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CARE Pilot Overview 

The Center for Curriculum Redesign (CCR), a non-profit education thought leader and 

publisher, piloted its Competency Assessment, Reporting & Evidence (CARE) system in 

middle and high school classrooms during the spring of 2022. The CARE system is based 

upon CCR’s 4-Dimensional Education Framework and seeks to provide classrooms with 

tangible, research-based methods for measuring a learner’s proficiency in 21st century 

and social-emotional competencies (such as collaboration, curiosity, and growth 

mindset). CARE is designed to provide teachers with a continuous set of valid and reliable 

metrics reflecting students’ progress in mastering competencies across a range of 

educational settings and over time. Using this data, teachers can work with learners to 

identify strengths and areas for growth while adjusting their strategies to enhance 

learning. While many platforms and programs already exist to assess these kinds of 

competencies, many rely on a single source of data and their focus is limited to fewer 

competencies. CARE is based on the premise that no single data source or discrete 

moment in time should be relied upon to assess a students’ competency. CARE aims to 

gather data about students from a constellation of sources (including digital signals) and 

across long periods of time (e.g. a student’s academic career), thereby mitigating the 

blindspots and pitfalls of each individual data source and the contextual variability of 

moments in time. To that end, CARE has identified multiple and varied data sources such 

as digital signals derived from student interactions within documents, data produced 

within learning artifacts, and traditional survey measures that could be used to measure 

student participation, beliefs, attitudes, behaviors, and skills to capture student learning 

and progress.  

Study Design 

To explore the feasibility of CARE, the CCR research team designed a descriptive and 

correlational pilot study. The aim of the study was to determine whether teachers and students 

could implement the CARE system in “real” classrooms, and whether multiple data sources 

could be used to measure at least one desired competency area. Given that this was the first 

trial of the CARE system, we focused on measuring the “collaboration” competency (which 

prior CCR work had focused on, and was hypothesized to entail more observable behaviors 

because it necessitated interaction) and in particular, two sub competencies: COL1: Taking and 

Sharing responsibility; and COL4: Giving and receiving constructive feedback. 
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Theory of Action 

Our theory of action is drawn from two disciplines: learning engineering and education 

research. Within the learning engineering field “sensor fusion”1 is used as a method for 

triangulating parameters drawn from disparate sources. Specifically, we theorize that complex 

psychological and behavioral constructs, such as collaboration, can be measured by collecting 

data from a wide array of sources and that combining and weighting this data over time can 

help produce a profile of a student's growth in this competency area. Drawing from research in 

education, we theorize that teacher and student access to frequent, evidence-based feedback 

coupled with goal setting can increase awareness of strengths and areas for growth and 

improve a range of 21st attitudes, behaviors, and skills.  

For the pilot of the CARE system, we posited that use of CARE curricular resources, tools and 

data collection tools would enable: 

● Students to easily provide data on their collaborative participation, beliefs, and 

behaviors—with little data collection effort; and,  

● Teachers to understand and value CARE data on student participation, beliefs and 

behaviors linked to a specific learning experience: In particular, that teachers would 

recognize that CARE provides data that: 

o  would not typically be evident from informal observation and classroom 

facilitation; and, 

o facilitates their capacity to understand and rate student progress, and informs 

teaching and learning related to student collaboration.  

Additionally, we posited that collecting data from these varying data types would enable us to 

identify which sources of data are most suitable for measuring desired constructs and how 

these sources should be calculated and weighted to produce reliable and valid scores of 

proficiency using the CCR rubrics.  

Research Questions 

The research team posed the following research questions: 

1. To what extent are teachers and students able to use the CARE assessment system as intended? 

a) Can teachers customize the BEST project template and successfully execute the project 

with students in their classrooms across 3-5 class periods? 

b) Can teachers and students use the data collection tools as intended (i.e. google 

document, Task Timeline, Exit tickets and rubric ratings) 

c) Do teachers understand/interpret and “trust” CARE data sources and displays? 

 
1 Thomas, C. (2011) Sensor Fusion: Foundation and Applications” (2011). IntechOpen. 
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2. Does the data captured by the CARE system measure desired sub competencies in ways that are 

reliable and valid?  

a) Do data sources produce data of sufficient quantity and variability? 

b) To what extent does data support theorized relationships between variables? 

c) To what extent do variables (across sources) measure desired constructs?  

d) Which sources can be best used to measure desired constructs? How should these be 

combined and weighted?  

 

Methods 

Sample 

CCR partnered with two private, independent schools (one middle and one high school) to pilot use of 

CARE for one selected competency area: collaboration. A total of 7 teachers (representing five 

disciplines) and 161 students (120 MS and 41 HS) participated in the pilot study.  

 

Table 1: Total number of consented students and project records 

 Total number of 
unique 
participating 
students  

Total number of 
student groups 
(BEST Projects) 

Total number of 
individual student 
BEST project 
submissions 

Total number of 
students with 2 or 
more project 
submissions 

Middle School 
Students 

120 12 192 56 

High School 
Students 

41 52 42 1 

Total 161 64 234 57 

 

Table 2: Total number of participating teachers and course sections 

 ELA Social Studies Math Science French  

 MS HS MS HS MS HS MS HS MS HS Total 

Number 
of 

teachers 
1 2 1 0 1 0 1 0 0 1 7 

Number 
of Course 
sections 

1 3 2 0 4 0 4 0 0 1 15 
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Data Sources 

 

CCR gathered evidence of student collaboration from four sources: 

● Google Document-Analysis Paper: Information about the quantity and quality of each student's 

comments/replies within this group document was used to produce metrics reflective of giving 

and receiving constructive feedback as well as taking and sharing responsibility. 

o The contents of the analysis paper (qualitative data) were not included, as it was more 

the product of collaboration than an artifact showing the collaborative process. 

● Google Sheet-Task Timeline: Data regarding the number of tasks each individual student agreed 

to lead or support for their group’s project was documented here.  

● Google Form-Exit Ticket: Binary data on self reported behaviors, and ordinal scale ratings of 

mood, and perceptions of taking and sharing responsibility and giving and receiving feedback. 

o The first Exit Ticket contained questions about internal perceptions of substrands (Col 1 

and Col 4) as well as an ordinal “mood” meter rating 

o The second Exit Ticket(s) asked students to self-report the presence or absence of 

behaviors related to collaboration (Col 1 and Col 4) as well as an ordinal “mood” meter 

rating.  

o The third Exit Ticket included additional questions about perceptions of substrands and 

the amount of work done relative to other group members as well as an ordinal “mood” 

meter rating. 

o Qualitative data (open response questions) in exit tickets 2 and 3 were not included in 

analysis. 

● Rubric: At the completion of the BEST project, teachers assigned each student a rating for each 

sub-sub competency using a four point, anchored, ordinal rubric rating scale.  

● Teacher Feedback survey: After receiving data on their students and reviewing the rubric, 

teachers were sent a feedback survey form to complete with ordinal scale ratings and 

qualitative open response questions to share their experiences in the pilot.  

● Teacher Feedback session: A synchronous, virtual 90-minute feedback session was conducted to 

receive qualitative feedback from teachers to gather information on implementation 

experiences, perceptions, and solicit suggestions and preferences for future iterations of the 

CARE system. 

 

A detailed rationale of which metrics align with which substrands can be found here. 

Study Procedures 

Pilot Study Teacher Orientation Session  

Prior to implementation, a 90-minute, virtual and synchronous orientation session was 

conducted to introduce teachers to the CCR framework and outline the specific pilot study 

consent and implementation procedures and timelines. Teachers were also given time in 

https://docs.google.com/spreadsheets/d/1gETZYbBbakqeZXyY_YYuO1RvJ_T6zxnAaTq3IuvEcCc/edit#gid=1460247533
https://docs.google.com/forms/u/1/d/1c9zD_LC3IOUlstJcqzDZTyhIZhxERfxtu6uGPLXnwZk/edit
https://docs.google.com/presentation/u/1/d/1CGUzybC6HWO3zayC-RVz4HNozCCXDYo62g1v4_BeGaw/edit
https://hip-lightyear-e38.notion.site/CARE-Metric-Rationales-a11b6ea2f8b647ae9958e67a96b94498
https://docs.google.com/presentation/d/1Jvabjb_-WoFXrSd4RU1VLjiaRfeVn0h3R0gubMm3g8I/edit#slide=id.g115a1a71a1c_0_26
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breakout sessions to ideate for how they would customize the BEST project for use in their 

specific course. 

Consent  

For both schools, CCR obtained two kinds of consent: parent/guardian consent and student assent. The 

former was gathered via the schools. CCR provided a sample email and a Google Form for parents and 

guardians to grant their consent, or lack thereof. This was somewhat complicated by the international 

students that attended one of the schools and the infrequency with which their parents communicated 

with the school; this ultimately led to many students not being able to participate. For students over the 

age of 18, they were required to give both kinds of consent. 

 

After a two-week period, each teacher provided CCR with a master list of students who had parental 

consent to participate in the study. Across the two schools, a total of 7 teachers participated (4 MS and 

3 HS). Several of the teachers are piloting the CARE system in all of their sections, thereby increasing 

student sample sizes substantially (see below). On the first day of the BEST project, students were asked 

by teachers to give verbal assent after being made aware that their participation in data collection 

would be private, voluntary, and not serve as a graded assessment of collaboration.  

 

Note: For students who did not have parental consent, CCR’s highest priority was allowing these 

students to still participate in the same educational activity, thereby keeping the student experiences 

equitable. Teachers were asked to document and track which students were not allowed to participate 

in this study and to create groups that were composed of unconsented students. Groups containing 

unconsented students would still complete the project to ensure an equitable learning experience, but 

they did so in documents that were never shared with CCR. 

Implementation Procedures 

Following the orientation session and once student/parental consents were obtained and students were 

assigned to their groups, CCR research staff provided teachers with a GSuite folder pre-populated with 

the materials they would need for each of their participating groups, including: 

● Templates for all groups’ Google Documents and Task Timelines 

● Exit Ticket forms 

● A checklist providing the steps of the pilot, including details such as gaining verbal assent from 

students on the day of implementation.  

To prepare, teachers were asked to customize the BEST project template and design a group activity 

where students would work collaboratively together to identify the “BEST” of “X”, (with each teacher 

determining the project focus “X” depending on discipline and course objectives).  

https://docs.google.com/document/d/1dQ9BqSaPC4_lbkA05ZEK-SaBxQg2MIEZuRne-nnz3QQ/edit?usp=sharing
https://docs.google.com/document/d/17AYD7tZDyG7OmR66k-dstRQQv3MV_e-RMpm68o7jKL4/edit
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The Best Project is a combination of “The Best Solution”2 and “The Best Song Ever,” an activity collected 

as part of CCR’s OAK Study. The Best Project asks students to pick and defend the best something. The 

students are asked to operationalize an inherently subjective question, explore several alternatives, and 

ultimately reach a group consensus. Students defended their process and their decision in an analysis 

paper. This activity was chosen for several reasons:  

1. It is discipline agnostic and fairly customizable to suit a teacher’s pre-existing learning goals and 
content. 

2. It can be made more or less difficult depending on the subset of students. One of the most 
important requisites of collaboration is having a question or project that is challenging enough 
to require collaboration (instead of cooperation).  

3. It could be used to measure other competencies, if needed. In fact, both of the lessons The Best 
Project was based on were originally intended to practice critical thinking. 

Teachers were instructed to ask students to document all of their group’s work and thinking in a Google 

document, organize the group’s tasks, roles and responsibilities using a Google Sheet Task-Timeline, and 

reflect on their participation by completing daily Exit tickets (Google Form). At the end of the project, 

teachers assigned proficiency ratings of each of their students using the CCR collaboration Rubrics. 

CARE Reports and Displays 

The metrics embedded in each of these data sources was analyzed based on a preliminary scoring 

formula to produce a “score” towards each of the sub-sub competencies of: Col 1: Taking responsibility 

and sharing responsibility; and Col 4: giving feedback and receiving feedback on a four point ordinal 

scale. Teachers were provided with two displays: 1) a summary of results by data source and 2) a 

summary by competency substrand (e.g. Taking Responsibility). A sample anonymized display can be 

found here. The first of these views shows individual student data from each data source–a total of 17 

variables (e.g. number of comments made in their Google Document). Students’ scores were color-

coded to indicate their rank within their classroom. The second view displayed a summary score 

calculated from these values to indicate each students’ proficiency for each of the four substrands (e.g. 

Taking Responsibility), ranging from 1-4 score to align with the COL rubric scale.  

Revised Rubric Ratings 

Finally, after teachers viewed data displays illustrating a summary of their students’ performance by sub 

sub competency and by source, they were asked to re-review their rubric ratings from one of their 

student groups (randomly assigned by CCR) and consider whether the new summary evidence would 

prompt them to change their initial rubric ratings for this group. 

Feedback Survey and Session. 

After receiving data on their students and reviewing the rubric, teachers were sent a form to complete 

with ordinal scale ratings and qualitative open response. A synchronous 90-min Zoom feedback session 

was conducted once all teachers at a school finished the project to receive qualitative feedback from 

teachers focusing on best practices moving forward. The CARE team modified the slides based on the 

 
2 Mason & Singh (2010). https://journals.aps.org/prper/abstract/10.1103/PhysRevSTPER.6.020124 

https://docs.google.com/spreadsheets/d/1iInuvL5d-L38e_r6XAYjrb11HymkJzfKLtbu7CsOXVo/edit#gid=1548594763
https://docs.google.com/forms/u/1/d/1c9zD_LC3IOUlstJcqzDZTyhIZhxERfxtu6uGPLXnwZk/edit
https://docs.google.com/presentation/u/1/d/1CGUzybC6HWO3zayC-RVz4HNozCCXDYo62g1v4_BeGaw/edit
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themes seen in the feedback survey, and solicited feedback on potential future directions such as new 

tools (e.g. comment analyzer), preferred frequency of use, interpretation of data displays, and other 

potential changes. 

 

Analytic Approach 

To answer our two main research questions, we used both quantitative and qualitative approaches to 

analyze our data. Table 3 shows the analytic approaches used, by question and by data source. 

Table 3: Approaches to Analyzing Quantitative and Qualitative Data 

 Data Sources Analytic Approach 

1. To what extent are teachers and students able to use the CARE assessment system as intended? 

Implement BEST project assignment? • Teacher feedback survey  

• Teacher feedback session 

• Data source artifact review 

(Exit tickets 

• Qualitative review of responses 

and identification of emergent 

themes 

 

Use CARE data tools ( Google doc, 

Task Timeline, Exit Ticket)? 

Complete rubric ratings of students?  

Interpret data displays? 

2. Does the data captured by the CARE system measure desired sub competencies in ways that are 

reliable and valid?  

To what extent did the data sources 

produce variables with sufficient 

data to capture student behaviors 

and sufficient variability to detect 

individual differences? 

• Google document 

• Task Timeline 

• Exit tickets 

• Rubric ratings 

• Frequency distributions 

• Central tendency 

• Variance 

To what extent did variables show 

theorized relationships? 
● Google document 

● Task Timeline 

● Exit tickets 

● Rubric ratings 

• Pearson and Spearman’s Rho 

Correlations 

• T-tests 

• Cronbach’s Alpha 

• Factor loadings 

• Structural equation modeling 
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Study Findings 

Research Question #1: To what extent are teachers and students able 

to use the CARE assessment system as intended?  

Descriptives 

A descriptive review of the data produced by each data source allowed the research team to gauge the 

extent to which students and teachers were able to implement the BEST project and use data tools as 

intended. As outlined in Table 4, the raw data produced by each source (e.g. Google document, Exit 

tickets, Task timelines and rubric ratings) suggests that teachers were able to implement the BEST 

project and overall students and teachers used CARE Pilot data collection tools as intended. Despite 

overall success with implementation, a review of the data suggests that not all data tools produced 

consistent data. For instance, there was a surprisingly high percentage of missing data from Exit tickets 

(51.3%), and many of the high school students did not document task roles appropriately (e.g. assigning 

all students to all tasks). In addition, the Google document produced virtually no comment data–the 

primary purpose for its pilot study use.  

Table 4: Summary of CARE Data Collected 

Data Source Expected Actual  

Google documents 65 Google Docs 64 of the expected 65 groups submitted their Google 

Docs with content. This represents 98% of the total 

expected projects. 

Note: Although 98% of groups used the Google 

document as intended, students did not use the 

comment function as expected. This resulted in there 

being insufficient data to be useful for this purpose. 

Task Timelines 65 Task 

Timelines 

64 of the expected 65 groups submitted their Task 

Timelines with content. This represents 98% of the total 

expected Task Timelines. 

Exit tickets 234 students 

 

Number (%) of students that submitted all Exit tickets: 

114/234 submissions (48.7%) 

Number (%) of students that submitted at least one exit 

ticket: 223/234 (95.3%) 

Total number of exit tickets: 663 
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Average # of tickets per project submission: 2.83  

Rubric ratings 7 teachers 

168 consented 

students 

7 teachers completed 467 rubrics (468 expected, one per 

substrand) for 234 students: 99.8% 

7 teachers repeated ratings for 1 group for at least 1 

subcompetency=100% 

Feedback Survey 7 teachers 7 of the 7 teachers=100% 

Feedback Session 7 teachers, one 

administrator 

7 of the 7 teachers=100% 

Thematic Analysis of Teacher Feedback 

To supplement descriptive analysis of raw data produced by each tool, the research team conducted a 

thematic review of teacher feedback survey comments and teacher responses and discussion during 

virtual feedback sessions. The results of the thematic, qualitative analysis suggests that overall teachers 

were able to customize and implement the BEST project template. All seven teachers reported 

successfully adapting the Best Project to fit their classroom and curriculum needs across disciplines. For 

example, a science teacher asked their students to investigate the best method to combat climate 

change, and a history teacher asked their students to determine the best method of resistance. These 

reports are supported by our review of pilot data that shows that 64 of the 65 student groups 

successfully submitted a BEST project.  

A review of teacher feedback suggests that not all of the data tools worked equally well. For instance, 

reports from high school teachers suggest that some of their students did not use the Task Timeline 

appropriately (e.g. some students listed everyone for every task) and some students complained that 

such a planning tool was overkill for such a short term and simple project. Other teachers observed that 

asking students to focus on the Google document and Task Timeline tools may have resulted in more of 

a “divide and conquer” division of responsibilities rather than more rich, collaborative discussion. Most 

teachers were able to adequately understand and interpret data displays, and preferred the detailed 

data “by source” option. Teachers shared varying degrees of valuing and trust of the specific data 

sources. For instance, more than one teacher felt that students were not thoughtful and/or truthful in 

their Exit ticket responses. At the same time, other teachers appeared to “trust” data without question. 

Given the small number of participating teachers, overall, (N=7), findings represent only emerging 

themes and trends from within the data. Full documentation of themes identified from this qualitative 

review of teacher feedback are summarized here.  

A review and discussion of descriptive and thematic results by the research team yielded a set of next 

steps for further development and testing, refinement, and potential use of CARE data templates and 

tools going forward. A summary of key findings and next steps is provided in Table 5, below. 

https://docs.google.com/document/d/1QYsr0eNX4P4wvcn7UDjdRy17U2MWBN7Z/edit
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Table 5: Usability and Perceived Validity of CARE Data by Source and Next Steps 

Easy to 
Use? 

Teachers 
value-Trust 
Data? 

Produced 
sufficient 
and 
varied 
data? 

What Worked-What Didn’t? Next Steps 

BEST Project Template 

Yes Mostly yes N/A ● Teachers were able to customize for their 
course and engage students 

● Not sufficiently challenging in HS 
● Paper as end product adversely affected 

collaboration for some 

● Mine data for future use and other comps 
● Refine template and instructions, add brainstorming section to paper 

to reveal “process”. 
● Consider different “product”-e.g. presentation 
● Explore PBA type manual review and scoring of final product by 

teachers using rubric versus automated scoring of digital signals 
● Explore use of template for other comps 

Google Document-Analysis Paper 

Yes Mostly no 
(comment 
data) 

No ● Intended to produce comment data, 
however, student use of the comment 
function was rare 

● Student focus on written product adversely 
affected collaboration for some groups 

● Test use of the Google document in asynchronous context with an 
explicit instruction to use comment feature 

● Be sure to examine comments as part of a collaborative project rather 
than other types of assignments 

● Explore use of text and comment analysis for measuring other 
competencies 

Google Sheet-Task Timeline 

Mixed 
 

Mixed 
 

Mixed 
 

● Many HS students did not use as intended 
(but most MS did) 

● Some students needed scaffolding 
● May not be appropriate for “simple, short 

term” projects 
● Focus on Task Timeline may have adversely 

affected collaboration for some groups. 

● More development needed in design and scaffolding to ensure 
consistent and appropriate use by students 

● Explore use for measuring other comps 
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Google Form-Exit Ticket 

Yes Mostly yes Mixed ● Teachers were able to administer and 
students able to complete 

● Students felt length was fine 
● Substantial missing data with cause 

unclear 
● Some teachers questioned fidelity, 

honesty of responses 

 

● Keep survey tools, refine and expand. 
● Create a separate survey for perceptions/beliefs.  
● Consider creating peer or group assessment surveys 
● Explore more varied item types in all surveys (e.g. likert, multiple 

choice, self assess strengths-weakness) 
● Identify source of missing data 
● Explore use of comment analyzer type tool to analyze open ended 

survey responses 

Rubric 

Mixed Mixed Mixed ● Teachers were able to complete for all 
students but some struggled with rubric 
rating anchors and options 

● Results suggest inflated scores, teachers 
reporting wanting to use full rating scale 

● Teachers report minimal time and basing 
ratings on prior knowledge 

● Some teachers reported not having enough 
“information to go on” when assigning 
scores 

● Revise rubrics to reflect grade bands rather than universal for all ages. 
● Consider use of rubric infrequently with use of other available data. 
● Explore other ways to gather teacher perspectives and ratings (not 

using rubric) that are meaningful, efficient and align with ratings 
assigned by students  

● Explore checklists and slider bars. 
● Clarify “observation” protocol to inform ratings 
● Test out new options with teachers 

Data Displays 

Mixed Mostly yes N/A ● Most teachers were able to make 
sense of displays  

● Teachers liked having detailed source 
level data on each student 

● Some teachers expressed mistrust of 
specific sources as valid or accurate 

● Some teachers “trusted” numbers 
too much! 
 

● More explanatory contextual information on what numbers mean–how 

to interpret the numbers.  

● Use more visual and interactive display features. Click in and away. Lots 

of drill down options. 

● Not all teachers can understand and use data appropriately, how do we 

check on this–so they don’t “over trust” or misinterpret the data ? How 

will familiarity of use change perceptions and trust of the data displays?  
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Research Question #2: Does the data captured by the CARE system 
measure desired sub competencies in ways that are reliable and valid?  

Descriptive and quantitative analysis was used to answer research question #2. Methodologist, Dr. 

Allison Tracy, conducted an array of statistical analyses to examine available data and gauge the extent 

to which items and item-sets showed promise for measuring desired constructs–including frequency 

distributions, t-tests, inter-item correlations, Cronbach’s alpha, and structural equation modeling. 

Defining Competency Constructs 
A pool of candidate items, drawn from up to four sources: Google document, Task Timeline, Exit ticket 

and Teacher Rubric, were constructed and assigned to represent each of six constructs for the two 

target sub-competencies: Col 1: Taking and Sharing Responsibility and Col 4: Giving and Receiving 

Constructive Feedback.  

Table 6: Construct Measurement by Data Source 

Construct # of items Data Sources 

Google doc Task 
Timeline 

Exit Ticket Teacher 
Rubric 

Col 1: Taking and Sharing Responsibility 

a. Internal mindset 2   x  

b. Taking Responsibility 6 x x x x 

c. Sharing Responsibility 6 x x x x 

Col 4: Giving and Receiving Constructive Feedback 

a. Internal mindset 2   x  

b. Giving feedback 6 x  x x 

c. Receiving feedback 6 x  x x 

 

Analysis Variable Construction 
For each item, frequency distributions were generated to assess the nature and extent of variation. Two 

versions of several indicators were available in the dataset: one containing continuous information (e.g., 

proportion of tasks led) and another containing the same information in binned form (4=between -5 and 

5% of tasks supported, 3=between -10 and 10%, 2=between -15 and 15%, 1=outside of range). To 

preserve the variability of information on which statistical models rely, we used the unbinned versions. 

Item distributions showed that many of the variables showed a pronounced skew (asymmetrical). 

Patterns included both negative and positive skews, bi-modal, monotonically increasing, and Poisson-



16 
 

distributed (ski slope shaped). A set of histograms of each item/variable is given in Appendix A. 

 

After review of item distributions, some item adjustments were made to minimize measurement error 

and facilitate analyses. In particular, Exit ticket “check box” items (FConSRP1b, FConSRP1c, FConSRP4b, 

FConSRP4c) were converted to a set of binary variables (0=never and 1= checked one or more times; 

new variables, FSRD1b, FSRD1c, FSRD4b, FSRD4c) rather than the original formula based on a 

proportion. From the Task Timeline tool, the number of tasks students led (SLed1bc) or supported 

(SSup1bc) were combined into a single metric rather than two separate indicators (new variable, 

SLorSP1b). In addition, a new variable “balance of tasks” (SLedFS) was constructed whereby the 

proportion of tasks a student led (SLed1bc) was divided by the expected “fair share” proportion for their 

group (NumTasks). A similar metric was created for the Google documents where all of students’ 

comments and replies were combined into a single metric (DUtt1bc) and then a “balance relative to fair 

share” variable (DRelP1c) was constructed. Once variables had been constructed, an initial set of 

analyses (t-tests and inter-item correlations) were conducted to assess the strength and nature of 

relationships between variables identified for each construct. For a detailed description of these 

validation procedures and results, see Appendix B and Appendix C for Correlation Matrices.  

 

Measures of Internal Consistency 

Initial estimates of internal consistency (Cronbach’s alpha coefficient) were obtained for each of the 

item sets (constructs) containing more than two items3 (Taking responsibility-COL1B, Sharing 

Responsibility-COL1C, Giving feedback-COL4B, and Receiving Feedback-COL4C). Cronbach’s alpha 

indicates how closely items are related and work together in a complementary fashion to measure a 

desired latent construct. Sometimes a scale can be improved by adding or removing items. The solution 

was evaluated to consider whether dropping the lowest-performing item would improve the estimate. 

Generally, psychometricians want to see an alpha coefficient of .70 or above (it is bounded by 0 and 1) 

for scales that utilize a straight item average to obtain composite scores. As shown in Table 7, none of 

the four constructs obtained an alpha coefficient reaching this desired threshold of .70. This could be 

due to the fact that there was low variability in the items. 

Factor Structure 

Subsequent to the internal consistency evaluation, a set of confirmatory factor models (CFAs) were fit to 

each item set, using the statistical modeling package Mplus (version 8.6). In these models, it is possible 

to specify ordinal indicators as categorical, thereby mapping the indicator more precisely onto the 

underlying latent variable. We treated as categorical any indicator with 5 or fewer response categories. 

It is also possible to specify the count variables as Poisson-distributed. We did this for each of the 

indicators for which “Poisson-distributed” is noted. All other indicators are treated as continuous. Based 

on an assessment of the correlation tables, the dichotomous version of the “checked boxes” indicators 

 
3 The two “internal mindset” constructs were limited to two items each. See results for validation of these 

constructs in Appendix B, which shows that selected items were NOT related and therefore should not be 
combined into a single score to measure these desired constructs.  
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was used, rather than the proportional version. If projects offer at least 5 opportunities for filling out the 

second form of the exit ticket, it is expected that the proportional version will perform better than a 

dichotomous alternative, so future psychometric work should consider the number of exit tickets in the 

study design. 

Missing data were handled by means of full information maximum likelihood estimation with a weighted 

least squares estimator. In some cases, students contributed to more than one project. This complex 

sampling design was specified in the factor models (i.e., projects were clustered within students in an 

aggregated multilevel model), controlling bias that results from clustered data. In the initial CFA for each 

set of indicators, the loadings for each item was estimated, setting the scale of the latent variable by 

fixing the latent variable variance estimate at 1.00. This allowed estimation of the standard error (and 

associated statistical significance) of all of the items. Desired factor loadings are .30 or greater. As shown 

in Table____, three of the constructs: Taking Responsibility, Giving Feedback and Receiving Feedback 

had a majority of items with factor loading meeting or exceeding the .30 benchmark.  

In an identically-fitting alternative model, the variance of the latent variable was estimated, allowing the 

estimation of its standard error and statistical significance level, while the first factor loading was fixed 

at 1.00 to set the scale of the latent variable. This indicates that scores on the target “construct” are 

sufficiently varied to distinguish between students for a given constructs.  

In summary, two sets of analyses were conducted to examine the extent to which selected item sets 

were measuring desired constructs: 1) internal consistency (alpha) and 2) SEM, which produces factor 

loadings and latent variable variance estimates. The results of these analyses suggest that only two of 

the six constructs (taking responsibility and giving feedback) show any promise for capturing desired 

constructs. In both cases, factor loadings (across data sources) are near or above .30 and internal 

consistency, while low, is sufficiently robust to suggest some scale cohesion. The latent variance 

estimate for both of these constructs, however, is low in this limited sample. Based on these findings, 

the analysis of additional data reflecting a wider range of responses is recommended to evaluate the 

current sets of items before we can recommend their use as a valid and reliable tool.  

A summary of quantitative results, and next steps are outlined in Table 7. A detailed, technical 

description of the standardized factor loadings and the latent variance estimate are reported in 

Appendix D.  
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Table 7: Results of Quantitative Analyses for Measurement of Constructs 

 

Items Multiple 
Data 
Sources? 

Internal 
Consistency 

Latent Factor 
Variance 

Factor 
Structure/Correl
ations/Validation 

Summary and Next Steps 

Col 1a: Taking and Sharing Responsibility Internal Mindset 

Exit Ticket Items 
● Working with others holds me back 

(F1Q1_1a) 
● During my group's work time, it was 

most important for me to (F3Q3_1a) 

 
 

No N/A N/A T-tests with 
other selected 
items=Not 
significant 
Spearman’s Rho 
(r=.02) 

Results from the t-tests and 
correlations conducted for the 
two items selected to measure 
the internal mindset for taking 
and sharing responsibility 
suggest that these items are 
not related, and should not be 
combined into a single score to 
capture the desired construct. 
Additional items or sources will 
need to be developed and 
tested to better measure this 
area. 

Col 1b: Taking Responsibility 

Exit Tickets 
● Proportion/Raw # of “take responsibility” 

checked (FConSRP1b and FSRD1b) 
● During group work, I prefer to wait and be 

assigned a task to do. (F1Q2_1b) 
● How much work do you feel you contributed 

to your group? (F3Q1_1bR) 
Task Timeline 

Yes Alpha=.31 Col 1b 
Variance=.20 
(ns) 

T-tests=Not 
significant 
Inter-item 
correlations=-
.15-.15 
SEM-Factor 
loadings .22-.58 

Several items (across sources) 
worked relatively well 
together, but the alpha 
coefficient was low and the 
construct lacked sufficient 
variability to distinguish 
between students in this 
limited sample.  
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● Proportion of tasks student led or 
supported (SLorSP1b)  

Google Document 
● Sum of replies and comments. 

(DUtt1bc) 
Rubric 

● Student takes on responsibilities most 
in need by their group. (Teach1b) 

Col 1c: Sharing Responsibility 

Exit Tickets 
● Proportion/Raw # of “share responsibility” 

checked (FConSRP1c) 
● I feel comfortable stepping back to let others 

do their part. (F1Q3_1c) 
● How much work do you feel you contributed 

to your group? (F3Q1_1cR) 
Task Timeline 

● Balance of tasks student led, relative 
to fair share (SLRelFS1c) 

Google Document 
● Balance of utterances, relative to fair 

share (DRelP1c) 
Rubric 

● Student helps their group identify and 
distribute responsibilities equitably. 
(Teach1c) 

Yes Alpha=.01 Col 1c 
Variance=.06 

T-tests=Not 
significant 
Inter-item 
correlations=-
.08-.14 
SEM=N/A 
 

Selected items did not have 
relationships with one another. 
Variability of latent factor was 
very low, so standardized 
factor loadings are largely 
uninterpretable. This set of 
items has very little to no 
reliable shared variance with 
which to construct a composite 
score. 

Col 4: Giving and Receiving Feedback Internal Mindset 

Exit Ticket 
● It is always useful to listen to other 

people’s feedback. (F1Q4_4a) 

No N/A N/A Spearman’s Rho 
(r=.04) 

Results from correlations for 
the two items suggest they are 
not related, and do not work 
together to capture the desired 
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● During your group’s work time, which 
of the following was most like you? 
(F3Q3_4a) 

 

construct. Additional items or 
sources will need to be 
developed and tested to better 
measure this area. 

Col 4b: Giving Constructive Feedback      

Exit Ticket 
● Proportion of working middle 

session “second” exit tickets in 
which "give feedback" is checked. 
(FConSRP4b) 

● When I give feedback, I ask the other 
person questions. (F1Q6_4b) 

Google Document 
● Number of comments (DCol1bc4b) 
● Number of questions (DQues4b) 
● Number of express opinion 

(DExpr04b) 
Rubric 
● Student ensured their feedback was 

evidence-based, specific, and timely. 
(Teach4b) 

 
 

Yes Alpha=.34 Col 4b 
variance=.39 
(ns) 

Inter-item 
correlations=-
.01-.54 
SEM Factor 
Loadings=.27-.73 

Results from inter-item 
correlations suggest that 
positive relationships are 
evident between several of the 
items selected for this 
construct. Several items (across 
sources) worked relatively well 
together, but the alpha 
coefficient was low and the 
construct lacked sufficient 
variability to distinguish 
between students. 

Col 4c: Receiving Feedback      

Exit Ticket 
● Proportion of working session 

“second” exit tickets in which "Receive 
Feedback" is checked. (FConSRP4c) 

● When someone is giving me feedback, 
I have trouble paying attention. 
(F1Q5_4c) 

Yes Alpha=.28 Col 4c 
variance=.02 
ns 

Inter-item 
correlations=-
.03-.38 
SEM Factor 
Loadings=.15-.85 

Fairly good inter-item 

correlations but not across all 

indicators. The standardized 

factor loadings may not be 

interpretable in a model where 
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Google Document 

●  Number of replies. (DRe1bc4c)  
●  Number of times feedback was 

requested. (DAskF4c)  
●  Number of times feedback was 

acknowledged. (DAckF4c)  

Rubric 
● Student actively sought out feedback 

from others even when they were not 
sure they needed it. (Teach4c) 

 
 

there is low variability in the 

latent variable.  
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Summary and Next Steps 

 

The CARE Pilot provided CCR with an important “proof of concept” opportunity. After several years of 

research and development, we partnered with two independent schools to test whether a multi-source 

assessment system could be used in the context of authentic classroom activities and settings  (i.e. those 

which advance students’ learning and are fully integrated into the normal classroom experience) to 

generate data that would be valued and trusted by teachers, and might serve as valid and reliable 

measures of 4D competencies that could be used to track progress across contexts and over time. The 

CARE pilot study was designed to address two research questions: To what extent are teachers and 

students able to use the CARE assessment system as intended? And, Does the data captured by the 

CARE system measure desired subcompetencies in ways that are reliable and valid?  

 

Highlights of our key takeaways and a set of next steps is summarized below.  

 

Research Question 1: To what extent are teachers and students able to use the 

CARE assessment system as intended? 

 

➢ Key Finding #1: It is feasible for teachers to customize and implement an authentic task or 

activity in their classrooms and use provided tools to collect data from multiple sources related 

to students’ competencies. 

 

Results of our descriptive and qualitative review suggest that overall teachers and students were able to 

execute the BEST project and use the multiple data tools as intended. For instance, all but one student 

group completed their BEST project, and teachers reported that they were able to successfully 

customize the BEST project, and have students use data collection tools. 

 

➢ Key Finding #2: Not all of the specific CARE components were valued, worked equally well, and 

some tools may have had unintended, negative consequences.  

 

Despite the overall usability of the CARE system, results suggest that implementation of specific CARE 

components and tools necessitated varying amounts of support and scaffolding, were not always seen 

as valuable, and were not always appropriately used by students. Of greater concern, two of the tools 

(Google document analysis paper and Google Sheet Task Timeline) may have had unintended 

consequences with teachers reporting that their use may have dampened rather than enhanced 

collaborative interactions among students. Further thought will be required to balance the two distinct 

goals of measuring a competency and fostering development of a competency, which sometimes 
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overlap, but sometimes do not. Additionally, more consideration should be given to how the framing 

and design of measurement tools may elicit (or dampen) competency related actions and behaviors.   

 

➢ Key Finding #3: CARE Pilot tools will require additional development, testing and refinement 

before use, but mining of current data and the repurposing of tools may yield valuable data in 

future iterations.  

 

Each of the CARE data tools worked to some extent, but all need at least some further development, 

testing or refinement. During data reviews and discussions, team members expressed concerns about 

the quality of some of the data sources and limitations of specific tools and items. In Table 5, we provide 

a summary of the key findings and next steps for each of the CARE assessment system components 

listing how each tool can be improved. An important takeaway is that some of the CARE tools contain 

data that has not yet been “mined” for possible use, and some tools might be repurposed to capture 

data that is relevant for measuring other competencies (e.g. the Task Timeline may produce data on 

students’ critical thinking and leadership).  

 

Research Question 2: Does the data captured by the CARE system measure 

desired sub competencies in ways that are reliable and valid?  

 

➢ Key Finding #4: Some data sources did not generate the quantity and variation of data we 

expected, and some produced virtually no data. This lack of variation limits use of CARE data 

for distinguishing between students.  

 

As shown in Appendix A, histograms illustrating data from each of our variables by source shows a wide 

array of distributions. Although asymmetrical distributions are not necessarily unexpected or 

problematic, some of our variables–such as those related to student comments produced virtually no 

data with nearly all students having the same result –zero comments. An overall paucity of variation in 

the CARE pilot data was also evident in the latent factor scores–variables that represent a set of items 

for a given construct. The lack of variation in this limited sample means we are not able to verify the 

psychometric properties of the tools for use in distinguishing between students when assessing a 

specific behavior or overall competency score. Further psychometric evaluation with a larger and more 

varied sample is warranted.  

 

➢ Key Finding #5: From a technical perspective results suggest that two sub-competencies: 

taking responsibility and giving constructive feedback contained item-sets that performed 

relatively well together to measure the latent construct. Although it is not clear whether these 

measures are sufficiently valid and valuable for classroom use,  these promising results signal 

early phase viability for a multi-source assessment system for measuring 4D competencies.  

 
As shown in Table 7, the sub competencies for taking responsibility and giving feedback had item sets 
that drew from four different data sources, working relatively well together to measure these 
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constructs. Among the four data sources, items drawn from two different reporters–student Exit tickets 
and Teacher rubric ratings– had particularly strong factor loadings. Although the reasons for this shared 
variability between students and teachers is unknown, and  these item sets did not reach desired levels 
of internal consistency or latent factor variance, the strength of cross-source factor loadings signals 
possible early phase viability for the creation of an assessment system that can draw from varying 
sources to measure 4D competencies.  
 

Next Steps 

A review and discussion of study findings by the research team resulted in a set of next steps and also 

raised several new questions that need to be addressed before conducting future pilot studies or trials. 

For instance, some team members wondered whether formal statistical tests were appropriate at this 

phase of development with such limited samples of data, given the wide range of behaviors that few 

tools aimed to measure and the narrow background of the study group. Other team members wondered 

about the feasibility of having a competency or sub competency score, and whether the creation of a 

summative assessment system was a desirable and achievable end goal.  

Next Steps: Refinement of CARE Assessment Tools and Templates 
 

● Mine existing data from CARE pilot to explore potential new sources of data for capturing 
competencies from existing tools 

● Further develop and refine existing tools (informed by interviews, observations and “think 
alouds”) and consider uses for measuring other competencies.  

● Consider suitability for varying subject and grade levels when designing tools/templates and 
ensure that use of tools helps elicit (and does not inhibit) relevant competency-related actions 
and behaviors. 

● Pretest viability of tools (rapid trials) prior to formal pilot testing to ensure sufficient data will be 
produced. 

 

Next Steps: Clarify Approach for Measurement and Future Pilots 
 
Meet with CCR founder and broader CCR team to clarify and confirm purposes and plans for the 
measurement of 4D competencies and the design and analytic methods for future pilots: 

● Revisit and confirm/clarify desired purpose, grain size, and rigor level of desired assessment 
system (i.e. formative versus summative; desired levels of reliability and validity, scores at 
competency, sub competency, or sub-sub  level, types of expected comparisons to be made). 

● Refine plan for design of future trials (e.g. open ended/exploratory, AB testing, correlation with 
established measure, rapid trials, formal pilot studies). 

● Explore alternative statistical methods for examining data from pilots (i.e. Bayesian probability 
vs. traditional correlations, t-tests, Cronbach’s alpha)  

● Explore methods for determining the final “scores” assigned to students after measures 
developed (partnering with methodologists specializing in scoring systems) – e.g. moving from 
baseline based on outliers, basing weighting on factor loadings (potentially iteratively) 

● Partner with a methodologist prior to conducting each pilot to ensure research design, data 
sources (e.g. formative vs. reflective indicators) and methods will produce desired data to 
answer questions.  
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Appendix A. Frequency Distributions for Analysis Variables 
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COL1A: Internal Mindset for Taking and Sharing Responsibility 
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COL1B: Taking Responsibility 
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COL1C: Sharing Responsibility 
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COL4A: Internal Mindset for Giving and Receiving Constructive Feedback 
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COL4B: Giving Constructive Feedback 
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COL4C: Receiving Constructive Feedback 
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Appendix B. Analysis Variables, Inter-Item Correlations and 
Validation 
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COL1A: Internal Mindset for Taking and Sharing Responsibility 
Two items, taken from the student exit ticket survey, were identified as indicators of a student’s internal 
mindset for taking and sharing responsibility. The wording of these items and the array of responses 
available to the student followed by the variable name in parentheses are given below: 
 

COL1A, item 1 - Working with others holds me back: 1=agree a lot, 2=mostly agree, 3=agree a little, 
4=don't agree. (F1Q1_1a) 

This item was heavily negatively skewed (many fewer students agreed than disagreed with the 
statement). The mean for this sample, based on 210 providing data, was 3.49 (std dev=0.77). 

 
COL1A, item 2 - During my group's work time, it was most important for me to... 1=complete tasks 
assigned to me, 2=do my fair share, 3=do whatever the group needed, 4=make sure everyone 
actively helped our group. (F3Q3_1a) 

This item was only slightly positively skewed (students tended to somewhat underutilize the category 
representing an effort for full inclusion by all students in the group, namely response category 4). The 
mean of 184 responses was 2.17 (std dev=0.91). 
 

Validation. If a student disagreed with the statement “Working with others holds me back,” (COL1A, 
item 1) s/he was expected to take more responsibility. Three hypotheses were posited for validation 
testing of this item, but None of these hypotheses were supported by the t-tests. Specifically, students 
disagreeing more strongly with the statement were expected to be more likely to (1) check the box for 

“Take Responsibility” the exit ticket (don’t agree/agree a little = 88.2% checked, mostly agree/agree a lot 
= 82.7% checked, ns), (2) rate themselves as contributing more work than others in the group (don’t 
agree/agree a little = 3.26, mostly agree/agree a lot = 3.45, ns), (3) and show evidence of imbalance in 
the proportion of tasks led, relative to others in the group (don’t agree/agree a little = 80.2, mostly 
agree/agree a lot = 80.0, ns, where 0 represents strong imbalance and 100 represents perfect balance of 
tasks led). These tests are underpowered; fewer than 20 students who did not agree or agreed a little 
with the first COL1A item contributed data on the validator items. Only one of the three tests resulted in 
values in the expected direction. 
 
Several hypotheses were posited with respect to COL1A, item 2. Specifically, a student who selected the 
response option “do my fair share” in response to the prompt about what was most important during 
the group’s work time was more likely to lead a balanced number of tasks, relative to her/his group. This 
hypothesis was not supported (did not select “do my fair share” = 79.0, selected ”fair share” = 74.9, ns, 
where 0 represents strong imbalance and 100 represents perfect balance of tasks led). Further, a 
student who selected the response option “do whatever the group needed” was hypothesized to lead or 
support a greater proportion of tasks, relative to other group members. This hypothesis was also not 
supported (did not select “do whatever the group needed” = 63.7%, selected ”do whatever the group 
needed” = 62.0%, ns). These two t-tests were associated with greater statistical power than the tests 
associated with the first item, due to a more even distribution of responses; however, neither of the test 
results associated with the second COL1A item were in the expected direction. 
 
Inter-item correlations. We expected these two items to be moderately related to one another, as they 
were identified as indicators of the same underlying construct. However, the correlation (Spearman’s 
rho was used, due to the non-normal, ordinal distributions) was very weak and not statistically 
significant (r=.02). It appears that these facets of a student’s internal mindset may be relatively 
independent of one another. No further statistical modeling was undertaken for the COL1A construct. 
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COL1B: Taking Responsibility 
Six items were identified as indicators of a student’s tendency to take responsibility: three from student 
exit tickets (items 1, 2, & 3), one from Google task-timeline sheets (item 4), one from Google documents 
(item 5), and one from teacher rubric ratings (item 6).  
 

COL1B, item 1 - Proportion of second exit tickets in which "Take Responsibility" is checked. 
(FConSRP1b) 

This item draws from the following two variables obtained from student exit tickets: (1) the number of 
times "Take responsibility" was checked (FSelfR1b) and (2) the number of times the student filled out 
the middle working sessions (referred to as the “2nd”) exit ticket (F2NumRes). The indicator was 
calculated as SelfR1b/F2NumRes. In total, 192 students contributed second exit tickets. On average, 
students checked this attribute 89% of the time (std dev=0.27). This indicator had very little variability 
and was strongly skewed to the left (most students checked Take Responsibility 100% of the time they 
filled out a second exit ticket).  
 
Because there were few opportunities to fill out the second form of the exit ticket in this study, there 
was some concern that this indicator may contain a fair amount of measurement error. In an attempt to 
minimize error (although also decreasing variability), an alternative formulation of this indicator, coded 
1 if the box was checked on any 2nd form of the exit ticket and coded 0 otherwise, was also examined. 
In practice, it is anticipated that the proportional version will outperform the dichotomous version 
psychometrically when the number of opportunities to check this box increases (many second exit 
tickets).  

 
COL1B, item 2 - During group work, I prefer to wait and be assigned a task to do. 1=agree a lot, 
2=mostly agree, 3=agree a little, 4=don't agree. (F1Q2_1b) 

Of the 210 students contributing information on this indicator, the mean response was 3.06 (std 
dev=0.97). The distribution was monotonically increasing; each response category was endorsed more 
frequently than the previous category, yielding a heavily negatively skewed distribution (most students 
disagree with this statement). 

  
COL1B, item 3 - How much work do you feel you contributed to your group? 1=I did a lot less work 
than other group members, 2=I did a little less work than other group members, 3=I did about the 
same amount of work as everyone else, 4=I did a little more work than other group members, 5=I did 
a lot more work than other group members. (F3Q1_1bR) 

Overall, 184 students contributed information on this indicator. The mean for this indicator was 3.26 
(std dev=0.63). The distribution was fairly symmetrical. 

 

COL1B, item 4 - Proportion of tasks student led or supported. (SLorSP1b) 
This indicator drew from three variables extracted from the task-timeline sheet: (1) the number of tasks 
led in task timeline ( SLed1bc), (2) the number of tasks supported in task timeline (SSup1bc), and (3) the 
number of tasks student had on their task timeline (NumTasks). The indicator used in the analysis 
models was calculated as (SLed1bc+ SSup1bc)/NumTasks, and the result was set to missing if 
NumTasks<SLorSP1b. The mean of this derived indicator was 0.60 (std dev=0.26, N=225). This 
distribution was fairly even and somewhat normal, with the exception of a preponderance of cases at 
100%. 

 
COL1B, item 5 - Sum of replies and comments. (DUtt1bc) 

This count variable is Poisson-distributed (ski-slope shaped), with a preponderance of zeros. The mean 
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of the 234 responses was 0.41 (std dev=1.38). 
  
COL1B, item 6 - Student takes on responsibilities most in need by their group. 1=only tasks they 
wanted to complete, 2=tasks that were assigned, 3=fair share of tasks, 4=stepped up to fill gaps. 
(Teach1b) 

This indicator, obtained from teacher surveys, was nearly symmetric. The mean of 233 responses was 
2.88 (std dev=0.87). 

 
Validation. It was hypothesized that students who felt that they did more than other group members 
would lead or support more tasks than would be expected by chance alone. A t-test comparing the 
proportion of tasks led or supported across students who (1) indicated they did a little more or a lot 
more work than other group members (N=43, mean=67.8%) and (2) students who indicated they did the 
same amount, a little less, or a lot less (N=103, mean=61.3%). This hypothesis was marginally supported 
(t=-1.51, p<.10).  
 
Similarly, students who felt they did more than other group members were hypothesized to comment 
and reply more than other students. Using the same grouping of students, a second t-test compared the 
number of utterances (mean=0.70 vs 0.57, respectively, t=.-0.40, ns) and the proportional “balance” of 
utterances (0=none or all, 100=perfect balance, given group size) (mean=68.0 vs 73.6, respectively, 
t=1.71, one sided p<.05), showing only partial support for the hypothesis. 
 
It was also hypothesized that students who felt they did less than others would also indicate that they 
lead or support proportionally fewer tasks. Comparing a group of who indicated that they did a little less 
or did a lot less than other group members (N=5) with a second group who indicated that they did the 
same amount, a little more, or a lot more (N=141) with respect to the proportion of tasks lead or 
supported (mean=40.0% vs 64.1%, respectively). Despite having low statistical power due to a sparse 
subsample in one category, this hypothesis was supported (t=3.10, p<.05). 
 
Inter-item correlations. Correlations between the proportional version of COL1B, item 1 and other 
indicators for this construct were generally more positive (less negative) than the dichotomous version 
(average R=.02 vs .05, respectively). The correlations associated with the proportional version ranged 
from -.15 to .09, while correlations associated with the dichotomous version ranged from -.06 to .12. For 
this reason, we focus on the dichotomous version for this report. Correlation of COL1B, item 2 with 
other indicators range from -.02 to .13 (mean=.06). Correlations of COL1B, item 3 with other indicators 
ranged from .04 to .18 (mean=.11). Correlations of COL1B, item 4 with other indicators ranged from -.05 
to .18 (mean=.07). Correlations of COL1B, item 5 with other indicators ranged from -.06 to .15 
(mean=.01). Correlations of COL1B, item 6 with other indicators ranged from .02 to .15 (mean=.10). The 
full correlation matrix is given in Appendix B. 
 
COL1C: Sharing Responsibility 
Six items were identified as indicators of a student’s tendency to share responsibility: three from 
student exit tickets (items 1, 2, & 3), one from task-timeline sheets (item 4), one from Google 
documents (item 5), and one from teacher rubric ratings(item 6).  
 

COL1C, item 1 - Proportion of middle working session “second” exit tickets in which "share 
responsibility" is checked. (FConSRP1c) 

This indicator draws from two items obtained from the student exit tickets: (1) the number of times 
"Share Responsibility" was checked (FSelfR1c) and (2) the number of times the student filled out the 
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second form of the exit ticket (F2NumRes). The constructed indicator used in analysis was calculated as 
FSelfR1c/F2NumRes. This indicator was bimodal (0% and 100%) with few codes at 50%. 

 
COL1C, item 2 - I feel comfortable stepping back to let others do their part. 1=don't agree, 2=agree a 
little, 3=mostly agree, 4=agree a lot. (F1Q3_1c) 

This indicator was negatively skewed (more students mostly agreeing or agreeing a lot). Of the 210 
responses, the average was 3.10 (std dev=0.84). 

 
COL1C, item 3 - How much work do you feel you contributed to your group? 1=I did a lot less work 
than other group members, 2=I did a lot more work than other group members, 3=I did a little more 
work than other group members, 4=I did a little less work than other group members, 5=I did about 
the same amount of work as everyone else. (F3Q1_1cR) 

This indicator had a somewhat lumpy distribution with a preponderance of responses of 5 and a smaller 
mode at 3. The mean of the 184 responses was 4.34 (std dev=1.00). 

 

COL1C, item 4 - Balance of tasks student led, relative to fair share. (SLRelFS1c) 
This indicator drew from two variables obtained from the task timeline: (1) the number of students in 
group, determined by teacher (GrpSize), which was used to represent the student’s fair share 
proportion of tasks, calculated as 1/GrpSize (SLedFS) and (2) the number of tasks led in task timeline 
(SLed1bc), converted to reflect a proportion (SLedP = SLed1bc/NumTasks). These two variables were 
used to construct an indicator of balance in which a score of 0 represents students who led all or no 
tasks (maximum imbalance) and a score of 100 represents students who led exactly their fair share 
(perfect balance), calculated as shown below: 
IF (SLedP>SLedFS), SLRelFS1c = (SLedFS/SLedP)*100. 
IF (SLedP<SLedFS), SLRelFS1c = (SLedP/SLedFS)*100. 
IF (SLedP=SLedFS), SLRelFS1c = 100. This constructed indicator was negatively skewed (more balanced 
responses), with a preponderance of values at 100 (perfectly balanced to group size).  

 
COL1C, item 5 - Balance of utterances, relative to student’s fair share. (DRelP1c)  

This indicator drew from the number of utterances in the document and was calculated as 100-
ABS(DRelP1bc), where DRelP1bc reflects the comment proportion compared to expected "fair share" 
(100%=take full responsibility, -100%=give up all responsibility). The absolute value formulation results 
in scores that range from 0 (contributed all or none of the utterances) through 100 (contributed exactly 
fair share). Information at the lower end of this continuum (imbalanced utterances) was sparse, and the 
distribution was negatively skewed. The mean of the 234 students contributing data to this indicator 
was 71.78 (std dev=15.67). 

 
COL1C, item 6 - Student helps their group identify and distribute responsibilities equitably. 1=shared 
tasks to suit own needs, 2=shared tasks by seeking mutual benefits, 3=student cooperated to suit the 
entire group, 4=student ensured an equitable share of work for all group members. (Teach1c) 

Teacher responses to this survey item were monotonically increasing; each response category had more 
endorsements than the previous. The mean of the 233 responses was 3.11 (std dev=0.94). 
 
Validation. It was hypothesized that students making more claims of sharing responsibility will support 
more tasks than expected. The correlation between the proportional version of COL1C, item 1 and the 
balance of tasks supported among the 161 students contributing information was 0.10 (ns); the 
hypothesis was not supported. 
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It was hypothesized that students who agree that they are comfortable stepping back to let others do 
their part will support more tasks than expected. The t-test comparing the balance of tasks supported 
(0=none or all, 100=perfect balance, given group size) across a group of 43 students who agree a lot with 
being comfortable stepping back (mean=41.4%) with a second group of 103 students who did not agree 
a lot (mean=25.0%) did not support the hypothesis (t=-.06, ns). 
 
It was hypothesized that students who disagree with a statement about being comfortable stepping 
back will have an imbalance in the number of tasks they lead or support. Comparing the mean “led 
tasks” balance score (0=none or all, 100=perfect balance, given group size) across a group of 5 students 
who indicated that they don’t agree or agree a little (mean=78.1) with a second group of 141 students 
who indicated that they mostly agree or agree a lot (mean=77.3). This hypothesis was underpowered, 
due to a low sample size in one group, and did not support the hypothesis (t=-.14, ns). A similar t-test 
comparing these two groups on the balance score for tasks supported failed to return a valid result, due 
to the sparse group size. 
 
Inter-item correlations. Correlations between the proportional version of COL1C, item 1 and other 
indicators for this construct were generally more positive (less negative) than the dichotomous version 
(average R=-.01 vs -.001, respectively). The correlations associated with the proportional version ranged 
from -.08 to .13, while correlations associated with the dichotomous version ranged from -.08 to .14. To 
parallel the decision made for COL1B, we focus on the dichotomous version for this report, although 
both versions seem equally poorly related with other indicators in this set. Indeed, most indicators in 
this set have unexpectedly weak positive or even negative correlations with one another in this set. 
Correlation of COL1C, item 2 with other indicators range from -.05 to .03 (mean=-.01). Correlations of 
COL1C, item 3 with other indicators ranged from -.16 to .10 (mean=-.03). Correlations of COL1C, item 4 
with other indicators ranged from -.03 to .13 (mean=.04). Correlations of COL1C, item 5 with other 
indicators ranged from -.07 to .10 (mean=.01). Correlations of COL1C, item 6 with other indicators 
ranged from -.16 to .14 (mean=.01). The full correlation matrix is given in Appendix B. 
 
COL4A: Internal Mindset for Giving and Receiving Constructive Feedback 
Two items, taken from the student exit ticket survey, were identified as indicators of a student’s internal 
mindset for giving and receiving feedback. 
 

COL4A, item 1 - It is always useful to listen to other people’s feedback. 1=don't agree, 2=agree a 
little, 3=mostly agree, 4=agree a lot. (F1Q4_4a) 

Responses to this item were monotonically increasing. The mean of the 210 responses was 3.52 (std 
dev=0.64). 

 
COL4A, item 2 - During your group’s work time, which of the following was most like you? 1=I didn’t 
need feedback from others to do my best work, 2=I was willing to listen to feedback, 3=I looked 
forward to getting feedback from others, 4=I asked others to give me feedback, even when I was not 
sure I needed it. (F3Q3_4a) 

The distribution of this indicator was somewhat asymmetric, with few endorsing the first response 
category. The mean of the 184 responses was 2.62 (std dev=.84). 
 
Validation. No hypotheses were posited for this set of indicators. 
 
Inter-item correlations. We expected these two items to be moderately related to one another. 
However, the correlation (similar to COL1A, Spearman’s rho was used, due to the non-normal, ordinal 
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distributions) was very weak and not statistically significant (r=.04). No further statistical modeling was 
undertaken for the COL4A construct.  
 
COL4B: Giving Constructive Feedback 
Six items were identified as indicators of a student’s tendency to give constructive feedback: two from 
student exit tickets (items 1 & 2), three from Google documents (items 3, 4, & 5), and one from teacher 
rubric ratings (item 6).  
 

COL4B, item 1 - Proportion of working middle session “second” exit tickets in which "give feedback" 
is checked. (FConSRP4b) 

This analysis variable drew from two variables obtained from the student exit tickets: (1) the number of 
times "Give feedback" checked (FSelfR4b) and (2) the number of times the student filled out the second 
form of the exit ticket (F2NumRes). The analysis variable was calculated as FSelfR4b/F2NumRes. This 
indicator was bimodal with a preponderance of responses at 100% and a smaller mode at 0%. Few 
students had intermediate values. The mean of the 192 responses was 75% (std dev=.42). 

 
COL4B, item 2 - When I give feedback, I ask the other person questions. 1=don't agree, 2=agree a 
little, 3=mostly agree, 4=agree a lot. (F1Q6_4b) 

This indicator was fairly symmetric. The mean of the 210 responses was 2.98 (std dev=0.83). 
 
COL4B, item 3 - Number of comments. (DCo1bc4b) 

This Poisson-distributed indicator had a preponderance of responses at 0. The mean of the 234 
responses was 0.29 (std dev=0.92). 

 
COL4B, item 4 - Number of questions. (DQues4b) 

There were very few non-zero responses to this item. The mean of the 234 responses was 0.07 (std 
dev=0.39). 

 
COL4B, item 5 - Number of expressions of opinion. (DExprO4b)  

Similarly, there were few non-zero responses to this indicator. The mean of 234 cases was 0.06 (std 
dev=0.30). 

 
COL4B, item 6 - Student ensured their feedback was evidence-based, specific, and timely. 1=student 
gave general feedback, 2=student gave corrective feedback on superficial qualities, 3=student gave 
feedback that focuses on the quality and content of the work, 4=student gave feedback that was 
evidence-based, specific, and immediate. (Teach4b) 

The distribution of this indicator was fairly symmetric. The mean of 234 responses was 2.72 (std 
dev=0.93). 
 
Validation. No hypotheses were posited for this set of indicators. 
 
Inter-item correlations. Correlations between the proportional version of COL4B, item 1 and other 
indicators for this construct were generally more positive (less negative) than the dichotomous version 
(average R=.10 vs .12, respectively). The correlations associated with the proportional version ranged 
from -.01 to .31, while correlations associated with the dichotomous version ranged from .04 to .32. For 
this reason, we focus on the dichotomous version for this report. Correlation of COL4B, item 2 with 
other indicators range from .06 to .32 (mean=.16). Correlations of COL4B, item 3 with other indicators 
ranged from .05 to .54 (mean=.26). Correlations of COL4B, item 4 with other indicators ranged from .04 
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to .48 (mean=.23). Correlations of COL4B, item 5 with other indicators ranged from .04 to .54 
(mean=.25). Correlations of COL4B, item 6 with other indicators ranged from .04 to .18 (mean=.10). The 
full correlation matrix is given in Appendix C. 
 
 
COL4C: Receiving Constructive Feedback 
Six items were identified as indicators of a student’s tendency to receive constructive feedback: two 
from student exit tickets (items 1 & 2), three from Google documents (items 3, 4, & 5), and one from 
teacher rubric ratings (item 6).  
 

COL4C, item 1 - Proportion of working session “second” exit tickets in which "Receive Feedback" is 
checked. (FConSRP4c) 

This indicator drew from two variables available in the student exit tickets: (1) the number of times 
"Receive feedback" was checked (FSelfR4c) and (2) the number of times the student filled out the 
second exit ticket (F2NumRes). The analysis indicator was calculated as FSelfR4c/F2NumRes. This 
indicator was bimodal with most students checking the box 100% of the time, with smaller mode at 0%. 
Few students had intermediary values. The mean of the 192 responses was 0.61 (std dev=0.46). 

 
COL4C, item 2 - When someone is giving me feedback, I have trouble paying attention. 1=agree a lot, 
2=mostly agree, 3=agree a little, 4=don't agree. (F1Q5_4c) 

This indicator was monotonically increasing. The mean of the 210 responses was 3.62 (std dev=0.74). 
 
COL4C, item 3 - Number of replies. (DRe1bc4c)  

This indicator had few non-zero responses. The mean of the 234 responses was 0.12 (std dev=0.63). 
 
COL4C, item 4 - Number of times feedback was requested. (DAskF4c)  

Similarly, this indicator had few non-zero responses. The mean of the 234 responses was 0.25 (std 
dev=1.26). 

 
COL4C, item 5 - Number of times feedback was acknowledged. (DAckF4c)  

This indicator had very few non-zero responses. The mean of the 234 responses was 0.01 (std dev=0.15). 
It is not likely that this indicator will yield admissible estimates in statistical models, using this sample, 
due to lack of variability. This indicator was omitted at the CFA stage. 

 
COL4C, item 6 - Student actively sought out feedback from others even when they were not sure they 
needed it. 1=student was resistant to feedback, 2=student was only open to specific feedback, 
3=student was open to most feedback, 4=student actively sought feedback from others. (Teach4c) 

This indicator was fairly symmetric. The mean of the 234 responses was 2.86 (std dev=0.79). 
 
Validation. No hypotheses were posited for this set of indicators. 
 
Inter-item correlations. Correlations between the proportional version of COL4C, item 1 and other 
indicators for this construct were generally more positive (less negative) than the dichotomous version 
(average R=.02 vs .06, respectively). The correlations associated with the proportional version ranged 
from -.04 to .10, while correlations associated with the dichotomous version ranged from -.03 to .16. For 
this reason, we focus on the dichotomous version for this report. Correlation of COL4C, item 2 with 
other indicators range from -.04 to .08 (mean=.01). This item was poorly related to all other indicators 
and so was omitted from further testing. Correlations of COL4C, item 3 with other indicators ranged 



55 
 

from -.04 to .94 (mean=.26). Obviously, the number of replies was nearly collinear with the number of 
times feedback was requested, leading to a determination that only one of these indicators be used in 
further modeling. Omitting the collinear cell, correlations associated with COL4C, item 3 ranged from -
.04 to .22 (mean=.09). Also omitting the collinear cell, correlations of COL4C, item 4 with other 
indicators ranged from -.02 to .38 (mean=.14). Correlations of COL4C, item 5 with other indicators 
ranged from .05 to .38 (mean=.15). Correlations of COL4C, item 6 with other indicators ranged from .05 
to .16 (mean=.11). The full correlation matrix is given in Appendix C. 
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Appendix C. Correlation Matrices 
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Appendix B. Correlation Matrices for Each Set of Indicators. 

 

COL1A: Internal Mindset for Taking and Sharing Responsibility 

 
COL1B: Taking Responsibility 
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COL1C: Sharing Responsibility 
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COL4A: Internal Mindset for Giving and Receiving Constructive Feedback 

 
COL4B: Giving Constructive Feedback 
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COL4C: Receiving Constructive Feedback 
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Appendix D. Latent Variable Internal Consistency and Factor Structure 
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COL1B: Taking Responsibility 
The initial alpha coefficient was 0.17 for this construct. Omitting COL1B, item 5 (number of comments 
and replies) improved the coefficient somewhat (alpha=0.31), leading to a decision to omit this item 
from further analysis in the CFA.  
 
Using the dichotomous version of item 1 in the CFA, the variability of the latent variable was only 0.06 
(ns), indicating that there may be little variability in the tendency of students in this sample to take 
responsibility, the need for refinement of the items to reduce measurement error, and/or the 
development of additional indicators that have stronger intercorrelations. The standardized factor 
loading (which are bounded by 0 and 1) was 0.45 (p<.05) for COL1B, item 1, 0.22 (ns) for COL1B, item 2, 
0.58 (p<.05) for COL1B, item 3, 0.37 (p<.05) for COL1B, item 4, and 0.28 (p<.05) for COL1B, item 6. 
Generally, psychometricians like to see standardized factor loadings of 0.30 or higher. Perhaps the two 
indicators not achieving this criterion would perform better in a bigger sample or one with greater 
diversity in student tendencies toward taking responsibility in a project. 
 
COL1C: Sharing Responsibility 
The initial alpha coefficient was -0.08 for this construct, which is an estimate below the theoretical 
boundary of 0. This indicates that this set of items has very little to no reliable shared variance with 
which to construct a composite score. The alpha coefficient was not substantially improved by omitting 
any single item.  
 
Using the dichotomous version of item 1 in the CFA, the variability of the latent variable was only 0.06 
(ns), indicating that there may be little variability in the tendency of students in this sample to share 
responsibility, the need for refinement of the items to reduce measurement error, and/or the 
development of additional indicators that have stronger intercorrelations. Because the variability of the 
latent factor is so low, we do not report the standardized factor loadings, which are largely 
uninterpretable when the latent variable is not well-indicated. 
 
COL4B: Giving Constructive Feedback 
The initial alpha coefficient was 0.48 for this construct. However, based on the moderate collinearity 
among item 3 (number of comments) with items 4 and 5 (R=.48 and .54 for number of questions and 
number of expressions of opinion, respectively), paired with the conceptual overlap since these 
indicators draw from nearly identical information, we omitted items 4 and 5. By keeping item 3 instead 
of items 4 and 5, we privilege parsimony. However, in situations where projects are more complex and 
the number of questions and expressions of opinion carry distinct information, perhaps a different 
choice might be made (selecting items 4 and 5 over item 3). Future psychometric study should consider 

this issue. The alpha coefficient for the revised item set was 0.32, lowered because there was an upward 
bias in the original estimate, due to the identified collinearity. Further omitting item 3 would raise the 
alpha coefficient, but only slightly (alpha=0.37). To preserve the richness of the construct (drawing from 
different sources), we chose to retain item 3 in the CFA models. 
 
Using the dichotomous version of item 1 in the CFA, the variability of the latent variable was 0.39 but 
this estimate was non-significant, indicating that there may be little variability in the tendency of 

students in this sample to take responsibility, the need for refinement of the items to reduce 
measurement error, and/or the development of additional indicators that have stronger 
intercorrelations.  
 
The standardized factor loading was 0.62 (p<.05) for COL1B, item 1, 0.73 (p<.05) for COL1B, item 2, 0.29 
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(p<.05) for COL1B, item 3, and 0.27 (p<.05) for COL1B, item 6. The two weakest loadings might perform 
to meet the 0.30 target in a sample with greater variability in the tendency of students to give 
constructive feedback. 
 
COL4C: Receiving Constructive Feedback 
The initial alpha coefficient (omitting item 2 due to low correlations with other indicators) was 0.28 for 
this construct.Following the same logic used for COL4B, we evaluated the collinearity of item 3 (number 
of replies) with items 4 and 5 (R=.94 and .22 for number of requests for feedback and number of 
acknowledgments of feedback, respectively), ultimately omitting items 4 and 5.  
 

The variability of the latent variable was only 0.02 (ns), indicating that there may be little variability in 

the tendency of students in this sample to take responsibility, the need for refinement of the items to 
reduce measurement error, and/or the development of additional indicators that have stronger 
intercorrelations. The standardized factor loadings are not interpretable in a model where the latent 
variable is this poorly indicated.
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