie to college and
career readiness provides a stronger indicator while maintaining
a shorter testing time

* ACT National Curriculum Survey (2012, 2016, 2020) research
shows that Post Secondary Educators state science practices are
more strongly tied to college and career readiness than is content
mastery

* ACT Readiness Reports consistently show strong correlation to
ACT Science score to college outcomes

* Many standards overlap, which makes sense for instruction, but
for assessment, results in repetition in domain sampling

AL o empowereq. I



Examples of how Science & Engineering Practices inherently overlap

Asking Questions & Defining Problems:
Ask questic.as that arise from examir’ng
mudels...to determine relationships, including
quantitative relatiorships, between independent
and dependent variables...clarify and refine a
model...evaluate questions that challenge ...the
interpretation of a data set...the develogment of a
process or system

.,
..
.,
o

Obtaining, Evaluating, & Communicating

jInformation: students evrluate the validity and

reliability of claiins, methods...Critically read

scientific literature...to obtain scientific and
technical information...Cempare, integrate, and

W evaluz e sources of information...to address a

scientitic question...evalu~te scientific and technical

| mformat|on .Communicate scientific and technical

"""" |r‘format|or‘ g'aphlcally
N e mode. .or characteristics of cvstem

i PIannmg & Carrying Out Investigations: ety
| ..provide evidencs for...mathematical...and
#empirical models: ...plan an investigatioii...to
| produce data that can serve as evidence to build
gatd revise models, support explznations...Consider
possible...effects...coliect, record, ana'yze, and
o evaluate data...collect data about a complex model fthe reiationship ...Construct and revise an

=¥ of a proposed process o system M expianation based ...evidence ...including
------------------ : ...invesstigations, model ...provide an explaration
of ...effects ...link eviuence to the claim and to
assess the extent to which the reasoning and
data sugport the explaration.
data...Use mathema.ical...representations...to |GG
describe and support claims and explanati>ns. [l

Analyzing & Interpreting Data:
...comparison of data sets for... use of
B models to generate and analyz< data.
j Analyze data using...models...make va'id
and reiiable scientific cla:ms...when
analyzing and interpreting data...examine
consistency of measurements and
llobservations...Evaluaty the impact of
new data on a working expl~nation or

Developmg & Usmg Models ..develop
mcdels to predict and show relitionships...between
systems and their components...Evaluate merits
...Design a test...based on evidence...predict the
relativnships between systens......generate data to
suppcrt explanations, predicL pnenomena

an®
.

fl Constructing Explanatlons & Designing

i Solutions: ...create evplanations that are
supported by multiple ...sources of
w cvidence...Make quantitative ...claims regarding

-...
........

Engaging In Argumer.t From Ewden
...use appropriate and sufficient evidence and
scientific reasoning to defend and critique claims el
and explanat‘ons...Corr pare and ev¢ luate Using Mathematics & Computational
competing arguments...in light of...new evidence [ Thinking: ..analyze, represent, and model
...determine the me.its of arguments...Const, uct,
use, and present...arguments or counter-
arguments based on data and evidence.

Helping people achieve education and workplace success.



Examples of how Crosscutting Concepts inherently overlap with Science

and Engineering Practices:

Analyzing & Interpreting Data:

Developing & Using Mcdels: ...comparison of data sets for... use of
nmodels to generate and aralyze data.

...develop mor'els to predict and show
relatic aships...between systoms and o Aralyze data using...rcuels...make valid

their components...Evaluate merits  FE jf.'i:"" and reliable scientific claims...when

..... Design a test...based on analyzing and interpreting data...examine
...... evidence...predict the relatirnships consistency of measurements and
between systems......generate data to | observations...Evaluate the impact of

Patterns:...patterns in systems at
different scales...evidenc= for
causality in supporting their
explanaticns...explanations used at
one scale may riot be useful or )
need revision using a different [N
scale, thus requiring improved

*e
0
.
.,
.
.
.
.

nvestigations aer experlments.. g support expianations, p.adict [ new data on a working explanation or
...use mathematical representations &8 chenornena... = model...or characteristics of s 'stem...

to identify and anc.yze patterns...

ot
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Constructing Explanations & Designing
oM Solutions: ...create exrlanations that are

""""""""" Cauyse & Effect:

.

Systems and :

R ...suggest cause and supported v multiple ...sources of
System _MOd_els' ......... effect rela’ionships tc gl evidence...Make guaititativc ...claims regarding
Students investigate exp'2in and predict 1. the reiationship ...Construct and reise an
goranalyze..use  [— behaviors . .propose | explanation based ...evidence ...including
arnadels ...sycems at S—— o 53! relaticnships... B8 investigations, model ...provide an expiar ation
different scales...use [t smaller of ...ef’ects ...link evidence to the claim and to
mc dels...to pre dict scale...recognize assess the extent to which the reasoning and

the behavior of a changes in systems... data support the explanat.on.
systcm...

Scale, Proportion, &

Quantity: ...decendent on
the scale...recognize
patterns...understand how a
mode, at one scale relates to a B
model al anotner scaie...use
algebi aic thinking to exam.ne
scientific data and predict the
effect of a change in one
variable on another...

Helping people achieve education and workplace success.



Focus on Some Other Logical Structure of the Three
Dimensions (Recommendation 7-2)

The “logical structure” on which ACT Science is based reflects the natural redundancy across the 3
NGSS dimensions, the research on college and career readiness for science, and the necessary
design trade-offs to meet the practical requirements for large-scale summative assessment.

Three overarching domains of science skills and knowledge for which students receive performance
indicators and that make up the construct of ACT Science . They are:

* Interpretation of Data (IOD): Students manipulate/analyze scientific data presented in tables,
graphs, and diagrams (recognize trends in data, translate data into graphs, interpolate and
extrapolate, mathematical reasoning)

 Scientific Investigation (SIN): Students understand experimental tools, procedures, and design
(methods, tools, variables, controls) and compare, extend, modify experiments (e .g ., predict the
results of additional trials).

* Evaluation of Scientific Arguments and Models with Evidence (EMI): Students judge the validity of
scientific information and formulate conclusions and predictions based on that information (e.g.,
determine which explanation for a scientific phenomenon is supported by new findings).

AL o empowereq. I



Crosscutting Concepts

Reporting Categories

Evaluate Scientific
Arguments and
Models with Evidence

.

.,
.,

e,
e,
.,

........

Scientific A

s

Investigations (SIN)  KANEESS

Interpretation of Data
(I10D)
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How has ACT’s approach worked with other states who have
science standards based on NGSS

States Using the ACT Science Test Under ESSA for Accountability:
Assessment Peer Review Status

ACT Used to Measure Achievement in:

ESSA Peer Review Status and Links to Decision

Math Science Letters
Alabama X X X
X X
Montana
X Submitted December 2023 — Decision Pending
Nebraska X X X
Wisconsin X X X



https://oese.ed.gov/files/2020/04/Alabama-8.pdf
https://oese.ed.gov/files/2020/07/Montana-8.pdf
https://www2.ed.gov/admins/lead/account/nclbfinalassess/ne8.pdf
https://oese.ed.gov/files/2022/09/Wisconsin_12.pdf

Comparison lllinois Current Science Blueprints to ACT

CURRENT lllinois HS Test ACT Science Test
Clusters Clusters
Content Discipline (operational scenarios) ltems Content Discipline (operational scenarios) ltems
Life Science 4 24 MC/TE + 1CR Life Science 2 11-14 MC
Earth and Space Science 4 24 MC/TE+1CR :
Physical 4 24 MC/TE + 1 CR Chemistry 1-2 >-14 MC
72 MC/TE + 3 CR Physics 1-2 5-14 MC
TOTALS 12 L2215 Earth and Space Science 1-2 5-14 MC
TOTALS 6 40

e  MC - Multiple Choice
* TE-Tech Enhanced
* CR-Constructed Response

16



The ISA does not currently cluster SEP into subreporting categories
of related skills (although the 2017 recommendations did look at
some possibilities)

Primary ACT reporting category by SEP

SIN EMI IOD
SEP 1: Asking Questions and SEP 6: Constructing Explanations and SEP 4: Analyzing and
Defining Problems (SIN) Designing Solutions (EMI) Interpreting Data (10D)
SEP 3: Planning and Carrying Out SEP 7: Engaging in Argument from SEP 5: Using Mathematical and
Investigation (SIN) Evidence (EMI) Computational Thinking (I0D)

SEP 8: Obtaining, Evaluating, and
Communication of Information (EMI)

SEP 2: Developing and Using Models

(EMI) f



https://www.isbe.net/Documents/ISA-Report.pdf

Targeted Reporting Categories by Passage Type

Data Representation (DR)
Short passage which focuses on

interpreting data in tables and graphics
2 DR Passages
3 RS Passages

Mediur’:ﬁzen(;:f\h\:t:‘igwn;gzs(gsinaset 1 CV Passage

of experiments .
p 40 items
35 minutes

Conflicting Viewpoints (CV)
Longer Passage which focuses on
evaluating models and explanations of
a phenomenon

< Primary focus of passage
Frequently assessed with this passage type

Occasionally assessed with this passage type

ACT




Reports for students and schools
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ANN C TAYLOR ACT ID: 201293212 DO8: SEPTEMBER 01,2004  TEST DATE: APRIL 2022 .
7852 W 46TH ST APT 4 GRADUATION YEAR: 2023 GENDER: FEMALE HIGH SCHOOL CODE: 061-450 The . I v

WHEAT RIDGE, CO. 80033 WHEAT RINGE SENIOR HIGH SCHOO!
T 21 20 21 24 23 8 28 ) High School Report
% S Oct 2020 Oct 2020 Apr 2021 Apr 2021 Apr 2021
w -
— Ranking Results
2 8 24 23 8 The student's ranks tall you the approximate percentages of :ecenl high
COMPOSITE MATH SCIENCE ENGLISH  READING  WRITING P01 GIRGLONO I LIS ORI ORI e wtin ok B A1 Nt exe)
received scores that are the same as or lower than the student's scores. For
38 = = example, a rank of S6 for the student’s Composite score means 56% of
students earned that Composite score or below.
0 s -~ USRank
_@ = writing test §
24 e SR N SCOMes 1ange | e Composite  59%
® _» : : — from 2-12. :
 — — D Math 54%
18 C— e e — 78] _— Science 39%
STEM 48%
g — : English 75%
e— Reading 66%
Ll - — - = = = ~ — Writing 90%
1 B — ELA 77%
Student Score ACT College Readiness Benchmarks ‘f“s‘xd.n“ Scon‘flar:ge s A b ) L Think of 1
e ® a5t 5c0M05 are estimates of the student's educational developmaent. Think of true
Score Rndim Benchmark achievement on this lest as being within a range that extends about one standard
| Score Range If tha student’s score is a1 or above the Berchmark, he or she will  error of measurement, or about 1 point for the Composite and writing scores, and State Rallk
— likely be ready for firat-year college courses in the comespoading 2 points for STEM, ELA, and the other test scores, above and below the student's
subject area. There is currently no Benchmark for writing. scora, Composite 36%
" Math 32%
Detailed Results ectence 19%
MATH 19 ACT Readiness Range ENGLISH 24 ACT Readiness Range STEM 26%
i 50138 e
Preparing for Higher Math 150135 43% Production of Writing ez TA% EEEEEEEE——— O English 579%
. Number & Quantity 18 60%; o Essssss— ng 3
Knowledge of Language  1wof12 83% (] Reading 48%
« Aigebra dus 50%—,—‘ Conventions of R Y et B
« Functions zets  25% mum—— Standard English riung
S ——
. Geometry 1cs  50% I ELA 43%
— o
. Statistics & Probability 206  33% I—— READING 23 o 50% 100%
—
Integrating Essential Skills 110126 44% I K 2 Detal "%
: — e———
Modeling ozl 5T% en— Iy Eaae otk gt ®  Progress Toward the ACT National
Craft & Structure set10  50% D e B ®
SCIENCE 18 Integration of sets  83% EEEEEEEEEEES——— @ Career Readiness Certificate
e ' Knowledge & Ideas
Interpretation of Data watis  56% — [ T This indicator provides an estimate of the ACT National Career Readiness
Sciantific Investigation 20i10  20% M 1 Certificate (ACT NCRC®) that students with this ACT Composite score are likely to
Evaluation of sotiz 33% EE— f 1 Understanding Complex Texts Below  Proficient  Above abtain. The ACT NCRC is an assessment-based credential that documents
Miodels, hieve & Understanding Complex Texts: This indicator lets you know if you are understanding foundational work skills important for job success across industries and
Experimental Results the central meaning of complex texts at a lavel that is neaded to succeed in college occupations
coursas with high reading demand
ACT Composite Score: ACT Math, Science, English, and Reading test scores and X Bronzg Siver , Gold Platnum
the Composne score range from 1 to 36. For each test, we converted the student's If the student took the writng test, the essay was Composite Score |
e core - o <ha IO & scored on a scale of 1 1o 8 by two ralers n each of




Composite and Content Area Scores reported longitudinally

* Online Repeaing by

Data Interaction u@tﬂ BW ~
Summary View: The ACT State Contract, Spring ¥ 9 X ;:Tq E I':"
Showing stucents who are College Reportadle Opteera Sawe Downlend 1398 [EXT I [FCPETD0
Composite Math Science STEM English Reading \riting ELA
Group Year Admin | Valid Number | MeanScore | MeanScore = MeanScore | MeanScore | MeanScere = Mean Score | Mean Score | Mean Scere
Stormshire State Organization 2020-2021 = Spring 14073 17.9 17.8 183 183 16.6 18.5 6.1 17.1
Stormshire State Organization 2019-2020 | Spring 13974 17.7 1.7 18.2 18.2 16.2 18.1 5.9 164
Stormshire State Organization 2018-2019 = Spring 17774 17.4 175 17.7 178 159 18.0 59 16.1
Silverpine High School 2020-2021 | Spring 2712 17.9 17.7 18.1 18.2 165 186 6.1 17.1
Silverpine High School 2019-2020 = Spring 2807 17.7 17.7 18.1 18.1 16.2 18.1 5.9 164
Silverpine High School 2018-2019 | Spring 3548 17.3 17.3 17.7 178 158




Reporting Category Score Report

Percentage of students that meet the benchmark
(score > 23) (% Met) for each Reporting Category.

ACT 3wt O 9 BW ~

Help E R
Summary View: The ACT State Contract, Spring X 0 & = E lj
Showing students who are College Reportable Save ownload Tab Chart Transpos
Composite Science
Interpretation of Data- Scientific Investigation- Evaluation of Models/Inferences-
il Readiness Readiness Readiness
Group Year Admin Number % Met % Not Met Yo Met % Not Met % Met Yo Not Met
Stormshire State Organization 2020-2021 Spring 14073 22 78 25 75 22 78
Stormshire State Organization 2019-2020 Spring 13974 24 76 20 80 23 77
Stormshire State Organization 2018-2019 Spring 17774 22 78 22 78 20 80
Silverpine High School 2020-2021 Spring 2712 21 79 23 77 21 79
Silverpine High School 2019-2020 Spring 2807 23 77 19 81 22 78

Silverpine High School 2018-2019 Spring 3548 22 78 21 79 20 80



Score Ranges — ldentify percentage of students in each score band to
better use targeted supports

Summary View: The ACT State Contract, Spring D 4 g J E = Ij

Showing students who are College Reportable

Composite Science

CCRS(01 CCRS(13 CCRS(16 CCRS(20 CCRS(24 CCRS(28 CCRS(33

_— to 12) to 15) to 19) to 23) to 27) to 32) to 36)
Group Year Admin Nu:nbcr
Stormshire State Organization 2020-2021 Spring 14073 13 19 30 22 12
Stormshire State Organization 2019-2020 Spring 13974 13 20 30 21 10
Stormshire State Organization 2018-2019 Spring 17774 16 19 32 18 10
Silverpine High School 2020-2021 Spring 2712 13 21 28 22 11
Silverpine High School 2019-2020 Spring 2807 14 20 31 21 10

Silverpine High School 2018-2019 Spring 3548 16 20 32 18 10




Every student gets an opportunity to take a test used by
the vast majority of post-secondary institutions as critical
tool in college admissions decisions, and the ACT Science
Test:

e assumes students bring basic science content knowledge (think
Disciplinary Core Ideas), but only from introductory courses, so
largely curricula/course sequence neutral

 focuses on practices and crosscutting concepts, which should
accompany any content sequence

 focuses on the science knowledge, skills, and practices that
research shows are most indicative of college and career readiness

* is linked to free teacher resources that tie to College and Career
Readiness Skills
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