NATIONAL QUALITY FORUM—Measure Testing (subcriteria 2a2, 2b2-2b7)

Measure Number (if previously endorsed): Click here to enter NQF number
Measure Title:  Family Experiences with Coordination of Care (FECC)-1 Has Care CoordinatorDate of Submission:  9/29/2015
Type of Measure:
	☐ Composite – STOP – use composite testing form
	☐ Outcome (including PRO-PM)

	☐ Cost/resource
	☒ Process

	☐ Efficiency
	☐ Structure



	Instructions
· Measures must be tested for all the data sources and levels of analyses that are specified. If there is more than one set of data specifications or more than one level of analysis, contact NQF staff about how to present all the testing information in one form.
· For all measures, sections 1, 2a2, 2b2, 2b3, and 2b5 must be completed.
· For outcome and resource use measures, section 2b4 also must be completed.
· If specified for multiple data sources/sets of specificaitons (e.g., claims and EHRs), section 2b6 also must be completed.
· Respond to all questions as instructed with answers immediately following the question. All information on testing to demonstrate meeting the subcriteria for reliability (2a2) and validity (2b2-2b6) must be in this form. An appendix for supplemental materials may be submitted, but there is no guarantee it will be reviewed.
· If you are unable to check a box, please highlight or shade the box for your response.
· Maximum of 20 pages (incuding questions/instructions; minimum font size 11 pt; do not change margins). Contact NQF staff if more pages are needed.
· Contact NQF staff regarding questions. Check for resources at Submitting Standards webpage.
· For information on the most updated guidance on how to address sociodemographic variables and testing in this form refer to the release notes for version 6.6 of the Measure Testing Attachment.



	Note: The information provided in this form is intended to aid the Steering Committee and other stakeholders in understanding to what degree the testing results for this measure meet NQF’s evaluation criteria for testing.

2a2. Reliability testing 10 demonstrates the measure data elements are repeatable, producing the same results a high proportion of the time when assessed in the same population in the same time period and/or that the measure score is precise. For PRO-PMs and composite performance measures, reliability should be demonstrated for the computed performance score.

2b2. Validity testing 11 demonstrates that the measure data elements are correct and/or the measure score correctly reflects the quality of care provided, adequately identifying differences in quality.  For PRO-PMs and composite performance measures, validity should be demonstrated for the computed performance score.
[bookmark: _Toc256067249]
2b3. Exclusions are supported by the clinical evidence; otherwise, they are supported by evidence of sufficient frequency of occurrence so that results are distorted without the exclusion; 12
AND 
If patient preference (e.g., informed decisionmaking) is a basis for exclusion, there must be evidence that the exclusion impacts performance on the measure; in such cases, the measure must be specified so that the information about patient preference and the effect on the measure is transparent (e.g., numerator category computed separately, denominator exclusion category computed separately). 13

[bookmark: _Toc256067250]2b4. For outcome measures and other measures when indicated (e.g., resource use): 
· an evidence-based risk-adjustment strategy (e.g., risk models, risk stratification) is specified; is based on patient factors (including clinical and sociodemographic factors) that influence the measured outcome and are present at start of care; 14,15 and has demonstrated adequate discrimination and calibration
OR
· rationale/data support no risk adjustment/ stratification. 

2b5. Data analysis of computed measure scores demonstrates that methods for scoring and analysis of the specified measure allow for identification of statistically significant and practically/clinically meaningful 16 differences in performance;
OR
there is evidence of overall less-than-optimal performance. 

2b6. If multiple data sources/methods are specified, there is demonstration they produce comparable results.

2b7. For eMeasures, composites, and PRO-PMs (or other measures susceptible to missing data), analyses identify the extent and distribution of missing data (or nonresponse) and demonstrate that performance results are not biased due to systematic missing data (or differences between responders and nonresponders) and how the specified handling of missing data minimizes bias.

Notes
[bookmark: Note8][bookmark: Note9][bookmark: Note10]10. Reliability testing applies to both the data elements and computed measure score. Examples of reliability testing for data elements include, but are not limited to: inter-rater/abstractor or intra-rater/abstractor studies; internal consistency for multi-item scales; test-retest for survey items. Reliability testing of the measure score addresses precision of measurement (e.g., signal-to-noise).
[bookmark: Note11]11. Validity testing applies to both the data elements and computed measure score. Validity testing of data elements typically analyzes agreement with another authoritative source of the same information. Examples of validity testing of the measure score include, but are not limited to: testing hypotheses that the measures scores indicate quality of care, e.g., measure scores are different for groups known to have differences in quality assessed by another valid quality measure or method; correlation of measure scores with another valid indicator of quality for the specific topic; or relationship to conceptually related measures (e.g., scores on process measures to scores on outcome measures).  Face validity of the measure score as a quality indicator may be adequate if accomplished through a systematic and transparent process, by identified experts, and explicitly addresses whether performance scores resulting from the measure as specified can be used to distinguish good from poor quality.
[bookmark: Note12]12. Examples of evidence that an exclusion distorts measure results include, but are not limited to: frequency of occurrence, variability of exclusions across providers, and sensitivity analyses with and without the exclusion.  
[bookmark: Note13]13. Patient preference is not a clinical exception to eligibility and can be influenced by provider interventions.
[bookmark: Note14][bookmark: Note15]14. Risk factors that influence outcomes should not be specified as exclusions
[bookmark: Note16]15. With large enough sample sizes, small differences that are statistically significant may or may not be practically or clinically meaningful. The substantive question may be, for example, whether a statistically significant difference of one percentage point in the percentage of patients who received  smoking cessation counseling (e.g., 74 percent v. 75 percent) is clinically meaningful; or whether a statistically significant difference of $25 in cost for an episode of care (e.g., $5,000 v. $5,025) is practically meaningful. Measures with overall less-than-optimal performance may not demonstrate much variability across providers.




1. DATA/SAMPLE USED FOR ALL TESTING OF THIS MEASURE
Often the same data are used for all aspects of measure testing. In an effort to eliminate duplication, the first five questions apply to all measure testing. If there are differences by aspect of testing,(e.g., reliability vs. validity) be sure to indicate the specific differences in question 1.7. 

1.1. What type of data was used for testing? (Check all the sources of data identified in the measure specifications and data used for testing the measure. Testing must be provided for all the sources of data specified and intended for measure implementation. If different data sources are used for the numerator and denominator, indicate N [numerator] or D [denominator] after the checkbox.)
	Measure Specified to Use Data From:
(must be consistent with data sources entered in S.23)
	Measure Tested with Data From:

	☐ abstracted from paper record
	☐ abstracted from paper record

	☒ administrative claim-- D
	☒ administrative claims--D

	☐ clinical database/registry
	☐ clinical database/registry

	☐ abstracted from electronic health record
	☐ abstracted from electronic health record

	☐ eMeasure (HQMF) implemented in EHRs
	☐ eMeasure (HQMF) implemented in EHRs

	☒ other:  caregiver survey—N and D
	☒ other:  caregiver survey—N and D


     
1.2. If an existing dataset was used, identify the specific dataset (the dataset used for testing must be consistent with the measure specifications for target population and healthcare entities being measured; e.g., Medicare Part A claims, Medicaid claims, other commercial insurance, nursing home MDS, home health OASIS, clinical registry).  

We used the Washington state Medicaid claims data and the Minnesota state Medicaid claims data to identify our eligible population.  

1.3. What are the dates of the data used in testing?   Survey dates were 7/2013-11/2013; administrative data used for calculating the PMCA were from January 1, 2010 through December 31, 2012.

1.4. What levels of analysis were tested? (testing must be provided for all the levels specified and intended for measure implementation, e.g., individual clinician, hospital, health plan)
	Measure Specified to Measure Performance of:
(must be consistent with levels entered in item S.26)
	Measure Tested at Level of:

	☐ individual clinician
	☐ individual clinician

	☐ group/practice
	☐ group/practice

	☐ hospital/facility/agency
	☐ hospital/facility/agency

	☒ health plan WA and MN state Medicaid
	☒ health plan  WA and MN state Medicaid

	☐ other:       
	☐ other:  



1.5. How many and which measured entities were included in the testing and analysis (by level of analysis and data source)? (identify the number and descriptive characteristics of measured entities included in the analysis (e.g., size, location, type); if a sample was used, describe how entities were selected for inclusion in the sample) 

We included participants enrolled in state Medicaid in Washington and Minnesota. We sampled 3000 caregivers of children with medical complexity from each, and received 600 completed surveys from Washington and 609 from Minnesota.

The measures were intended for use at the state Medicaid agency (health plan) level, and could also be used at the practice group level for sufficiently large practices (please see S.20 for recommendations on minimum sample size). For conducting reliability analyses for this submission, we did look at intra-class correlation coefficients (ICCs) at the practice grouping level, because our field testing included only 2 states, which would not permit ICC calculation. For the ICC calculation, we included up to 103 practice groupings (57 from WA, 46 from MN); please see Table T3 in section 2a2.3 for the number of practice groupings included in calculating the ICC for each indicator.

1.6. How many and which patients were included in the testing and analysis (by level of analysis and data source)? (identify the number and descriptive characteristics of patients included in the analysis (e.g., age, sex, race, diagnosis); if a sample was used, describe how patients were selected for inclusion in the sample) 

For the field test (and majority of our analyses), we surveyed caregivers of CMC insured by Medicaid in Washington and Minnesota. To identify these children, we applied the Pediatric Medical Complexity Algorithm, based on International Classification of Diseases, Ninth Revision, Clinical Modification codes, to classify children with chronic disease according to level of medical complexity.1  CMC were eligible for inclusion in the field test if they were (1) aged 3 months-17 years; (2) had at least 2 Medicaid eligibility months during the three months prior to obtaining the sample; (3) had at least 4 visits to a healthcare provider during the prior 12 months; and (4) had a healthcare provider who participated in Medicaid. Children were excluded if (1) the child had died; (2) the listed household contact was < 18 years of age; or (3) the caregiver spoke a language other than English or Spanish. 
	We sampled 1500 caregivers in each state and administered the survey from July to November 2013 via both mixed mode (mail with phone follow-up) and phone only; the survey was available in English and Spanish. We obtained 600 completed surveys in Washington and 609 in Minnesota for the overall FECC field test. See Table e1 for demographic characteristics of participating caregivers and their children.
	For our reliability analysis, we used a subset of the overall participants (see section 1.7 below for more details); the characteristics of those participants are also given in Table T1. The demographic composition of the reliability analysis subset was nearly identical to the overall population of participants.

Table T1: Characteristics of children and caregivers participating in the FECC measures field-test overall, and the subset included in the reliability analysis
	
	Respondents overall
(N=1209)
	Respondents included in ICC analysis
(N=889)

	Child characteristics
	
	

	Female gender (available for MN only)
	262 (43%)
	194 (43%)

	Child age
< 2 years
2-5 years
6-10 years
11-13 years
14-17 years
	
127 (10%)
270 (22%)
357 (30%)
207 (17%)
248 (20%)
	
92 (10%)
197 (22%)
265 (30%)
138 (16%)
197 (22%)

	Child race/ethnicity
White
Hispanic
African American
Other
Missing
	
585 (48%)
308 (26%)
94 (8%)
195 (22%)
27 (2%)
	
445 (50%)
227 (26%)
66 (7%)
146 (16%)
5 (1%)

	Caregiver (respondent) characteristics
	
	

	Female gender
	1150 (95%)
	863 (97%)

	Caregiver relationship to child
Parent
Grandparent
Aunt or uncle
Other relative
Legal guardian
Other or Missing
	
1108 (92%)
42 (3%)
5 (0.4%)
1 (0.1%)
21 (2%)
32 (3%)
	
831 (93%)
34 (4%)
3 (0.3%)
0 (0%)
15 (2%)
6 (1%)

	Caregiver age 
	
	

	18-24
	60 (5%)
	48 (5%)

	25-34
	433 (36%)
	318 (36%)

	35-44
	417 (34%
	314 (35%)

	45-54
	150 (12%)
	112 (13%)

	55-64
	41 (3%)
	34 (4%)

	65-74
	9 (0.7%)
	6 (1%)

	75+
	3 (0.3%)
	3 (0.3%)

	Other/Unknown
	96 (8%)
	54 (6%)

	Caregiver race/ethnicity
White
Hispanic
African American
Other
Missing
	
722 (60%)
250 (21%)
92 (8%)
119 (10%)
26 (2%)
	
541 (61%)
195 (22%)
64 (7%)
87 (10%)
2 (0.2%)

	Caregiver education (highest level completed)
8th grade or less
High school
College
More than 4-year college degree
Not answered or don’t know
	

70 (6%)
435 (36%)
639 (53%)
38 (3%)

27 (2%)
	

52 (6%)
318 (36%)
484 (54%)
33 (4%)

2 (0.2%)

	Caregiver English language proficiency
Speaks very well
Speaks well
Does not speak well
Does not speak at all
Not answered
	

972 (80%)
78 (6%)
82 (7%)
52 (4%)
25 (2%)
	

727 (82%)
55 (6%)
61 (7%)
42 (5%)
4 (0.5%)

	Language of survey completion
English
Spanish
	

1048 (87%)
161 (13%)
	

769 (87%)
120 (14%)

	Mode of survey completion
Mail 
Telephone only
Telephone following mailing
	435 (36%)
544 (45%)
230 (19%)
	
301 (34%)
416 (47%)
172 (19%)

	State of residency
WA
MN 
	600 (50%)
609 (50%)
	
451 (51%)
438 (49%)





1.7. If there are differences in the data or sample used for different aspects of testing (e.g., reliability, validity, exclusions, risk adjustment), identify how the data or sample are different for each aspect of testing reported below.

The only testing for which the analytic sample differed from the overall sample was for calculating the ICC by practices, which we performed as part of our reliability testing. We were able to identify the child’s main provider’s practice location for all participants from Minnesota, but for only 39% of participants from Washington state, due to differences in IRB stipulations.  We therefore compared mean FECC quality measure scores for Washington participants for whom we could and could not identify the main provider’s practice location.  Given that scores differed significantly for only one out of the 17 total FECC measures when comparing those two groups, we felt confident in proceeding with ICC calculations for only those Washington participants where their child’s main provider’s practice location could be identified. In addition, the subset used for ICC calculation was almost identical to the overall respondent pool from a demographic standpoint.


1.8 What were the patient-level sociodemographic (SDS) variables that were available and analyzed in the data or sample used? For example, patient-reported data (e.g., income, education, language), proxy variables when SDS data are not collected from each patient (e.g. census tract), or patient community characteristics (e.g. percent vacant housing, crime rate). 

Caregiver and child sociodemographic variables we used are those listed in Table TI above: child gender, age and race/ethnicity, and caregiver age, race/ethnicity, English proficiency, and educational attainment. 
________________________________
2a2. RELIABILITY TESTING 
Note: If accuracy/correctness (validity) of data elements was empirically tested, separate reliability testing of data elements is not required – in 2a2.1 check critical data elements; in 2a2.2 enter “see section 2b2 for validity testing of data elements”; and skip 2a2.3 and 2a2.4.

2a2.1. What level of reliability testing was conducted? (may be one or both levels)
☒ Critical data elements used in the measure (e.g., inter-abstractor reliability; data element reliability must address ALL critical data elements)
☒ Performance measure score (e.g., signal-to-noise analysis)

2a2.2. For each level checked above, describe the method of reliability testing and what it tests (describe the steps―do not just name a method; what type of error does it test; what statistical analysis was used)

For the Pediatric Medical Complexity Algorithm (PMCA), used to identify our overall denominator, accuracy was determined empirically; please see section 2b2 for the validity testing results.

We examined several aspects of the reliability of the FECC caregiver-reported survey measures.  While measure development was informed by domains identified in the conceptual framework, measures within each domain were not meant to function as a scale, as they do not measure a single underlying construct but instead measure separate aspects of care coordination quality. We therefore do not present any measurement of the reliability within domains, and quality measures included in the FECC survey may be used independently of one another.
We also assessed score reliability by calculating the intra-class correlation coefficient (ICC). For calculating ICCs, we grouped participants by caregiver identified main provider practice, then grouped affiliated practices. We excluded participants with a provider who was not associated with an affiliated group of practices (n=19), given the small numbers of patient participants represented in single non-affiliated practices (n=1-5 participants each).  While practice level is not the intended level of aggregation of the FECC measures due to small samples of CMC per practice, we did use this level for conducting reliability testing, as our field test included only 2 states (the intended level of aggregation).





2a2.3. For each level of testing checked above, what were the statistical results from reliability testing?  (e.g., percent agreement and kappa for the critical data elements; distribution of reliability statistics from a signal-to-noise analysis)


Table T3: Intra-class correlation coefficients for reliability testing by affiliated practice groups

	Measure and Description
	N, practice groups
	N, patients
	ICC (95% CI)
	Spearman-Brown predicted reliability with N cases per measured entity1

	
	
	
	
	N=30
	N=50
	N=100
	N=300

	FECC 1
	Has care coordinator2
	92
	626
	0.05 (0.008, 0.23)
	0.59
	0.71
	0.83
	0.94

	1Predicted reliability =(N)(ICC) / [1 + (N-1)(ICC)]
2Linear model
3Logistic model






2a2.4 What is your interpretation of the results in terms of demonstrating reliability? (i.e., what do the results mean and what are the norms for the test conducted?)

Our results clearly established the reliability of FECC-1.  
Regarding the reliability testing, our ICCs by affiliated practice groups showed statistically significant ICCs for FECC 1, demonstrating reliable variation by practice, and predicting good to excellent score reliability with the per-entity sample sizes we recommend (>30, and preferably larger, depending on desired detectable effect sizes).


_________________________________
2b2. VALIDITY TESTING 
2b2.1. What level of validity testing was conducted? (may be one or both levels)
☒ Critical data elements (data element validity must address ALL critical data elements)
☒ Performance measure score
☒ Empirical validity testing
☒ Systematic assessment of face validity of performance measure score as an indicator of quality or resource use (i.e., is an accurate reflection of performance on quality or resource use and can distinguish good from poor performance)


2b2.2. For each level of testing checked above, describe the method of validity testing and what it tests (describe the steps―do not just name a method; what was tested, e.g., accuracy of data elements compared to authoritative source, relationship to another measure as expected; what statistical analysis was used)



PMCA
For the PMCA, which we used to identify CMC for inclusion in the overall denominator, the algorithm-determined classifications of 700 children (no chronic disease, non-complex chronic disease, or complex chronic disease) were compared to a gold-standard classification determined by clinician chart-review.  Sensitivity and specificity of the PMCA were calculated, using first Washington Medicaid billing data, then Seattle Children’s Hospital billing data, to determine the PMCA category; see Table T4, below. These methods and results are available in detail in Simon TD et al. “Pediatric Medical Complexity Algorithm: A New Method to Stratify Children by Medical Complexity.” Pediatrics. Volume 133, Number 6, June 2014.
With regard to converting the PMCA ICD-9 codes to ICD-10 codes, the goal is to convert this measure set to a new code set, fully consistent with the intent of the original measure. The development of an ICD-10 version of PMCA is underway, but has not yet been completed.  The process of this conversion requires the review of thousands of codes to classify the included conditions as progressive or non-progressive and to determine if they should truly be included (an issue for codes that were already matched, but not a high-quality match, to the ICD-9 code).  This process will be completed in the next 6-9 months.  Once this process is completed, we will have members of our Center of Excellence’s multi-stakeholder Medical Complexity Stratification working group review the ICD-10 version and provide their input for any needed revisions. We anticipate having a final version by July 1, 2016.
Even once the ICD-10 version of PMCA is available, it will not be useful for identifying eligible children for the FECC Measure Set until October 1st, 2016 (at the soonest), since PMCA needs a minimum of 1 year of retrospective administrative billing codes to classify children.  Until that time, and especially for children over the age of 2 years on October 1st, 2016, we will recommend continued use of the ICD-9 version of PMCA to more accurately classify children into medical complexity groups using retrospective ICD-9 billing data from prior to 10/1/15.  By October 1st, 2017, we will recommend a complete transition to the ICD-10 version of PMCA as up to two years of retrospective ICD-10 data will then be available.
We have been working with Amber Davidson, RHIT, CCS, CCS-P, Health Information Data Specialist, and Matt Hall, Senior Statistician, at the Children’s Hospital Association (CHA) on the conversion of the ICD-9 version of PMCA to the ICD-10 version.  Ms. Davidson has substantial experience with ICD-10 conversion.    Ms. Davidson applied the tool used by CHA for this process called the Symedical ICD-9 to ICD-10 conversion tool.  This step was completed 9/16/2015 and the resulting excel worksheets are attached in section S.2b. These worksheets show successfully mapped codes, candidate matches that require review, codes that are not yet mapped, and overall mapping statistics; they are not yet ready for use. 

FECC Survey
Unlike with some quality measures, no gold standard exists for family experiences with coordination of care, which the FECC Survey aims to capture. Therefore, true criterion validity cannot be established. However, during the process of quality measure development and specification, survey development, cognitive interviewing, and field-testing, many efforts were made to demonstrate the content and construct validity of the quality measures included in the FECC Survey, detailed below. 
Content Validity: The RAND-UCLA Modified Delphi Method
The content validity of the quality measures in the FECC measure set was established using the RAND-UCLA Modified Delphi Method.  The process began with the nomination of 20 individuals by 10 stakeholder organizations including the American Academy of Pediatrics, the Academic Pediatric Association, the Society for Hospital Medicine, the Children’s Hospital Association, the Medicaid Medical Directors Learning Network, Family Voices, the American Academy of Child and Adolescent Psychiatry, the Society for Adolescent Medicine, the National Association of Pediatric Nurse Practitioners, and the Society for Developmental and Behavioral Pediatrics.  Nine of the nominees agreed to be members of our multi-stakeholder Delphi panel.  All panelists were people deemed by the nominating organizations to have substantial expertise and/or experience related to care coordination for CMC (see Ad.1 for a list of panel members).  The panel read the literature reviews written by project staff and reviewed and scored each proposed quality measure on validity. This method is a well-established, structured approach to measure evaluation that involves two rounds of independent panel member scoring, with group discussion in between.2  After reviewing literature reviews and draft quality measures, panel members were asked to rate each measure’s validity on a scale from 1 (low) to 9 (high). Validity was assessed by considering whether there was adequate scientific evidence or expert consensus to support its link to better outcomes; whether there would be health benefits associated with receiving measure-specified care; whether they would consider providers who adhere more consistently to the quality measure to be providing higher quality care; and whether adherence to the measure is under the control of health care providers and/or systems. The Delphi method has been found to be reliable and to have content, construct and predictive validity.3-7 For a quality measure or measure component to move to the next stage of measure development, it had to have a median validity score > 7 (1-9 scale) and be scored without disagreement based on the mean absolute deviation from the median after the second round of scoring.  This process ensures that only measures widely judged to be valid moved forward into measure specification. See Table T5 for scores by measure.
Cognitive Interviews
Twenty-one of the 31 quality measures that were endorsed by the Delphi panel were operationalized into survey items.  Survey items were developed to specify: 1) the eligible population of CMC for each measure (the denominator) and 2) whether the indicated care was received among those eligible (the numerator).  Survey items underwent cognitive interviews with 9 parents, in Spanish or English, to establish understandability by families. By using cognitive interviews prior to field testing, team members identified questions that required revision that might otherwise have impacted survey validity.  For example, caregivers interviewed could not reliably explain what was meant by the term “care coordination.”  Thus this terminology was removed from the FECC survey and the phrase, “…help with managing your child’s care,“ was used instead, due to its better understandability by the interviewed caregivers.
Convergent Validity: Field Testing
The construct validity of the measures in the FECC Survey was established by demonstrating convergent validity with  2 previously validated measures of outpatient care experiences from the Clinician and Group (CG) Consumer Assessment of Healthcare Providers and Systems (CAHPS®) Child 12-month Survey,8 and a measure adapted from the Adult Consumer Assessment of Healthcare Providers and Systems (CAHPS®) Heath Plan 4.0 supplemental item on care coordination. 9
For the field test, we surveyed caregivers of CMC insured by Medicaid in Washington and Minnesota. To identify these children, we applied the Pediatric Medical Complexity Algorithm, based on International Classification of Diseases, Ninth Revision, Clinical Modification codes, to classify children with chronic disease according to level of medical complexity.1  CMC were eligible for inclusion if they were (1) aged 3 months-17 years; (2) had at least 2 Medicaid eligibility months during the three months prior to obtaining the sample; (3) had at least 4 visits to a health care provider during the prior 12 months; and (4) had a health care provider who participated in Medicaid. Children were excluded if (1) the child had died; (2) the listed household contact was < 18 years of age; or (3) the caregiver spoke a language other than English or Spanish. 
	We sampled 1500 caregivers in each state and administered the survey from July to November 2013 via both mixed mode (mail with phone follow-up) and phone only; the survey was available in English and Spanish. We obtained 600 completed surveys in Washington and 609 in Minnesota. 

FECC Survey Questions
The FECC Survey was comprised of 45 questions, including 6 questions related to care coordination outcomes, and the CG CAHPS experience measures described below. Of the outcome measures, 3 were newly developed, 1 was adapted from the National Survey of Children with Special Health Care Needs,10 and 2 were adapted from the adult CAHPS Health Plan Survey (V4.0) Supplemental Items; one of the adapted measures that was used as a validation metric is described in greater detail below.9 All measures were on a 0-100 scale and were scored such that higher scores indicate better care. For binary measures, 100 indicated receipt of the recommended care, 0 indicated non-receipt. 
CG CAHPS Experience Measures 
Caregiver experience was measured using the overall provider rating and 4 questions concerning access to care (the Access Composite) from the CG-CAHPS Child 12-month Survey.11 Responses to the access questions were scored on a 0-100 scale (Never = 0, Sometimes = 33.3, Usually = 66.7, Always = 100); caregivers that answered at least 1 of the 4 questions received an Access Composite score calculated as the mean of the non-missing responses. 

Adapted Adult CAHPS Health Plan Supplemental Care Coordination Outcome Measure
Receipt of needed care coordination was assessed using an adapted version of the Adult CAHPS Health Plan Supplemental Care Coordination Outcome Measure.9 The measure was adapted to facilitate a caregiver responding in relation to their child rather than an adult responding in relation to themselves. The question asked caregivers, “Overall, how often did you get the help you needed to manage your child’s care or treatment from different doctors or care providers in the last 12 months?” Responses were scored on a 0-100 scale (Never = 0, Sometimes = 33.3, Usually = 66.7, Always = 100).

Analyses
We used linear regression to examine the association between measure scores and the two CG-CAHPS measures and the one adapted CAHPS measure described above, unadjusted and adjusted for caregiver education and assigned survey mode. This analysis was carried out for each quality measure. 
Tables T6-T8 show results of these validation analyses using the CG-CAHPS Access Composite, Overall Provider Rating, and Health Plan CAHPS Getting Needed Help with Managing Care measure. 

2b2.3. What were the statistical results from validity testing? (e.g., correlation; t-test)


Table T4: PMCA sensitivity and specificity for correctly designating a child as having complex chronic disease, using WA Medicaid data and Seattle Children’s Hospital (SCH) data


	
	Sensitivity (95% CI)
	Specificity (95% CI)

	Seattle Children’s Hospital data
	84 (80–88)
	92 (89–94)

	WA Medicaid data
	89 (85–92)
	85 (81–89)










Table T5: Content validity of FECC Survey measures, based on Delphi panel validity scores; rating scale is 1-9, with 9 indicating highest validity

	
	Measure
	Median validity score
	Mean absolute deviation from median

	FECC 1
	Has care coordinator
	8.0
	0.7








Table T6: Validation of developed measures using CG-CAHPS Access Composite as validation metric
	
	
	Access Composite (0-100)

	
	
	Unadjusted
	Adjusted1

	
	
	N
	β (95%CI)
	N
	β (95%CI)

	FECC 1
	Has care coordinator
	840
	0.08 (0.05, 0.11)***
	771
	0.07 (0.04, 0.11)***

	*p<0.05; **p<0.01, ***p<0.001
1 Adjusted for mode of survey administration (Randomized to mixed mode or phone only mode) and  caregiver education





Table T7: Validation of developed measures using CG-CAHPS Overall Provider Rating as validation metric

	
	
	Overall Provider Rating (0-100)

	
	
	Unadjusted
	Adjusted1

	
	
	N
	β (95%CI)
	N
	β (95%CI)

	FECC 1
	Has care coordinator
	828
	0.07 (0.04, 0.09)***
	768
	0.06 (0.04, 0.09)***

	*p<0.05; **p<0.01, ***p<0.001
1 Adjusted for mode of survey administration (Randomized to mixed mode or phone only mode) and  caregiver education





Table T8: Validation of developed measures using Got Needed Help adapted Health Plan CAHPS measure as validation metric

	
	
	Got Needed Help Coordinating Care

	
	
	Unadjusted
	Adjusted1

	
	
	N
	β (95%CI)
	N
	β (95%CI)

	FECC 1
	Has care coordinator
	
	N/A: outcome measure eligibility required having a care coordinator
	
	N/A: outcome measure eligibility required having a care coordinator




2b2.4. What is your interpretation of the results in terms of demonstrating validity? (i.e., what do the results mean and what are the norms for the test conducted?)

Our results demonstrated the validity of the FECC 1 quality measures. The PMCA, used for identifying the denominator, demonstrated excellent sensitivity and specificity compared to a gold-standard population, revealing both reliability and validity. FECC-1 demonstrated excellent content validity, with median validity score of  8.0 (out of 9) following the Delphi panel.  FECC-1 was associated with better experience in terms of access to care and overall provider rating, in both unadjusted and adjusted analyses. These results demonstrate convergent validity between FECC 1 and the CAHPS items that we would also expect to be influenced by the quality and degree of care coordination assistance a parent receives for a CMC. 

_________________________
2b3. EXCLUSIONS ANALYSIS
NA   no exclusions — skip to section 2b4

2b3.1. Describe the method of testing exclusions and what it tests (describe the steps―do not just name a method; what was tested, e.g., whether exclusions affect overall performance scores; what statistical analysis was used)
 
We did not test the impact of exclusions on our FECC measure set scores, as the survey was not sent to families to whom the exclusions applied; therefore, the data needed to test the impact of exclusions was not available.  However, our exclusions (the child had died or the caregiver spoke a language other than English or Spanish) involved only 33 families out of 3000 identified for sampling, or 1.1%, so we do not expect that they would have substantially impacted our results. 

2b3.2. What were the statistical results from testing exclusions? (include overall number and percentage of individuals excluded, frequency distribution of exclusions across measured entities, and impact on performance measure scores)
 
Not applicable—see above

2b3.3. What is your interpretation of the results in terms of demonstrating that exclusions are needed to prevent unfair distortion of performance results? (i.e., the value outweighs the burden of increased data collection and analysis.  Note: If patient preference is an exclusion, the measure must be specified so that the effect on the performance score is transparent, e.g., scores with and without exclusion)

Not applicable—see above
____________________________
[bookmark: section2b4]2b4. RISK ADJUSTMENT/STRATIFICATION FOR OUTCOME OR RESOURCE USE MEASURES
If not an intermediate or health outcome, or PRO-PM, or resource use measure, skip to section 2b5.

2b4.1. What method of controlling for differences in case mix is used?
☐ No risk adjustment or stratification
☐ Statistical risk model with Click here to enter number of factors risk factors
☐ Stratification by Click here to enter number of categories risk categories
☐ Other, Click here to enter description

2b4.2. If an outcome or resource use measure is not risk adjusted or stratified, provide rationale and analyses to demonstrate that controlling for differences in patient characteristics (case mix) is not needed to achieve fair comparisons across measured entities. 


2b4.3. Describe the conceptual/clinical and statistical methods and criteria used to select patient factors (clinical factors or sociodemographic factors) used in the statistical risk model or for stratification by risk (e.g., potential factors identified in the literature and/or expert panel; regression analysis; statistical significance of p<0.10; correlation of x or higher; patient factors should be present at the start of care)


2b4.4a. What were the statistical results of the analyses used to select risk factors?

2b4.4b. Describe the analyses and interpretation resulting in the decision to select SDS factors (e.g. prevalence of the factor across measured entities, empirical association with the outcome, contribution of unique variation in the outcome, assessment of between-unit effects and within-unit effects)

2b4.5. Describe the method of testing/analysis used to develop and validate the adequacy of the statistical model or stratification approach (describe the steps―do not just name a method; what statistical analysis was used)

Provide the statistical results from testing the approach to controlling for differences in patient characteristics (case mix) below.
If stratified, skip to 2b4.9

2b4.6. Statistical Risk Model Discrimination Statistics (e.g., c-statistic, R-squared):  

2b4.7. Statistical Risk Model Calibration Statistics (e.g., Hosmer-Lemeshow statistic):  

2b4.8. Statistical Risk Model Calibration – Risk decile plots or calibration curves:

[bookmark: question2b49]2b4.9. Results of Risk Stratification Analysis:  

2b4.10. What is your interpretation of the results in terms of demonstrating adequacy of controlling for differences in patient characteristics (case mix)? (i.e., what do the results mean and what are the norms for the test conducted)


2b4.11. Optional Additional Testing for Risk Adjustment (not required, but would provide additional support of adequacy of risk model, e.g., testing of risk model in another data set; sensitivity analysis for missing data; other methods that were assessed)

_______________________
[bookmark: section2b5]2b5. IDENTIFICATION OF STATISTICALLY SIGNIFICANT & MEANINGFUL DIFFERENCES IN PERFORMANCE
2b5.1. Describe the method for determining if statistically significant and clinically/practically meaningful differences in performance measure scores among the measured entities can be identified (describe the steps―do not just name a method; what statistical analysis was used? Do not just repeat the information provided related to performance gap in 1b) 

To identify meaningful differences in FECC quality measure scores, we compared mean measure scores by state Medicaid agency, after adjusting for caregiver education and assigned survey mode.  Raw scores were stratified by state, adjusted using linear or logistic regression as outlined in S.14, then compared. Statistical significance was determined using the risk adjustment regression models, and was defined as having a P-value < .05. 

We also sought to identify processes in which disparities exist by race/ethnicity and caregiver English proficiency, as described in 1b.4.  For those analyses, logistic (for dichotomous outcomes) and linear (for continuous outcomes) regressions were used to identify statistically significant differences in process measure scores by race/ethnicity or English proficiency, in both unadjusted and adjusted models.
 


2b5.2. What were the statistical results from testing the ability to identify statistically significant and/or clinically/practically meaningful differences in performance measure scores across measured entities? (e.g., number and percentage of entities with scores that were statistically significantly different from mean or some benchmark, different from expected; how was meaningful difference defined)


Table T9: Mean FECC measure scores by state, adjusted for caregiver education and assigned survey mode.

	Measure ID
	Measure description
	Adjusted mean score (95% CI)1

	
	
	Minnesota Medicaid
	Washington Medicaid

	FECC 1
	Has care coordinator
	71.4 (67.2, 75.7)
N=421
	73.03 (68.7, 77.3)
N=403

	*p<0.05; **p<0.01, ***p<0.001
1 Adjusted for mode of survey administration (Randomized to mixed mode or phone only mode) and  caregiver education





Table T10: Unadjusted FECC quality measure scores, by child race/ethnicity
	FECC Measure
	Measure
 ID
	White (n=585)
	Hispanic (n=308)
	Black  (n=94)
	Other   (n=222)

	Has care coordinator
	FECC 1
	70.3
	82.1**
	61.0
	70.3

	Compared to white reference group using linear or logistic regression:   *p<0.05    **p<0.01    ***p<0.001
1 N/A: only one child with race/ethnicity other than Hispanic was eligible for this measure




Table T11: FECC quality measure scores by child race/ethnicity, adjusted for caregiver education and assigned study mode
	FECC Measure
	Measure ID
	White (n=585)
	Hispanic (n=308)
	Black  (n=94)
	Other   (n=222)

	Has a care coordinator
	FECC 1
	71.8

	78.8

	60.5 

	69.9


	Compared to white reference group using linear or logistic regression:   *p<0.05    **p<0.01    ***p<0.001
1 N/A: only one child with race/ethnicity other than Hispanic was eligible for this measure







Table T12: Unadjusted FECC measure scores by English proficiency
	Measure
	Measure ID
	English  proficient (n=1094)
	LEP 
(n=154)

	Has care coordinator
	FECC 1
	70.0
	88.3***

	Compared to English proficient reference group using linear or logistic regression:   *p<0.05    **p<0.01    ***p<0.001
1 No English proficient respondents are eligible for this measure




Table T13: FECC measure scores by English proficiency, adjusted for caregiver education and assigned study mode
	Measure
	Measure ID
	English  proficient (n=1094)
	LEP 
(n=154)

	Has care coordinator
	FECC 1
	71.0
	83.4

	Compared to English proficient reference group using linear or logistic regression:   *p<0.05    **p<0.01    ***p<0.001
1 No English proficient respondents are eligible for this measure




2b5.3. What is your interpretation of the results in terms of demonstrating the ability to identify statistically significant and/or clinically/practically meaningful differences in performance across measured entities? (i.e., what do the results mean in terms of statistical and meaningful differences?)

While we did not identify differences in FECC-1 by state, our field-test involved only 2 state Medicaid agencies, both of which are interested to care coordination for children with medical complexity and therefore agreed to participate in field-testing; we expect that future work is likely to detect differences by entity in FECC-1.

We also identified racial/ethnic and linguistic disparities in FECC-1 prior to adjustment. Adjustment resulted in only small changes to the point estimates, but did cause the differences to lose significance, likely due to sample size.  We expect that larger samples with more included entities would demonstrate statistically significant differences both before and after adjustment. 
_______________________________________
2b6. COMPARABILITY OF PERFORMANCE SCORES WHEN MORE THAN ONE SET OF SPECIFICATIONS 
If only one set of specifications, this section can be skipped.

Note: This item is directed to measures that are risk-adjusted (with or without SDS factors) OR to measures with more than one set of specifications/instructions (e.g., one set of specifications for how to identify and compute the measure from medical record abstraction and a different set of specifications for claims or eMeasures). It does not apply to measures that use more than one source of data in one set of specifications/instructions (e.g., claims data to identify the denominator and medical record abstraction for the numerator). Comparability is not required when comparing performance scores with and without SDS factors in the risk adjustment model.  However, if comparability is not demonstrated for measures with more than one set of specifications/instructions, the different specifications (e.g., for medical records vs. claims) should be submitted as separate measures.

2b6.1. Describe the method of testing conducted to compare performance scores for the same entities across the different data sources/specifications (describe the steps―do not just name a method; what statistical analysis was used)
 

2b6.2. What were the statistical results from testing comparability of performance scores for the same entities when using different data sources/specifications? (e.g., correlation, rank order)


2b6.3. What is your interpretation of the results in terms of the differences in performance measure scores for the same entities across the different data sources/specifications? (i.e., what do the results mean and what are the norms for the test conducted)

_______________________________________
2b7. MISSING DATA ANALYSIS AND MINIMIZING BIAS 

2b7.1. Describe the method of testing conducted to identify the extent and distribution of missing data (or nonresponse) and demonstrate that performance results are not biased due to systematic missing data (or differences between responders and nonresponders) and how the specified handling of missing data minimizes bias (describe the steps―do not just name a method; what statistical analysis was used)

Survey non-response: We tracked survey non-response and failure to contact during field-testing. However, we were significantly limited in our ability to conduct non-response analyses by the Washington and Minnesota Medicaid IRBs, who would not permit us to use the demographic data available through administrative sources from non-respondents.  We were therefore unable to meaningfully compare our respondents to non-respondents.

However, we would generally expect to have lower response rates for low SES and non-English speaking caregivers based on other survey results (Elliott, Zaslavsky et al. 2009, Elliott, Edwards et al. 2005, Kahn, Liu et al. 2003, Klein, Elliott, et al. 2011). We were reassured by our ability to achieve meaningful participation from these groups, likely due to our mixed mode of administration. 
There are several strategies for reducing nonresponse bias in survey estimates.  These include increasing the response rate, weighting respondents so that the distribution of respondents’ characteristics is more representative of the distribution in the sample frame with respect to observable characteristics, and patient-mix adjustment.
Strategies to increase response rates include using more concerted tracing, incentives, or follow-up efforts (Fowler, Gallagher et al. 2002, Gallagher, Fowler et al. 2005, Andresen, Machuga et al. 2008).  Increasing response rates will not necessarily increase the representativeness of the sample, however. For example, two studies of telephone surveys found that efforts to enlist cooperation from more respondents resulted in only small increases in response rate and did not increase representativeness to a significant degree (Keeter, Miller et al. 2000, Curtin, Presser et al. 2005).  There is evidence, however, that multimodal approaches, similar to what we used in the FECC field test with mail followed by telephone follow-up for mail non-responders, reduce nonresponse bias because different members of the population are more likely to respond to each mode of data collection (Fowler, Gallagher et al. 2002, Beebe, Davern et al. 2005, Peytchev, Baxter et al. 2009). For example, older Medicare beneficiaries are more likely to respond by mail than by telephone (Zaslavsky, Zaborski et al. 2002, Elliott, Zaslavsky et al. 2009). 
When surveys adjust for differences across comparison units in patient-mix, as typically is done with CAHPS surveys and as we recommend, any nonresponse bias associated with these the patient characteristics used for patient-mix adjustment comparisons is reduced (Farley, Elliott et al. 2011).  For example, two CAHPS studies found that patient-mix adjustment accounted for any nonresponse bias that could have been addressed through weighting (Elliott, Edwards et al. 2005, Elliott, Zaslavsky et al. 2009). When patient-mix adjustment suffices to address nonresponse bias, it generally does so with greater statistical efficiency than nonresponse weighting, resulting in estimates of equal reliability and precision with smaller sample sizes than would be required with nonresponse weighting. So, while we were not able to test directly for bias in our sample related to non-response, we feel confident based on previous work that we have taken all reasonable steps to minimize the risk of bias related to non-response.

 Missing data from survey respondents: Regarding missing responses to particular survey questions on otherwise completed surveys, we tracked missingness for each quality measure, but due to the overall low levels of missing data among those who completed the survey, we did not formally evaluate for bias.

2b7.2. What is the overall frequency of missing data, the distribution of missing data across providers, and the results from testing related to missing data? (e.g., results of sensitivity analysis of the effect of various rules for missing data/nonresponse; if no empirical sensitivity analysis, identify the approaches for handling missing data that were considered and pros and cons of each)

Survey non-response:  We achieved an overall survey response rate of 40% (1209 out of 3000), which was quite good given that 632 of the original 3000 (21%) were unable to be contacted (bad phone number or undeliverable mail); only 285 (9.5%) actively refused participation, and another 525 (17.5%) passively refused by non-response. As mentioned above, due to IRB constraints, we were unable to formally evaluate the non-respondents in comparison to he respondents.
	However, we successfully achieved a racially and linguistically diverse sample from a generally low-income population (as all of the children were insured by Medicaid), with over 50% of the children from a racial or ethnic background other than non-Hispanic white, and 20% of caregivers reporting speaking English less that very well.
Missing data from survey respondents: For missing data where someone was eligible for the measure but did not respond to any of the survey question components, we didn't feel comfortable imputing responses (see below for rationale). For missing data where someone was eligible and responded to some but not all of the components we considered a) imputation b) taking the average of the non-missing components and c) only scoring them if all components were answered. Imputation would have provided complete data and maintained consistent weighting for all components for all participants, but it would have required making assumptions about response patterns and patterns of care coordination provision that we did not feel we had the data to justify. Using the average of non-missing components would allow us to use all available data, but would mean that in some cases, different components would be weighted differently across participants (e.g., for a question with 3 components, for most participants, each component would make up 1/3 of the score, but if a participant answered only 1 of the 3 questions, that question would make up the entire score on the measure). Only scoring measures if all components were answered would result in excluding some data that caregivers had provided, but would avoid making incorrect assumptions and differential weighting of particular care processes. We opted to score measures only if all component items were answered.
The frequency of missing data, by measure, is listed below (Table T14).

Table T14: Missing responses from otherwise completed FECC Surveys, by measure

	ID
	Measure description
	N
	Missing responses*

	FECC 1
	Has care coordinator
	840
	13

	*Missing responses are a combination of questions skipped on the mail survey, refused on the telephone survey, or questions to which the respondent said “I don’t know”. Indicators with a stem and multiple sub-parts, such as FECC 9, had more opportunities for a caregiver to skip or refuse a sub-question and so generally had greater numbers of total missing responses.



We do not have data related to the frequency of missing data by patient’s provider, given that these measures were not specified for use at the provider level, and the median number of patients per provider was 1.



2b7.3. What is your interpretation of the results in terms of demonstrating that performance results are not biased due to systematic missing data (or differences between responders and nonresponders) and how the specified handling of missing data minimizes bias? (i.e., what do the results mean in terms of supporting the selected approach for missing data and what are the norms for the test conducted; if no empirical analysis, provide rationale for the selected approach for missing data)

Survey non-response: We were reassured that we achieved a racially and linguistically diverse sample from a generally low-income population of caregivers. Although we were unable to conduct a formal analysis of non-respondents, using a mixed-mode approach we captured a diverse study population that included representatives from groups that are historically harder to reach with surveys, such as individuals with limited English proficiency. In addition, for the reasons discussed above in 2b.7.1, we feel confident that case-mix adjustment should adequately address a majority of the bias introduced by non-response.

Missing data from survey respondents: Overall, there were low levels of missing data for the majority of FECC quality measures, and the number of missing responses did not increase over the course of the survey (i.e., there was no evidence to suggest that missing responses were the result of respondent fatigue). Because these are caregiver-reported process measures, and in some cases a caregiver may genuinely not know whether a particular process had or had not occurred for a given child, we opted to score only those measures for which caregivers gave a definitive response. Because the vast majority of respondents had different providers and so were presumably interacting with different care coordinators and different local health care systems, we did not feel comfortable imputing missing responses, as doing so would have required making assumptions about patterns of care coordination processes for which we have no empirical evidence. We similarly opted to score multi-component items only if all components were completed, to avoid the situation in which components would receive different weighting between respondents based on how many components they answered.
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