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Big changes are afoot 

(Multiple choice items aren’t going anywhere) 

! But, tests these days do look a bit different 
-  tasks and response format options 

-  delivery mechanism 

-  media inclusion / resources 

-  constructs / skills of interest (21C) 

-  interactivity 
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Technology-rich assessments 

! Such tasks draw on technological 
capabilities to advance both 
-  construct-related priorities 

-  operational issues 

! What data is captured can change the game 
-  Not only outcomes but also process 

-  Challenge to separate signal from noise 
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Considering complex data (Zenisky & Sireci, 2013) 

! When items administered via technology, anything 
could be observable  

-  Semi-amorphous data (Scalise, 2013) 

! What should be in the scoring model? 
-  Universe of important actions (Luecht & Clauser, 2002) 

!  Item analysis as “information foraging” 

!  Potential for emerging measurement approaches to 
change how we (testmakers) think about tests, test 
quality, and item analysis 
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So… Processing Process 

Can our technological capabilities capture    
process data that helps educators better 

understand what students do when confronted   
with 21st century skills types of problems?  

What kinds of approaches                                       
are and are not successful? 

Almond, Deane, Quinlan, Wagner, & Sydorenko (2012), 
Bouchet, Harley, Trevors, & Azevedo (2013), Kerr & Chung 
(2012), Kinnebrew, Loretz, & Biswas (2013), among others 
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The present (exploratory) study 

! Our interest: Explore elements of comparability 
for two critical thinking tasks 
-  What do these tasks and the collected data tell us 

about what examinees know and can do? 

-  To what extent is this information consistent 
across tasks that are constructed to be parallel? 

-  What data analysis methods are informative from 
a measurement perspective? 
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Our Caveat: Think forest, not trees 

!  Data limitations are such that we will refrain from 
narrow focus on the tasks and specific implications 

-  an illustrative example of DA issues 

-  evaluative strategies and approaches 
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Data 

! Computerized 21st Century Skills Assessment 
- Critical thinking, creativity, and collaborative problem solving 

(Rosen & Tager, 2013)  

! Two scenarios: Organic Milk (OM) and Dolphin Dilemma (DD) 

-  Internet Search and Note-taking; Interviewing Experts; 
Concept Map; Recommendation (essay) 

! Organic Milk: N = ~180 middle schoolers 

! Dolphin Dilemma: N = ~90 middle schoolers  

! Scoring: Each task is scored on 0-3 scale by teachers (total 
score is a weighted composite of subscores) 
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Data Limitations 

!  Component and overall scores for DD scenario not yet 
available, limits replication of OM analyses 

!  Some differences in data collection observed 

-  7 countries for OM, 3 for DD 

!  Scenario implementation varied in one important aspect 
-  OM: students had to make notes before clicking through 

to the Concept Map creation task 

-  DD: students could click to the Concept Map task without 
making any notes, then back to notes 
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Method Overview 

!  Focus on process data for note-taking activity, note use in 
concept map creation 

!  Data extracted for both scenarios: 
-  Task time 

-  Percent of notes labeled as “claims” 

-  Percent of notes labeled as “evidence” 

-  Percent of notes labeled as “my notes” 

-  Percent of notes labeled as either “claims or evidence” 

-  Percent of notes used in the concept map 

-  Total number of notes taken by students 
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Method 

! Similarity of information collection across tasks 
-  What constitutes a claim or evidence may be indicator of 

critical thinking proficiency 

! Note-taking patterns / strategies employed across 
tasks 

! Relationship between process data and outcome 
data for Organic Milk only 

-  Correlation between outcome score and process 
variables 
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Results: Information Collected   

! OM took longer for students to complete 

M than DD Variable Task  Mean SD 
Task Time 
(minutes) 

OM 64.7 26.9 
DD 57.2 29.3 

Total # of 
Notes 

OM 16.2 11.9 
DD 13.5 9.7 

! About 3 more notes taken for OM than DD 
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Results: Information Collected  

Variable Task  Mean % SD 
% Notes: 
Claims 

OM 36% 17% 
DD 50% 22% 

% Notes: 
Evidence 

OM 36% 17% 
DD 30% 18% 

% Notes:   
“My Notes” 

OM 29% 22% 
DD 20% 20% 
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Results: Information Collected   

Variable Task  Mean % SD 
% Notes 
Used in 
Concept 

Map 

OM 59% 27% 

DD 72% 21% 

! Higher proportion of notes was used for DD 
than OM 
!  Recall that about 3 fewer notes taken for DD 
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Proportion of Frequency, % Notes: Claims 

         organic milk             dolphin dilemma  
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Proportion of Frequency, % Notes Used in 
Concept Map 
         organic milk             dolphin dilemma  
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Results: Note-taking Strategies  
!  0: Did not go back to the web sites when constructing map 

!  1: Go back to website for more notes before constructing 
map 

!  2: Go back to website but do not take notes before 
constructing map 

!  3: Type in own notes before creating map 

!  1,3: Both go back to take notes and create own notes 
before creating map 

!  2,3: Go back to website without taking notes, but create 
own notes before creating map 
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Results: Note-taking Strategies  
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Results: Process and Outcome 
! Relationship between note-taking data and total 

score (Organic Milk only, N=129) 
Variable r p-value 

Claim .46** 0.000 
Evidence .34** 0.000 
My Notes .21* 0.017 

Total Notes .43** 0.000 
Percent Notes in Map .21* 0.015 

Task Time .45** 0.000 

* Correlation is significant at the 0.05 level (2-tailed) 
** Correlation is significant at the 0.01 level (2-tailed)   24 

Results: Process and Outcome (OM) 
!  Descriptives for task scores by note-taking pattern 

Pattern N Concept
Map 

CMap 
Link 

Google Essay Total 

0 30 1.23 0.33 1.11 1.24 1.17 
1 31 1.45 0.35 1.26 1.58 1.38 
2 8 1.38 0.25 1.13 1.50 1.29 
3 21 1.62 0.38 1.38 1.62 1.47 

1,3 32 1.84 0.38 1.16 1.63 1.54 
2,3 7 1.00 0.29 1.14 2.00 1.37 

Overall 129 1.50 0.39 1.20 1.53 1.38 
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Conclusions 

! Original goal was to examine equivalence of 
two tasks evaluating critical thinking 

-  Limitations proved to be limitations 

-  Led us to focus on process, rather than outcomes 

! Some clear differences between OM and DD 
were observed: but why? 

-  Task differences, admin protocols, sample issues? 
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Conclusions 

! Difference in time taken: administration 
differences (OM v. DD) 

!  If note-taking strategies impact results, then it 
may be helpful to know which strategies are 
preferred from a pedagogical standpoint 

! Some construct equivalence was found when 
examining intercorrelations of process variables 

-  Patterns stable across tasks given small Ns 
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Conclusions 

!  The frequency of use for different note-taking 
strategies varied across scenarios 

-  How task is administered matters 

-  Let pedagogy guide that choice  

!  Connecting Process and Outcomes (OM only) 
-  Moderate relationships between process and total scores 
-  Actionable results - findings suggest that there are 

specific ways students can improve critical thinking skills 
as measured by these tasks 
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Next Steps 

! Operational: Ensure consistency in admin 
protocols 

! Data: Investigate student sample 
characteristics 

! Research: Replicate OM analyses with DD 
when scoring info available 
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Closing Thoughts 

! No strong conclusions about construct 
equivalence / stability possible here 

! Promise of these tasks / task families is high, 
but plenty of work remains in this area 

! Numerous strategies for investigation are 
possible and potentially informative 

Thanks! 

Questions, comments? 

contact us: 
azenisky@educ.umass.edu 
lkeller@educ.umass.edu 
xiw@educ.umass.edu 
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