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Abstract

By 21st Century skills, we are interested in the assessment of skills such as digital literacy 

and collaborative problem solving. The use of these skills is often situated within technologically 

sophisticated environments: Hence, assessments of them must also be embedded in 

technologically enhanced testing contexts.  This leads to a problem: the technologies involved are 

evolving rapidly, so that the means of assessment must also be de adapted rapidly, sometimes 

within just a few years.  In terms of measurement, this creates a problem of linkage across time, 

where the old measurement tasks must be continuously replaced with new one, which will make 

for complications in maintaining a useful measurement reporting scale over time.  

In this presentation, having set this problem in place, I will discuss the following topics:

(a) the idea of a learning progression in the context of 21st century skills, giving an example in the 

domain of digital literacy;

(b) how the presence of a learning progression can be used to address this problem; and

(c) how the learning progression can also be used to relate different grain-sizes for assessment in 

the classroom. 
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• Setting the problem
• Learning progressions in 21st Century skills

– Example: ICT Literacy
• Traditional formulations 

– A new formulation
– Applying the BEAR Assessment System

• Construct Maps, Item Design, Outcome Space, Wright Maps

• A perspective on the problem
• Using a learning progression to relate classroom 
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The problem, in a nutshell

• Definition … 21st Century skills: skills beyond the usual 
subject topics, such as digital literacy and collaborative 
problem solving. 

• Observation … The use of these skills is often situated 
within technologically sophisticated environments: Hence, 
assessments of them must also be embedded in 
technologically enhanced testing contexts.  

• A problem … the technologies involved are evolving rapidly, 
so that the means of assessment must also be de adapted 
rapidly, sometimes within just a few years.  

• A measurement/assessment problem …  need for linkage 
across time
– the old measurement tasks must be continuously replaced with 

new ones, which will make for complications in maintaining a 
useful measurement reporting scale over time.  
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A traditional ICT literacy framework

From Framework for the Computer Skills Placement Test Questions 
(Dallas County Community College District)



A traditional ICT literacy framework
(detail)

From Framework for the Computer Skills Placement Test Questions 
(Dallas County Community College District)

 



Example items from the framework (1) 



Example items from the framework (2) 
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Assessment and Teaching of of 21st-
Century Skills ( ATC21S)

APEC Presentation, March 8, 2011

Kathleen Scalise &
Mark Wilson
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The ATC21S 
partnership

• Founding Partners
• Cisco, Intel, Microsoft 

• Founder Economic Jurisdictions
• Australia, Finland,, Singapore, USA
• new partner—Costa Rica (World Bank sponsored)

• Previous Work
• White Papers available at www.atc21s.org.

• Developers of Assessments
• ICT Literacy: UC Berkeley and University of Oregon
• Collaborative Problem Solving: University of Melbourne



ICT Literacy: Learning in Digital 
Communities

Consumer Producer

Social 
Capital

Intellectual 
Capital



ICT Literacy: Learning in Digital 
Communities

Consumer Producer

Social 
Capital

Intellectual 
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Roles

Products



Example Learning Progression:
Consumer in social networks

• Definition … Obtaining, managing and utilizing 
information/knowledge from shared digital 
resources and experts in order to benefit their 
private and professional lives
– Examples

• Will a user be able to figure out how to perform tasks (e.g., 
by exploration of the interface) without explicit instruction?

• How long will it take an experienced user to find an answer 
to a question using their digital device?

• What arrangement of information on a display yields more 
effective visual search?

• How difficult will it be for a user to find information using 
web resources?
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BEAR Assessment System

**





Producer in social networks
• Creating, developing, organizing and re-

organizing information/knowledge in order to 
contribute to shared digital resources

• ” … learners and instructors are connected through 
[digital infrastructure]  to craft identity, to institute 
mutual awareness, to develop social interactions, to 
form social relationships, and to build collaborative 
learning communities.“ (Tu et al, 2008)

• producing a product that students "make their own" 





Developing & sustaining social capital 
through networks 

• Using, developing, moderating, leading and brokering 
the connectivities within and between social groups in 
order to marshal collaborative action, build 
communities, maintain an awareness of opportunities 
and integrate diverse perspectives at community, 
societal and global levels

• better and worse forms of social participation and connectedness

• resources or advantages that accrue to a group or person by virtue 
of being embedded in social organizations

• Awareness of benefits associated with increased common ground

• balance of diversity and common ground - typically in tension 





Developing & sustaining intellectual 
capital thru networks

• Understanding how tools, media and social 
networks operate and using appropriate 
techniques for operating on those resources 
to build collective intelligence and integrate 
new insights into personal understandings

– ongoing process of collective reflection and action 

– marshalling of available knowledge to act in an effective and 
efficient manner to achieve some purpose

– online communities have multiple purposes with less 
coherence, more diverse motivations, and hence a greater 
need for complex mechanisms for marshalling and using 
information





BEAR Assessment System

**



	 Scenario	1:	
Webspiration	

Scenario	2:		
Arctic	Trek	

Scenario	3:	2nd	
Language	Chat	

Digital	Tools	 Concept	Mapping,		
Embedded	
Audio/Video,	
Podcast	Creation,	
Resource	Sites,	
Screen	Recorder	

Teaming	Collaborative	
Software,	Decision	
Making-Planning	Tools,	
Shared	Documents,	
Game	Lab	for	
Programming	

Chat	Tool,	Rating	
Guides,	Crowd	
Sourcing,	Cross-
Country	
Collaborations,	
Spreadsheets	

Team	Size	 3	 4	 2	
Location	 Asynchronous	

within	Country	
Synchronous	within	
Country	

Synchronous	
between	Countries	

Constructs	 ICT	Producer,	
Consumer,	
Intellectual	
Capital	

ICT	Producer,	
Consumer,	Social	
Capital	

ICT	Producer,	
Consumer	

Context	 Verbal	 Quantitative	 Analytic	
Subject	Matter	 Humanities	 Math/Science	 Second	Language	

Acquisition	
	

ICT Literacy Task Demonstration



















BEAR Assessment System

**



15 yr olds



 

 

a	
b	
	

c	
	



 

 

d	
e	
f	
	

g	

	



11 yr olds









	

Levels	
(Progressive)	

ICT Literacy—Learning in digital communities 

CONSTRUCT/Learning	Outcomes	
Total	

Consumer	 Producer	 Social	
Capital	

Intellectual	
Capital	

Level	4	 N/A	 N/A	 Web	0	
Arctic	1	

2LChat	0	

Web	0	
Arctic	0	

2LChat	0	

Web:	0	
Arctic:	1	

2LChat:	0	
Level	3	 Web	0	

Arctic	2	
2LChat	0	
	

Web	0	
Arctic	2	
2LChat	0	

Web	0	
Arctic	6	
2LChat	1	

Web	10	
Arctic	2	
2LChat	1	

Web:	10	
Arctic:	12	
2LChat:	2	

Level	2	 Web	8	
Arctic	6	
2LChat	0	
	

Web	4	
Arctic	16	
2LChat	8	

Web	7	
Arctic	0	
2LChat	6	

Web	6	
Arctic	7	
2LChat	0	

Web:	25	
Arctic:	29		
2LChat:	14	

Level	1	 Web	2	
Arctic	2	
2LChat	2	
	

Web	4	
Arctic	0	
2LChat	6	

Web	1	
Arctic	0	
2LChat	6	
	

Web	2	
Arctic	2	
2LChat	0	

Web:	9	
Arctic:	4	
2LChat:	14	

Total	 Web:	10	

Arctic:	10	
2LChat:	2	

Web:	8	

Arctic:	18	
2LChat:	14	

Web:	8	

Arctic:	7	
2LChat:	13	

Web:	18	

Arctic:	11	
2LChat:	1	

120	per	age	

group	plus	
PU/FP/HUE,	
Practice,	&	
Covariates	

*Some	CR	items	(Constructed	Response)	will	measure	up	through	the	listed	level	(listed	level	is	top	score).	



BEAR Assessment System

**



Consumer 
in Social 
Networks



Producer in 
Social 
Networks



Participator 
in 
Intellectual 
Capital



Correlations and variances of EAP 
scores from three consecutive 

unidimensional models 

 

CiN PiN ICN 

PiN 0.65 

  ICN 0.57 0.57 

 
variance 0.97 (0.14) 2.54 (0.35) 1.79 (0.25) 
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How does this help build a  learning 
progression that can be persistent over 

time?

E.g., back to example item ….





15 yr olds



11 yr olds



How to link forward into a new 
technological environment?

• Q. What is the item for ?



PRODUCER IN SOCIAL NETWORKS 
Creative producer 
Team situational awareness in process 
Optimize assembly of distributed contribution to products 
Extending advanced models (e.g. business models) 
Producing attractive digital products using multiple technologies / tools 
Choosing among technological options for producing digital products 

 
Functional producer 
Establishing and managing networks & communities 
Awareness of planning for building attractive websites, blogs, games 
Organizing communication within social networks 
Developing models based on established knowledge 

Developing creative, expressive or complex content artifacts 
Awareness of security & safety issues (ethical and legal aspects) 
Using networking tools and styles for communication among people 
Emerging producer 
Produce simple representations from templates 

Start an identity 
Use a computer interface 
Post an artifact 
	



How to link forwards?

• Q. What is the item for ?

• A. To provide information about the 
Functional Producer level in the 

Producer in Social Networks strand of the 
learning progression.

• Q. How does this help?

• A. Design new items like this in the new 
technological environment, and carry out a 
linking study.



What is the limit of this?

• So long as the learning progression is still appropriate …

• … this is readily accomplished.

• Or, as well, by adding new strands or higher levels to older 
strands, etc.

Consumer Producer

Social 
Capital

Intellectual 
Capital
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A second problem:
Using a learning progression to relate 
large-scale and classroom assessment 

together

• Finding the right grain-size for measurement in 

the classroom

• From: 

Wilson, M. (2021, November).  Finding the right 

grain-size for measurement in the classroom. The

American Educational Research Association’s E. F. 

Lindquist Award 2020 Lecture. 



What do I mean by “grain-size”?

micro level  Fine-grained assessments, within-instruction

observations

meso level  Testing for instructional planning in the 
classroom, narrower standards 

macro level  Summative testing, Standardized testing, 

broader standards



What do I mean by “grain-size”?

micro level  Fine-grained assessments, within-instruction

observations

meso level  Testing for instructional planning in the 
classroom, narrower standards 

macro level  Summative testing, Standardized testing, 

broader standards



Measurement at the meso/micro 

levels: 

An Example Project 

• NSF Collaborative Research Project: Modeling Assessment to 

Enhance Teaching and Learning (MAETL?)

• Collaboration Among: 

– Rich Lehrer, Leona Schauble and Corey Brady (Vanderbilt University); 

– Mark Wilson and Perman Gochyyev (UC Berkeley) 

– A bunch of graduate students at both universities



The Modeling Assessment to 

Enhance Teaching and Learning 

(MAETL) Project
• Products:

– A shared conceptual framework for describing instructional goals and valued forms of 
teaching and learning—i.e., the learning progression*; 

– a set of electronic tools to help educators detect, share, analyze, and interpret data—BASS 
and TOTs; and 

– classroom and school-level community professional development structures to support and 
sustain the practice of assessing to guide instruction*. 

• Topics: 
– Measurement of:  Length, Area, Volume, Angle, and 

– Measured Quantities as entrée to Rational Numbers (Fractions as quantities, fractions as 
operators)

* Lehrer, R. (2021). Accountable assessment.  Keynote presentation at the 2021 ACER Research 
Conference (online).
* Wilson, M., & Lehrer, R. (2021). Improving learning: Using a learning progression to 
coordinate instruction and assessment. Frontiers in Education, 6: 654212. 
doi.org/10.3389/feduc.2021.654212 



Having something to measure 
• The Construct: ToML—Theory of Measurement--Length

• Describes how children come to constitute a theory of measure to 
compare magnitudes (extents) of lengths. 
– A theory of measure refers to the web of “big ideas” and procedures 

involved in developing these comparisons.

– Expressed using a “construct map”



The Levels of the Construct Map: 

ToML—Theory of Measurement-

Length
6. Generalizing relationships (e.g., Measure of A in B is the 

reciprocal of measure of B in A)

5. Partitioning and symbolizing involving 3-splits and 
composition of 2- and 3-splits 

4. Partitioning, iterating, symbolizing partitioned units—2-
splits

3. Iterating units and symbolizing distance traveled

2. Explaining properties of units and their role in 
accumulation

1. Directly comparing
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• For example, 3 on a standard ruler is marked at the endpoint of the 
third unit not at the center. 

• This spacing distinguishes interpretation of a length as distance 
traveled rather than as merely counting a collection of units.

• The understandings constitute the beginnings of understanding a 
measurement scale—a way of specifying relations among units to mark 
quantities. 

• Students understand that a measure of 10u means that the measured 
length is 10 times as long as the length of 1 unit (u). Also, a measure of 
10u implies that the length can be subdivided into 10 congruent parts.

• However, they may not yet routinely understand the reciprocal
relation, that 1 unit is 1/10 as long as 10 units.



Meso Level Online Assessment

• Delivered online using the Berkeley 

Assessment System Software  (BASS)

• Data analysis conducted as a multidimensional 

Rasch model using both Conquest and BASS 

software

• One dimension for each construct map: 

Length, Area, Volume, Angle.



An item at level 3: Labeling Foot 
Ruler

4/10/20, 12:02 PMBASS

Page 1 of  2ht tps://d isme.bear- apps.com/items

Item Bank New Bundle New ItemItem List

 records per page Search: 

Constructs
Scoring

Guides
Actions

Updated

By

[ME] Labeling Foot-Ruler ToML Scoring
Perman

Gochyyev

Oct 18,

2019

Oct 18,

2019

Perman

Gochyyev

[ME] Scaling Paperclip [4] ToML Scoring Corey Brady
Oct 18,

2019

Oct 18,

2019

Perman

Gochyyev

[ME] Scaling Paperclip [2] ToML Scoring Corey Brady
Oct 18,

2019

Oct 18,

2019

Perman

Gochyyev

Relation among units - v03 -

duplicate
ToML Scoring

Perman

Gochyyev

Oct 18,

2019

Oct 18,

2019

Perman

Gochyyev

[ME] Properties of Tiling Units -

overlap
ToML Scoring Jerred Jolin

Oct 18,

2019

Oct 18,

2019

Perman

Gochyyev

[ME] Ordering Fractions with

Common Denominator
ToML Scoring Jason Sellers

Oct 18,

2019

Oct 18,

2019

Perman

Gochyyev

[ME] Juanita ToML Scoring
Perman

Gochyyev

Oct 18,

2019

Oct 18,

2019

Perman

Gochyyev

[ME] Ant Walk ToML Scoring
Perman

Gochyyev

Oct 18,

2019

Oct 18,

2019

Perman

Gochyyev

[ME] 10 inch long fabric ToML Scoring
Perman

Gochyyev

Oct 18,

2019

Oct 18,

2019

Perman

Gochyyev

[ME] Labeling Angles ToMA° Scoring

Ana Maria

Albornoz

Reitze

Oct 18,

2019

Oct 18,

2019

Perman

Gochyyev

Item name
↑↓

Created by
↑↓

Created

on ↑↓

Updated

on ↑↓

Showing 11 to 20 of 147 entries Previous 1 3 4 5 … 15 Next

 10

2

  

Preview Scoring Supplemental Content

Here is one of Maria’s footprints.  

Maria used copies of her footprint to make this foot-ruler. But Maria forgot to label her foot-ruler.

Drag the numbers onto the foot-ruler to label the units. Use only the numbers that  you need

[ME] Labeling Foot-Ruler

ToML



Wright Map: Length construct

Figure X. 
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Example BASS Report for a class
(2018/19 ToML data)

Sort students by

Theory of Measurement: Length Construct for Grade_1_Boles (Kerry Boles) (Perman Gochyyev)

!  Level 5

!  Level 4

!  Level 3

!  Level 2

!  Level 1

Theory of Measurement: Length Construct for Grade_1_Fears (Sarah Fears) (Perman Gochyyev)

!  Level 5

!  Level 4

!  Level 3

!  Level 2

!  Level 1

Theory of Measurement: Length Construct for Grade_1_Marshall (Amanda Marshall) (Perman Gochyyev)

!  Level 5

!  Level 4

!  Level 3

!  Level 2

!  Level 1

Theory of Measurement: Length Construct for Grade_1_Moseley (Shaina Moseley) (Perman Gochyyev)

!  Level 5

!  Level 4

!  Level 3

!  Level 2

!  Level 1

Theory of Measurement: Length Construct for Grade_2_Hampton (Cassie Hampton) (Perman Gochyyev)

!  Level 5

!  Level 4

!  Level 3

!  Level 2

!  Level 1

Theory of Measurement: Length Construct for Grade_2_Prater (Gaile Prater) (Perman Gochyyev)

!  Level 5

!  Level 4

!  Level 3

!  Level 2

!  Level 1

Theory of Measurement: Length Construct for Grade_2_Smithpeters (Jamie Smithpeters) (Perman Gochyyev)

!  Level 5

!  Level 4

!  Level 3

!  Level 2

!  Level 1

Theory of Measurement: Length Construct for Grade_3_Harriman (Jessica Harriman) (Perman Gochyyev)

!  Level 5

!  Level 4

!  Level 3

!  Level 2

!  Level 1

Theory of Measurement: Length Construct for Grade_4_Copeland (Cristina Copeland) (Perman Gochyyev)

!  Level 5

!  Level 4

!  Level 3

!  Level 2

!  Level 1

Theory of Measurement: Length Construct for Grade_4_Cunningham (Madison Cunningham) (Perman Gochyyev)

!  Level 5

!  Level 4

!  Level 3

!  Level 2

!  Level 1

Theory of Measurement: Length Construct for Grade_4_Donnell (Jenna Donnell) (Perman Gochyyev)

!  Level 5

!  Level 4

!  Level 3

!  Level 2

!  Level 1

Theory of Measurement: Length Construct for Grade_5_Scalf (Christian Scalf) (Perman Gochyyev)

!  Level 5

!  Level 4

!  Level 3

!  Level 2

!  Level 1

Theory of Measurement: Length Construct for Grade_5_Wiggins (Jennifer Wiggins) (Perman Gochyyev)

!  Level 5

!  Level 4

!  Level 3

!  Level 2

!  Level 1

BASS Constructs Items Scoring Guides Activities Delivery Scoring Import Calibrations Analysis Reports System 695 "  markw@berkeley.edu 

Reports  Showing results for PRETEST_Bass_items_only ToML
Filter Data Change Data

Level 1 Level 2 Level 3 Level 4 Level 5

Student 1156Student 1156

Student 1157Student 1157

Student 1153Student 1153

Student 1147Student 1147

Student 1159Student 1159

Student 1141Student 1141

Student 1151Student 1151

Student 1162Student 1162

Student 1148Student 1148

Student 1145Student 1145

Student 1146Student 1146

Student 1163Student 1163

Student 1160Student 1160

Student 1142Student 1142

Student 1154Student 1154

Student 1161Student 1161

Student 1152Student 1152

Student 1149Student 1149

Student 1143Student 1143

Student 1158Student 1158

Student 1155Student 1155

Level 1 Level 2 Level 3 Level 4 Level 5

Student 1183Student 1183

Student 1168Student 1168

Student 1180Student 1180

Student 1178Student 1178

Student 1169Student 1169

Student 1184Student 1184

Student 1165Student 1165

Student 1177Student 1177

Student 1167Student 1167

Student 1166Student 1166

Student 1176Student 1176

Student 1174Student 1174

Student 1170Student 1170

Student 1164Student 1164

Student 1185Student 1185

Student 1182Student 1182

Student 1179Student 1179

Student 1172Student 1172

Level 1 Level 2 Level 3 Level 4 Level 5

Student 1224Student 1224

Student 1222Student 1222

Student 1211Student 1211

Student 1225Student 1225

Student 1218Student 1218

Student 1223Student 1223

Student 1213Student 1213

Student 1210Student 1210

Student 1209Student 1209

Student 1227Student 1227

Student 1216Student 1216

Student 1221Student 1221

Student 1217Student 1217

Student 1214Student 1214

Student 1215Student 1215

Student 1219Student 1219

Student 1220Student 1220

Student 1229Student 1229

Student 1228Student 1228

Student 1212Student 1212

Level 1 Level 2 Level 3 Level 4 Level 5

Student 1199Student 1199

Student 1205Student 1205

Student 1203Student 1203

Student 1187Student 1187

Student 1202Student 1202

Student 1191Student 1191

Student 1194Student 1194

Student 1204Student 1204

Student 1198Student 1198

Student 1192Student 1192

Student 1207Student 1207

Student 1201Student 1201

Student 1196Student 1196

Student 1188Student 1188

Student 1193Student 1193

Student 1208Student 1208

Student 1197Student 1197

Student 1195Student 1195

Student 1189Student 1189

Student 1200Student 1200

Student 1206Student 1206

Student 1190Student 1190

Level 1 Level 2 Level 3 Level 4 Level 5

Student 1246Student 1246

Student 1237Student 1237

Student 1241Student 1241

Student 1247Student 1247

Student 1255Student 1255

Student 1238Student 1238

Student 1244Student 1244

Student 1239Student 1239

Student 1242Student 1242

Student 1245Student 1245

Student 1235Student 1235

Student 1252Student 1252

Student 1251Student 1251

Student 1243Student 1243

Student 1236Student 1236

Student 1248Student 1248

Student 1240Student 1240

Student 1250Student 1250

Level 1 Level 2 Level 3 Level 4 Level 5

Student 1066Student 1066

Student 1065Student 1065

Student 1045Student 1045

Student 1055Student 1055

Student 1051Student 1051

Student 1115Student 1115

Student 1052Student 1052

Student 1049Student 1049

Student 1048Student 1048

Student 1056Student 1056

Student 1057Student 1057

Student 1050Student 1050

Student 1063Student 1063

Student 1058Student 1058

Student 1044Student 1044

Student 1062Student 1062

Student 1059Student 1059

Student 1064Student 1064

Student 1054Student 1054

Student 1046Student 1046

Student 1047Student 1047

Level 1 Level 2 Level 3 Level 4 Level 5

Student 1085Student 1085

Student 1079Student 1079

Student 1076Student 1076

Student 1074Student 1074

Student 1073Student 1073

Student 1083Student 1083

Student 1081Student 1081

Student 1071Student 1071

Student 1086Student 1086

Student 1084Student 1084

Student 1082Student 1082

Student 1078Student 1078

Student 1067Student 1067

Student 1088Student 1088

Student 1087Student 1087

Student 1069Student 1069

Student 1068Student 1068

Student 1072Student 1072

Student 1089Student 1089

Student 1080Student 1080

Student 1077Student 1077

Student 1075Student 1075

Student 1070Student 1070

Level 1 Level 2 Level 3 Level 4 Level 5

Student 1028Student 1028

Student 1024Student 1024

Student 1023Student 1023

Student 1021Student 1021

Student 1029Student 1029

Student 1026Student 1026

Student 1030Student 1030

Student 1025Student 1025

Student 1020Student 1020

Student 1027Student 1027

Student 1019Student 1019

Level 1 Level 2 Level 3 Level 4 Level 5

Student 1005Student 1005

Student 998Student 998

Student 1002Student 1002

Student 997Student 997

Student 996Student 996

Student 1017Student 1017

Student 1012Student 1012

Student 1004Student 1004

Student 1001Student 1001

Student 1006Student 1006

Student 994Student 994

Student 1013Student 1013

Student 1003Student 1003

Student 1016Student 1016

Student 995Student 995

Student 999Student 999

Student 993Student 993

Student 1008Student 1008

Student 1018Student 1018

Student 1010Student 1010

Student 1009Student 1009

Student 1014Student 1014

Student 1007Student 1007

Student 1015Student 1015

Student 1000Student 1000

Student 1011Student 1011

Level 1 Level 2 Level 3 Level 4 Level 5

Student 990Student 990

Student 985Student 985

Student 971Student 971

Student 974Student 974

Student 982Student 982

Student 978Student 978

Student 989Student 989

Student 988Student 988

Student 984Student 984

Student 983Student 983

Student 991Student 991

Student 980Student 980

Student 979Student 979

Student 975Student 975

Student 968Student 968

Student 986Student 986

Student 977Student 977

Student 973Student 973

Student 992Student 992

Student 981Student 981

Student 969Student 969

Student 970Student 970

Student 976Student 976

Student 987Student 987

Student 966Student 966

Student 967Student 967

Student 972Student 972

Level 1 Level 2 Level 3 Level 4 Level 5

Student 943Student 943

Student 958Student 958

Student 942Student 942

Student 945Student 945

Student 944Student 944

Student 954Student 954

Student 964Student 964

Student 963Student 963

Student 959Student 959

Student 949Student 949

Student 946Student 946

Student 957Student 957

Student 953Student 953

Student 947Student 947

Student 961Student 961

Student 965Student 965

Student 962Student 962

Student 951Student 951

Student 952Student 952

Student 955Student 955

Student 941Student 941

Student 960Student 960

Student 956Student 956

Student 948Student 948

Level 1 Level 2 Level 3 Level 4 Level 5

Student 1263Student 1263

Student 1276Student 1276

Student 1281Student 1281

Student 1268Student 1268

Student 1279Student 1279

Student 1280Student 1280

Student 1278Student 1278

Student 1262Student 1262

Student 1258Student 1258

Student 1275Student 1275

Student 1265Student 1265

Student 1269Student 1269

Student 1270Student 1270

Student 1264Student 1264

Student 1257Student 1257

Student 1261Student 1261

Student 1277Student 1277

Student 1266Student 1266

Student 1271Student 1271

Student 1256Student 1256

Student 1267Student 1267

Student 1274Student 1274

Student 1273Student 1273

Student 1272Student 1272

Student 1260Student 1260

Student 1259Student 1259

Level 1 Level 2 Level 3 Level 4 Level 5

Student 1134Student 1134

Student 1119Student 1119

Student 1122Student 1122

Student 1133Student 1133

Student 1117Student 1117

Student 1131Student 1131

Student 1124Student 1124

Student 1126Student 1126

Student 1125Student 1125

Student 1139Student 1139

Student 1121Student 1121

Student 1140Student 1140

Student 1123Student 1123

Student 1129Student 1129

Student 1136Student 1136

Student 1132Student 1132

Student 1116Student 1116

Student 1127Student 1127

Student 1138Student 1138

Student 1120Student 1120

Pro! ciency



Micro Level Online Assessment

• A teaching/learning context-Day 1:

• In previous classroom activity, the teacher had 
students measure a distance  in the hallway with 
clipboards, or with dowel rods, or with their 
feet. 

• These activities were aimed primarily at ToML
Level 2 with support for “edging” into Level 3.

• There were more than 1 of each type of unit 
(feet, naturally, were in inexhaustible supply). 



A teaching/learning context-Day 1
• The class observed children as 

they conducted their 
measurements.

• With whole class conversation 
that followed the class 
established that shorter units 
resulted in greater measure of 
the same distance (and why), 

• And they explained that the 
units had to be translated so 
that there were no gaps or laps.

 
 



“When is 4 feet 4 feet?”-Day 2

• New challenge (from teacher)
– using just one standard unit, the length of her foot 

(u), create a path with measure 4u. 

• Teacher took photos of student strategies
– class discussed problems and prospects of a few of 

these strategies*. 

• Each pair cut a strip of paper just as long as 
the path—what happened when they were 
compared?

• The class used the teacher’s photos to try to 
investigate why.

*She was looking for evidence of ToML 3A.



Micro Levels of the Construct Map

Earlier Levels as Resources for 

Current Level 

3A  Re-use (iterate) a unit to measure.  
2F  Qualitatively predict the inverse relation between size of unit and measure.  

2E  Consider suitability of unit and explain why.  

2D Count with reservoir of identical units to tile a length and represent measure by the total. If units are not 

identical, distinguish among them.  
2C Use identical units and explain why.  

2B Tile and explain why (the explanation is required).  

2A Associate measure with count.  

1F Develop and use local (classroom) conventions to distinguish or order two or more objects by a single attribute.  

 .
.
.

.

.

.

*

*



Measurement at the micro level : 

TOTs

• TOTs = “ Teacher Observation Tools ”

• A mobile data-gathering ipad application

• Designed for teacher use while teaching in 

their classrooms

• A sample screenshot …





2020/21 Data: Evaluations across time for 
one class



20/21 Data: BASS Report for TOTs 
data

Sort students by

Theory of Measurement: Length Construct for TOTS_only_1 class (Perman Gochyyev)

!  Level 5

!  Level 4

!  Level 3

!  Level 2

!  Level 1

BASS Constructs Items Scoring Guides Activities Delivery Scoring Import Calibrations Analysis Reports System 695 "  markw@berkeley.edu 

Reports  Showing results for TOTS_only_1 ToML
Filter Data Change Data

Level 1 Level 2 Level 3 Level 4 Level 5

Student 1138Student 1138

Student 1132Student 1132

Student 1122Student 1122

Student 1117Student 1117

Student 1089Student 1089

Student 1220Student 1220

Student 1142Student 1142

Student 1077Student 1077

Student 1074Student 1074

Student 1209Student 1209

Student 1199Student 1199

Student 1223Student 1223

Student 1212Student 1212

Student 1196Student 1196

Student 1086Student 1086

Student 1083Student 1083

Student 1080Student 1080

Student 1157Student 1157

Student 1228Student 1228

Student 1147Student 1147

Student 1204Student 1204

Student 1161Student 1161

Student 1152Student 1152

Student 1188Student 1188

Student 1191Student 1191

Student 1215Student 1215

Pro! ciency



2020/21 Data: BASS Pretest
TOTs during year
BASS Posttest



Grade 
means



Outline

• Setting the problem
• Learning progressions in 21st Century skills

– Example: ICT Literacy
• Traditional formulations

– A new formulation: The ATC21S project
– Applying the BEAR Assessment System

• Construct Maps, Item Design, Outcome Space, Wright Maps

• A perspective on the problem
• Using a learning progression to relate large-scale 

and classroom assessment together
• Conclusion



Conclusion
• Learning progressions can be used as a setting in which 

to solve many curriculum, instruction and assessment 
issues.

• This applies to 21st Century skills as much as to more 
traditional subject areas. 

• I have illustrated how this strategy can work for two 
such issues in the assessment domain:
– Problem of technology change over time 
– Problem of grain-size of assessments in the classroom.

• Its not just a matter of invoking the idea of a LP—there 
are better and worse ways to do it, and 

• the better ways will often involve more hard work on 
the parts of the developers and teachers involved.



Thank You!

• Mark Wilson: MarkW@berkeley.edu

• BEAR Center Website:

– https://bearcenter.berkeley.edu

mailto:MarkW@berkeley.edu
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