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Abstract

Purpose The aim of this study is to investigate the psy-

chometrics of the Patient-Reported Outcomes Measure-

ment Information System self-efficacy for managing daily

activities item bank.

Methods The item pool was field tested on a sample of

1087 participants via internet (n = 250) and in-clinic

(n = 837) surveys. All participants reported having at least

one chronic health condition. The 35 item pool was

investigated for dimensionality (confirmatory factor anal-

yses, CFA and exploratory factor analysis, EFA), item-total

correlations, local independence, precision, and differential

item functioning (DIF) across gender, race, ethnicity, age

groups, data collection modes, and neurological chronic

conditions (McFadden Pseudo R2 less than 10 %).

Results The item pool met two of the four CFA fit criteria

(CFI = 0.952 and SRMR = 0.07). EFA analysis found a

dominant first factor (eigenvalue = 24.34) and the ratio of

first to second eigenvalue was 12.4. The item pool

demonstrated good item-total correlations (0.59–0.85) and

acceptable internal consistency (Cronbach’s alpha = 0.97).

The item pool maintained its precision (reliability over

0.90) across a wide range of theta (3.70), and there was no

significant DIF.

Conclusion The findings indicated the item pool has

sound psychometric properties and the test items are eli-

gible for development of computerized adaptive testing and

short forms.

Keywords Patient-reported outcome measure � Self-
efficacy � Daily activities � Item response theory

Introduction

The Patient-Reported Outcomes Measurement Information

System (PROMIS) initiative aims to measure patient-re-

ported health status for physical, mental, and social well-
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being [1]. Self-efficacy is a subdomain of the mental health

category on the PROMIS framework. This study is part of a

larger study of the development and validation of self-ef-

ficacy for managing chronic disease in which five con-

structs were developed (managing symptoms, managing

emotions, managing daily activities, managing medications

and treatments, and managing social interactions). This

paper focuses on one of the five constructs, the self-efficacy

for managing daily activities. This construct was defined as

assessing the subject’s self-reported level of confidence

performing various basic and instrumental activities of

daily living without assistance. Self-efficacy is critical for

individuals with chronic conditions in order to successfully

perform effective self-care of their conditions [2, 3].

While various self-efficacy scales have been developed

to measure disease-specific self-efficacy, such as stroke [4],

epilepsy [5], multiple sclerosis [6], cancer [7], arthritis [8],

and sickle cell disease [9], only one scale, the Self-Efficacy

for Managing Chronic Disease 6-Item Scale (SEMCD6)

has been widely used to measure self-efficacy for manag-

ing chronic conditions across multiple health conditions

[10, 11]. The SEMCD6 includes items related to different

domains, such as fatigue, pain, emotional stress, symptoms,

activity, and medication; however, it does not provide

subscale scores. To address the concerns about the lack of

different subscales relevant to managing chronic condi-

tions, we developed five self-efficacy item pools: self-ef-

ficacy for managing symptoms, managing emotions,

managing daily activities, managing medications and

treatments, and managing social interactions. These five

constructs target self-efficacy for self-management of var-

ious chronic medical conditions and include understudied

neurological conditions such as epilepsy, multiple sclero-

sis, Parkinson’s disease, peripheral neuropathy and stroke.

In this paper, we report the psychometrics of the self-

efficacy for managing daily activities instrument. The

psychometric properties of the self-efficacy for managing

daily activities construct were investigated with both

classical test theory and item response theory (IRT)

methods [12, 13]. Based on the two measurement theory

approaches, the test items in the managing daily activities

construct were evaluated at the test and item level to pro-

vide comprehensive information of item responses and

their relationship to the construct. The summary statistics

and scoring manuals for the five self-efficacy item banks

are available at the PROMIS website (https://www.assess

mentcenter.net/Manuals.aspx).

The overall goal of the study was to develop a patient-

reported self-efficacy for managing chronic conditions

scale that (1) could demonstrate sound psychometric

properties of the IRT assumptions (unidimensionality,

precision, and local independence), (2) could be used

across different demographic groups, and (3) could

demonstrate good reliability and validity.

Methods

Study participants

The field test was conducted in patients with diverse

chronic conditions. A total of 1087 subjects completed the

self-efficacy for managing daily activities item pool. Par-

ticipants were recruited via two data collection modes

between April 2013 and April 2014: a total of 837 partic-

ipants with chronic neurologic conditions from the clinical

setting (University of Maryland Neurology Ambulatory

Center) and a total of 250 participants with general medical

conditions from the internet survey completed the 35 test

items. The neurologic conditions included epilepsy, mul-

tiple sclerosis, Parkinson’s disease, peripheral neuropathy,

and stroke, recruited from an ambulatory care center at the

University of Maryland in Baltimore. The inclusion criteria

for the neurologic sample were as follows: 18 years of age

or older, reside in the community, and diagnosed with any

of chronic conditions under study by a treating neurologist.

We applied the following exclusion criteria for the clinical

sample: (1) cognitive impairment demonstrated by a score

B20 on the Montreal Cognitive Assessment, (2) inability to

give informed consent due to language (e.g., aphasia that

interferes with ability to complete questionnaires, or

insufficient understanding of the English language, etc.),

(3) severe and unstable medical or psychiatric co-mor-

bidities, and (4) pregnant women, prisoners and institu-

tionalized patients.

The general medical conditions internet sample was

recruited through a national online panel testing company,

Op4G (see op4g.com for more detail). Participants were

randomly selected from approximately 250,000 members

of Op4G, and the selected sample completed Internet-based

surveys using their home computers. Participants had to

have at least one of the following chronic medical condi-

tions: chest pain (angina), hardening of the arteries (coro-

nary artery disease), heart failure or congestive heart

failure, heart attack (myocardial infarction), stroke or

transient ischemic attack (TIA), liver disease, hepatitis, or

cirrhosis, kidney disease, arthritis or rheumatism, asthma,

chronic lung disease (COPD), chronic bronchitis or

emphysema, migraines or severe headaches, diabetes or

high blood sugar or sugar in your urine, cancer (other than

non-melanoma skin cancer), HIV or AIDS, spinal cord

injury, multiple sclerosis, Parkinson’s disease, neuropathy,

or epilepsy. They could have multiple conditions or others

not listed here as long as they had one of these conditions.
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They also had to be 18 years of age or older and reside in

the community.

This study was approved by the Institutional review

boards (IRB) of the Medical University of South Carolina

(#Pro00033397), the University of Maryland (#HP-

000432550), and the University of Florida (#261-2010).

Self-efficacy for managing daily activities item pool

The initial item pool was developed using the qualitative

research methodology approved by the PROMIS group,

including literature review of self-efficacy scales, develop-

ing an item library, binning and winnowing items, expert

researcher ratings (which were done using a Delphi tech-

nique), focus groups with patients, cognitive interviews with

people with chronic conditions, and expert item revision [14,

15]. Finally, the 35 test items of the self-efficacy for

managing daily activities domain were field tested.

The self-efficacy for managing daily activities item pool

assesses patient-reported, current level of confidence per-

forming various basic and instrumental activities of daily

living without assistance. The item bank is generic rather

than disease-specific, instructing the subject to consider all

health conditions and all symptoms in their responses. The

item pool consisted of 35 test items and a 5-point rating

scale: 1 (I am not at all confident); 2 (I am a little confi-

dent); 3 (I am somewhat confident); 4 (I am quite confi-

dent); and 5 (I am very confident).

Statistical analysis

The psychometric methods employed were introduced by

PROMIS [12, 16]. Descriptive statistics were used to

describe the demographic characteristics of the sample

(Chi-square test, independent t test or Wilcoxon rank-sum

test), and traditional (i.e., classic) psychometric methods

were used to evaluate the central tendency (mean) and

spread (standard deviations) of the test items. SPSS version

21 was used for the descriptive statistics [17]. Item-total

correlation and Cronbach’s coefficient alpha were used to

evaluate internal consistency of the test items. Accept-

able criteria for item-total correlation used were greater

than 0.4 [18]. For Cronbach’s coefficient alpha, we used a

criterion of between 0.90 and 0.95 as acceptable for indi-

vidual level of measurement [19]. The ceiling and floor

effect were investigated and less than 15 % of the sample

scored at the extreme (i.e., minimum and maximum) was

considered as a criterion [20].

We used confirmatory factor analyses (CFA) and

exploratory factor analysis (EFA) to investigate the

underlying structure (dimensionality) of the item bank.

Mplus version 7.11 was used to perform the factor analyses

[21]. CFA was selected over EFA as the first step [12]

because the initial item pool was selected by experts and

refined using qualitative research methodologies in order to

represent self-efficacy for managing daily activities con-

struct. The CFA was conducted with the weighted least

squares with adjustments for the mean and variance

(WLSMV) estimation and one-factor solution. The rating

scales were treated as categorical variables [22]. Factor

structures were analyzed using model fit indices, including

comparative fit index (CFI[ 0.95 for good fit), Tucker–

Lewis Index (TLI[ 0.95 for good fit), root mean square

error of approximation (RMSEA\ 0.08 for adequate fit

and 0.06 for good fit), and standardized root mean square

residual (SRMR\ 0.08 for good fit) [12].

If CFA indicates poor model fit, we conducted EFA to

investigate the magnitude of eigenvalues for the larger

factors and factor loadings to detect the underlying struc-

tural patterns [12]. In the EFA, a polychoric correlations

matrix was analyzed using the WLSMV estimation. The

rating scale on the construct was treated as categorical

variables [22]. We reported eigenvalues, the amount of

variance explained by the model, the ratio of the first and

second eigenvalues, and the factor loadings on the test

items. The criteria for unidimensionality were as follows:

at least 20 % of the variance explained by the first factor,

greater than a value of 4.0 in the ratio of the first and

second eigenvalues, and greater than a factor loading of 0.3

on test items [12].

The residual correlation matrix from the single factor

CFA was investigated to evaluate local independence of

the item bank. The criterion for the violation of the local

independence was defined as a residual correlation greater

than 0.2 with any of the remaining test items [12].

The IRT analyses were conducted using IRTPRO ver-

sion 2.1 [23]. With a 2-parameter IRT model (the graded

response model), the parameters (item discrimination and

step thresholds) were estimated on each test item. We used

S - X2, a Pearson X2 statistic, to investigate item fit to the

measurement model [24, 25] and misfit criterion was a

p value of less than 0.001 [16]. Standard error of mea-

surement (SEM) was also calculated across theta values to

test precision of the item bank. SEM is the reciprocal value

of the test information function (TIF) at the estimated

ability and is defined as SEM(h) =
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

ð1=IjðhjÞÞ
p

, where hj
is the estimated ability, Ij is information. When the theta

values of test items were calibrated with mean 0 and

standard deviation 1, cut-off of SEM is 0.3, which is

equivalent to reliability of 0.90 [26]. The SEM values were

presented graphically over the difficulty level of test items

in order to investigate how much the item bank attains

measurement precision over the range of self-efficacy

scores (T scores).
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In this study, Logistic Regression Differential Item

Functioning using IRT was used to detect the presence of

differential item functioning (DIF) based on trait estimates

(thetas) [27]. Five DIF analyses were conducted for gender

(male/female), race (white/non-white), ethnicity (Hispanic/

non-Hispanic), the age of the sample (under 65/over

65 years), data collection mode(clinical setting/internet

survey) variables, and neurological chronic conditions

(neuropathy, stroke, multiple sclerosis, Parkinson’s disease

and epilepsy). The comparison models were categorized as

uniform (if the effect is constant), non-uniform (if the

effect varies conditional on the trait level), and total DIF

(sum of uniform and non-uniform DIF) [27]. The detection

index for DIF was McFadden’s pseudo R2. The detection

criterion for McFadden’s pseudo R2 was any values greater

than 10 % [28].

Results

Demographic characteristics

Table 1 represents the demographic characteristics of the

sample. Fifty-one percent were female. The sample median

age was 55 (SD = 14.7) years. The majority of the people

(37.3 %) are 50–64 years old with the range of

18–89 years. In the sample, 73.2 % were white and 23.7 %

non-white. Twenty-two percent had attained an advanced

degree. The missing data were less than 3 % for gender

(2.9 %), race (3.0 %), ethnicity (2.8 %), and education

(2.8 %). The severity of neurological chronic conditions

for the clinical sample was rated by clinicians. The sample

median disease duration was 7.0 (SD = 10.7) years, and

67.3 % had no-to-mild impairment. There were significant

differences in all demographic variables between the

clinical and internet sample (p\ 0.05), except for gender.

Table 2 and Fig. 1 present descriptive statistics about the

managing daily activities item pool. A majority of the test

items were rated in the highest rating category and demon-

strated a ceiling effect (range 33.1–86.0 %). The overall

percentage for all the rating categories (1–5) was 6.3, 5.7,

10.2, 14.6, and 62.9 %, respectively. A majority of the items

showed skewed response distributions to the ceiling (very

confident). The test items demonstrated good item-total

correlations (0.59–0.85) and acceptable for individual level

of measurement (Cronbach’s alpha = 0.97).

Dimensionality

The factor analysis with one-factor solution indicated that

the CFI (0.952) and SRMR (0.070) met the model fit

criteria, and TLI (0.949) was marginally under the model

fit criteria; however, RMSEA (0.09) did not meet the

model fit criteria. The EFA was conducted to calculate the

eigenvalues on the possible underlying factors. The first

factor showed an eigenvalue of 24.34, and the other factors

showed an eigenvalue less than 2 (see Table 3). Table 4

represents the EFA factor loadings on the 35 test items. All

test items showed a high factor loading (0.72–0.92). The

sum squared loadings of the 35 items were 24.97, and the

ratio of first to second eigenvalue was 12.4. The test items

explained 71 % of variance.

High residual correlations (-0.22 to -0.29) were found

between item 13—‘‘Exercise at a vigorous level for

10 min’’ and item 2—‘‘eat without help,’’ 3—‘‘personal

hygiene without help,’’ 26—‘‘use telephone to schedule

appointments,’’ and 34—‘‘can find new ways to manage

daily activities when the old way doesn’t work.’’

Model fit

Nine items (items 2, 3, 17, 22, 23, 25, 26, 34, and 35)

misfit the measurement model (Table 4). In order to

investigate the impact of the misfit items, we created a

scatter plot of between person measures calibrated from

the full item pool (35 items) and person measures cali-

brated from non-misfit items (26 items). In spite of the

narrow error bands, there were no person measures

located outside the 95 % confidence interval (i.e., over

5 % of the sample). Based on these findings, we con-

cluded that the misfit items had a negligible or no effect

on the person measures.

Item calibrations

Table 4 summarizes the item calibrations for the item

bank. The most challenging test items were item 13—

‘‘exercise vigorously for 10 min,’’ item 24—‘‘keep doing

my usual activities at work,’’ and item 30—‘‘maintain a

regular exercise program.’’ The average thresholds of the

most challenging items were -0.13, -0.63, and -0.69,

respectively. The least challenging test items were item

3—‘‘personal hygiene without help,’’ item 33—‘‘take

medications with correct dose and times,’’ and item 2—

‘‘eat without help.’’ The average thresholds of the least

challenging items were -1.72, -1.76, and -1.86,

respectively.

Precision

The theta values were converted into T scores with average

50 and standard deviation 10 for a US clinical population

2224 Qual Life Res (2016) 25:2221–2232
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of individuals with at least one chronic condition. The raw

scores of the item pool were converted into T scores

(‘‘Appendix’’). The sample demonstrated the average

T score of 50.3 (SD = 9.5), range from 16.31 to 65.11, and

median of 50.1. Figure 2 represents the precision of the 35

test items. The x-axis is the converted T score, and the

y-axis is the standard error of measurement, indicating the

level of precision. The item bank demonstrated the highest

precision (SEM = 0.095) at the T score of 39. A wide T

score distribution (20 B T score B 57.0) was identified

with a high reliability of 0.90. The T score values over 62

demonstrated a low reliability of less than 0.80, and 14.6 %

(n = 159) of the sample fell in this range.

Differential item functioning

The item bank showed no DIF for gender (male/female), race

(white/non-white), ethnicity (Hispanic/non-Hispanic), age

(under 65/over 65 years), data collection mode (clinical set-

ting/internet survey), and neurological chronic conditions.All

magnitudes of McFadden Pseudo R2 for the DIFs were less

than 10 % – gender (0.01–3.21 %), race (0.04–2.37 %), eth-

nicity (0.01–5.32 %), age (0.00–0.90 %), data collection

mode (0.01–4.51 %)–and the five chronic conditions: neu-

ropathy (0.00–3.30 %), stroke (0.04–1.41 %), multiple scle-

rosis (0.01–1.44 %), Parkinson’s disease (0.02–1.77 %) and

epilepsy (0.00–3.30 %).

Table 1 Demographic

characteristics
Characteristic Total sample

N (%)

Clinic sample

N (%)

Internet sample

N (%)

p value

N = 1087 N = 837 N = 250

Gender 0.329

Male 458 (42.1) 343 (40.9) 115 (46.0)

Female 599 (55.1) 464 (55.4) 135 (54.0)

Missing 30 (2.8) 30 (3.7) 0 (0)

Race \0.001

White 796 (73.2) 597 (71.3) 199 (79.6)

Non-White 258 (23.7) 207 (24.7) 51 (20.4)

Missing 33 (3.0) 33 (4.0) 0 (0)

Ethnicity \0.001

Hispanic 64 (5.9) 14 (1.7) 50 (20.0)

Non-Hispanic 992 (91.3) 792 (94.6) 200 (80.0)

Missing 31 (2.9) 31 (3.7) 0 (0)

Education \0.001

Less than high school 21 (1.9) 3 (0.4) 18 (7.2)

High school diploma 190 (17.5) 167 (20.0) 23 (9.2)

Some college 271 (24.9) 205 (24.5) 66 (26.4)

College degree 336 (30.9) 244 (29.2) 92 (36.8)

Advanced degree 239 (22.0) 188 (22.5) 51 (20.4)

Missing 30 (2.8) 30 (3.6) 0 (0)

Chronic conditionsa

Neuropathy 238 (22.0) 214 (25.6) 24 (9.6) \0.001

Stroke 181 (16.8) 172 (20.5) 9 (3.6) \0.001

Multiple sclerosis 178 (16.5) 166 (19.8) 12 (4.8) \0.001

Parkinson’s disease 171 (15.8) 169 (20.2) 2 (0.8) \0.001

Epilepsy 169 (15.6) 160 (19.1) 9 (3.6) \0.001

Severity of chronic conditionsb NA

No impairment 184 (16.9) 184 (22.2) NA

Mild impairment 374 (34.4) 374 (45.1) NA

Moderate/severe impairment 271 (24.9) 271 (32.9) NA

Missing 258 (23.7) 8 (1.0) NA

Disease duration (median, SD) 7.0 (10.7) 7.0 (10.7) NA NA

Age (median, SD) 55 (14.7) 54.4 (14.5) 51.8 (15.3) 0.048

a Participants had multiple chronic conditions
b Clinicians rated; NA Not applicable
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Table 2 Descriptive statistics for PROMIS self-efficacy for managing daily activities

ID Item N Mean (SD) Median Range Ceiling (%) Item-total

correlation

1 I can take a bath or shower 1087 4.58 (0.88) 5 1–5 819 (75.3) 0.684

2 I can eat without help from anyone 1087 4.76 (0.68) 5 1–5 935 (86.0) 0.591

3 I can take care of my personal hygiene without help from

anyone (for example: brush my teeth, comb my hair, shave,

apply makeup)

1087 4.73 (0.74) 5 1–5 915 (84.2) 0.627

4 I can dress myself in the way I want to be dressed (including

buttoning clothes and putting on shoes)

1087 4.58 (0.87) 5 1–5 825 (75.9) 0.666

5 I can get in and out of bed without falling 1086 4.54 (0.90) 5 1–5 796 (73.3) 0.719

6 I can get in and out of a chair 1087 4.57 (0.84) 5 1–5 802 (73.8) 0.723

7 I can get to the bathroom in time 1087 4.41 (0.99) 5 1–5 735 (67.6) 0.662

8 I can manage my clothes when I need to use the toilet. 1085 4.64 (0.79) 5 1–5 843 (77.6) 0.690

9 I can stand for 5 min (for example, waiting in a line, waiting

for a bus)

1085 4.33 (1.17) 5 1–5 747 (68.7) 0.756

10 I can walk around inside my house 1085 4.55 (0.94) 5 1–5 817 (75.2) 0.750

11 I can walk a block (about 300 feet or 100 meters) on flat

ground

1083 4.22 (1.28) 5 1–5 713 (65.6) 0.789

12 I can exercise at a moderate level for 10 min (for example,

walking briskly, biking, swimming, aerobics)

1083 3.95 (1.40) 5 1–5 601 (55.3) 0.761

13 I can exercise at a vigorous level for 10 min (for example,

running, jogging)

1085 3.13 (1.62) 3 1–5 360 (33.1) 0.636

14 I can get around in an unfamiliar environment 1085 3.96 (1.24) 4 1–5 527 (48.6) 0.795

15 I can travel to a new destination alone 1083 3.92 (1.38) 5 1–5 567 (52.4) 0.776

16 I can go outside in challenging weather for me. 1085 3.96 (1.32) 5 1–5 564 (51.9) 0.796

17 I can climb one flight of stairs (with or without rails) 1085 4.03 (1.36) 5 1–5 629 (58.0) 0.768

18 I can go shopping and run errands 1086 4.21 (1.21) 5 1–5 670 (61.7) 0.839

19 I can perform my daily activities even if someone is rushing

me

1086 4.01 (1.24) 5 1–5 555 (51.1) 0.832

20 I can lift and carry groceries 1087 4.02 (1.33) 5 1–5 616 (56.7) 0.821

21 I can perform my household chores 1085 4.10 (1.26) 5 1–5 631 (58.2) 0.847

22 I can drive a car 1085 3.96 (1.51) 5 1–5 652 (60.1) 0.623

23 I can use public transportation 1083 4.00 (1.41) 5 1–5 626 (57.8) 0.738

24 I can keep doing my usual activities at work 1076 3.76 (1.57) 5 1–5 565 (52.5) 0.762

25 I can use a computer (for example, use keyboard, see screen,

login)

1084 4.35 (1.15) 5 1–5 744 (68.6) 0.574

26 I can use a telephone to schedule an appointment 1085 4.68 (0.79) 5 1–5 888 (81.8) 0.624

27 I can engage in hobbies or recreational activities 1085 4.19 (1.20) 5 1–5 662 (61.0) 0.785

28 I can take care of others (for example, cook for others, help

them dress, watch children)

1082 3.94 (1.37) 5 1–5 572 (52.9) 0.836

29 I can maintain my finances (for example, write checks, pay

bills)

1082 4.39 (1.06) 5 1–5 729 (67.4) 0.657

30 I can maintain a regular exercise program 1081 3.73 (1.36) 4 1–5 461 (42.6) 0.693

31 I can concentrate on something difficult 1082 3.98 (1.20) 4 1–5 508 (47.0) 0.703

32 I can prepare my own meals (for example, plan and cook full

meals by myself)

1082 4.27 (1.16) 5 1–5 695 (64.2) 0.759

33 I can take my medications in the right doses and at the right

times

1081 4.54 (0.91) 5 1–5 793 (73.4) 0.593

34 I can find new ways to manage daily activities when the old

way doesn’t work

1082 4.29 (0.99) 5 1–5 610 (56.4) 0.723

35 I can recognize risks (for example, handling hot liquids,

walking on uneven ground) and take steps to prevent

accidents

1082 4.45 (0.96) 5 1–5 741 (68.5) 0.662
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Final item bank

Item 13—‘‘I can exercise at a vigorous level for 10 min, i.e.,

running, jogging’’ showed a high residual correlation (over

0.2) with item 2, 3, 26, and 34 (-0.22 to-0.29). There was a

high residual correlation between item 13 and items 2, 3, 26,

and 34; however, item 13 was identified as the most chal-

lenging item in the bank. Thus, the item was considered

important to measure a wide range of the latent trait. For this

reason, item 13 was not removed from the item bank. The

findings from the investigation of item calibrations and step

thresholds of the 35 test items are reported in Table 4.

Discussion

We developed the PROMIS self-efficacy for managing

daily activities item bank and evaluated its psychometrics.

The item bank demonstrated a single measurement

construct and precisely measured individuals with a wide

range of abilities. Based on its acceptable psychometric

properties, the item bank can be used for a computerized

adaptive test (CAT) which measures self-efficacy for

managing daily activities for individuals among neurolog-

ical chronic conditions. In addition, the item bank can be

used to create various short forms where necessary to

reduce administrative burdens.

In keeping with the purpose of the PROMIS initiative

[1], this study established a new domain of self-efficacy as

part of the existing PROMIS Domain Framework. Self-

efficacy is the last domain in the PROMIS mental health

category. The item bank for self-efficacy demonstrated

sufficient psychometric properties compared to the rest of

PROMIS additional domains, such as anxiety, depression,

pain, fatigue and anger [16, 29–31]. Once these item banks

were created and validated, they were further used for CAT

and creating various length of short forms [16, 29–31].

Since the study item bank demonstrated acceptable psy-

chometric properties, various short forms (i.e., 4 and 8

items) of self-efficacy for managing daily activities can be

created while maintaining good psychometric properties. In

addition, the item bank can be used to develop a CAT to

reduce administrative burdens while maintaining mea-

surement precision.

We expected a slightly higher RMSEA value than the

common RMSEA criterion because there was a large

number of test items in the item pool [30]. However, since

TLI marginally met the model fit criteria, we conducted

EFA to investigate a potential secondary dimension. The

Fig. 1 Distribution of the sum

of rating scale frequency

Table 3 EFA eigenvalue of

factors on the item bank
Factor Eigenvalue

1 24.34

2 1.97

3 1.39

4 0.75

5 0.58

6 0.53

7 0.45

8 0.44
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EFA indicated that the item pool sufficiently met the uni-

dimensional factor criteria.

Only one of 35 test items, item 13—‘‘exercise vigor-

ously for 10 min’’—showed local dependency with items

2, 3, 24, and 34 (residual correlations = -0.22 to -0.29).

High residual correlations estimated by the single factor

CFA indicate that the relationships between item 13 and

these four items are stronger than the relationships between

item 13 and the latent construct. However, the relationships

between item 13 and the four items are not interpretable.

For example, the residual correlation between item 13 and

item 2 was -0.29, indicating that patients having high

confidence in exercising vigorously have low confidence in

eating. Analyses conducted in this study do not speak to

Table 4 Managing daily activities item bank: item calibrations, step thresholds, factor loadings, and item fit statistics

ID Item stem a b1 b2 b3 b4 Average

thresholds

Loadings Item fit statistics

S - X2 P df

1 Take a bath or shower 3.08 -2.18 -1.75 -1.33 -0.79 -1.51 0.83 157.31 0.0823 134

2 Eat without help 3.03 -2.61 -2.03 -1.61 -1.20 -1.86 0.87 146.43 0.0002 90

3 Personal hygiene without help 3.23 -2.27 -2.00 -1.49 -1.10 -1.72 0.88 143.25 0.0005 92

4 Dress myself as desired 2.77 -2.43 -1.84 -1.31 -0.82 -1.60 0.82 174.30 0.0338 142

5 Get in and out of bed without falling 3.26 -2.11 -1.75 -1.21 -0.71 -1.45 0.87 168.74 0.0146 131

6 Get in and out of a chair 3.27 -2.32 -1.81 -1.28 -0.72 -1.53 0.88 180.46 0.0046 134

7 Get to the bathroom in time 2.46 -2.38 -1.73 -1.07 -0.57 -1.44 0.78 204.82 0.0313 169

8 Manage clothes when toileting 3.43 -2.21 -1.91 -1.40 -0.86 -1.60 0.87 153.12 0.0085 114

9 Stand for 5 min 3.57 -1.66 -1.33 -0.96 -0.60 -1.14 0.87 220.57 0.0018 163

10 Walk around inside my house 4.41 -1.86 -1.52 -1.20 -0.76 -1.34 0.89 155.26 0.0122 118

11 Walk a block on flat ground 3.92 -1.44 -1.21 -0.87 -0.50 -1.01 0.91 218.72 0.0028 164

12 Exercise moderately for 10 min 2.94 -1.36 -1.05 -0.61 -0.20 -0.81 0.88 245.94 0.0450 210

13 Exercise vigorously for 10 min 1.95 -0.83 -0.39 0.12 0.59 -0.13 0.78 253.35 0.0218 210

14 Get around in an unfamiliar environment 3.07 -1.69 -1.14 -0.58 0.02 -0.85 0.87 229.13 0.0427 194

15 Travel to a new destination alone 2.99 -1.40 -1.03 -0.60 -0.10 -0.78 0.87 242.93 0.0182 199

16 Go outside in challenging weather 3.39 -1.47 -1.07 -0.59 -0.09 -0.81 0.87 229.22 0.0342 192

17 Climb one flight of stairs 3.19 -1.43 -1.08 -0.67 -0.27 -0.86 0.86 273.99 0.0002 195

18 Go shopping and run errands 4.75 -1.49 -1.21 -0.83 -0.37 -0.98 0.91 167.40 0.1194 147

19 Perform daily activities when rushed 3.95 -1.55 -1.14 -0.61 -0.05 -0.84 0.89 207.71 0.0066 160

20 Lift or carry groceries 4.06 -1.41 -1.06 -0.63 -0.23 -0.83 0.90 212.25 0.0175 171

21 Perform my household chores 4.79 -1.49 -1.07 -0.70 -0.26 -0.88 0.92 208.13 0.0020 153

22 Drive a car 2.10 -1.32 -1.11 -0.87 -0.40 -0.93 0.76 323.72 0.0001 200

23 Use public transportation 3.05 -1.33 -1.04 -0.74 -0.28 -0.85 0.84 303.19 0.0001 197

24 Keep doing my usual activities at work 3.06 -1.04 -0.84 -0.53 -0.11 -0.63 0.86 214.54 0.1486 194

25 Use a computer 1.98 -2.04 -1.69 -1.23 -0.67 -1.41 0.72 277.16 0.0001 185

26 Use telephone to schedule appointments 2.86 -2.37 -1.93 -1.50 -1.04 -1.71 0.82 184.63 0.0001 106

27 Engage in hobbies or recreational activities 3.51 -1.72 -1.24 -0.80 -0.35 -1.03 0.86 227.97 0.0020 170

28 Can take care of others 4.03 -1.33 -0.99 -0.59 -0.11 -0.76 0.90 221.20 0.0103 175

29 Maintain my finances 2.24 -2.21 -1.67 -1.19 -0.57 -1.41 0.77 222.70 0.0271 184

30 Maintain a regular exercise program 2.27 -1.60 -0.99 -0.38 0.23 -0.69 0.78 238.18 0.1231 214

31 Concentrate on something difficult 2.26 -1.98 -1.31 -0.64 0.09 -0.96 0.78 275.47 0.0044 217

32 Prepare my own meals 3.09 -1.73 -1.39 -0.91 -0.45 -1.12 0.84 180.69 0.4510 179

33 Take medications with correct dose and times 1.90 -2.61 -2.10 -1.53 -0.80 -1.76 0.74 216.44 0.0032 163

34 Can find new ways to manage daily activities

when the old way doesn’t work

2.62 -2.28 -1.71 -1.01 -0.20 -1.30 0.81 243.13 0.0003 173

35 Recognize risks and prevent accidents 2.53 -2.28 -1.76 -1.17 -0.59 -1.45 0.79 245.93 0.0001 165

Item parameter estimates = a(h - b); a = discrimination (slope); b1 = threshold 1; b2 = threshold 2; b3 = threshold 3; b4 = threshold 4;

Loadings = the EFA factor loadings on the test items
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potential explanations for such findings. Item 13 was the

most challenging item in the item pool and therefore

effective in measuring individuals who respond at the

higher ranges of the measure. For these reasons, we did not

remove item 13 from the item bank.

The distributions of responses were skewed to endorsing

high confidence levels, indicating that the test items in the

bank were relatively less challenging than the confidence

levels of our sample. In other words, the sample’s confi-

dence levels were higher than the difficulty of the test

items. This finding may explain the low precision for

participants (14.6 % of the sample) with high confidence

levels, those with T score greater than 62 (lower than

reliability 0.80). Theoretically, the IRT model calibrates

parameters based on relationships between person ability

and item difficulty. When person ability is equivalent to

item difficulty, the item information function carries the

most information and low standard errors of measurement

[32]. However, when there is a discrepancy between person

ability and item difficulty, there is a high probability of

errors that result in low reliability. In the item bank, the

most challenging test items were item 13—‘‘exercise vig-

orously for 10 min,’’ item 24—‘‘keep doing my usual

activities at work,’’ and item 30—‘‘maintain a regular

exercise program.’’ Although these test items were the

most challenging items in the item bank, other items may

not be challenging enough to measure the self-efficacy for

individuals with higher confidence. In the item pool

development process, the research team made efforts to

develop particularly challenging items, such as items 12,

13, 14, 15, 16, 19, 20, 23, 24, 28, 30, 31, 34, and 35. Those

items were identified as challenging items and were mod-

ified based on feedback from patients through focus groups

and cognitive testing. For instance, item 28—‘‘I can take

care of others (for example, cook for others, help them

dress, watch children)’’ which demonstrated lower pro-

portions of ratings at the ceiling (about 50 %). However,

most items demonstrating the highest proportions of ratings

at the ceiling are related to basic and instrument activities

of daily living. A possible explanation of the ceiling effect

would be that it occurred due to characteristics among

participants who reside in their community, a population in

which 67.3 % of have no-to-mild impairment levels. Their

medical conditions may be stabilized and good enough for

living in the community. Therefore, additional research

may be needed to develop more challenging test items in

order to measure precisely self-efficacy for managing more

challenging daily activities.

Although the conceptual domains of self-efficacy were

defined and modified by qualitative methods (Delphi, focus

groups, and cognitive interviews), the self-efficacy for

managing daily activities item bank have similar test item

content compared to the PROMIS physical functioning

item bank (v. 1.2). In spite of this similarity, we pursued

this self-efficacy measure because from the Delphi phase,

being physically active was identified as an important

aspect of self-efficacy for managing chronic disease. For

instance, item 11, ‘‘I can walk a block (about 300 feet or

100 m) on flat ground’’ with the response options ranging

from ‘‘I am not at all confident’’ to ‘‘I am very confident’’ is

very similar to a test item of the PROMIS physical func-

tioning item bank (v. 1.2), ‘‘Are you able to walk a block

(100 m) on flat ground?’’ with the primary difference being

in the response options ranging from ‘‘Without any diffi-

culty’’ to ‘‘Unable to do’’ [33]. We believe this is a generic

limitation of self-reported outcome measures in measuring

different conceptual domains. To clearly distinguish the

differences and similarities of the self-efficacy item bank

with other conceptual constructs, future studies will be

needed to investigate the convergent and divergent validity

between the self-efficacy item bank and other self-efficacy

measures and non-self-efficacy measures, respectively.

The item bank demonstrated no evidence of DIF across

gender, race, ethnicity, age, data collection site, and the

five neurological chronic conditions. However, sample size

could affect the significant level of DIF when there is a

small sample in a comparison group and a reference group

or both. The managing daily activities item bank consisted

of a 5-point rating scale, indicating the need for a sample

size of at least 200 to detect moderate uniform DIF [34].

Although there was no DIF for demographics and the five

neurological chronic conditions, the sample sizes for eth-

nicity (n = 64) and four chronic conditions, including

stroke, multiple sclerosis, Parkinson’s disease, and epilepsy

(n = 169–181), were less than 200. These small sample

sizes in the comparison group might inflate the type II error

rate. Thus, further studies are recommended to replicate

with larger samples (n[ 200) to test DIF for ethnicity and

the four chronic conditions.

This study has several limitations. First, our sample had

a predominance of neurological conditions. While there

was no DIF for the data collection mode (clinical site and

internet survey), there were significant differences in

demographics and the neurological chronic conditions. The

different recruitment methods may cause a selection bias,

and the sample differences might affect psychometric

properties. Secondly, while clinicians rated the item pool

and other information for the clinical sample, the collected

data was self-reported from the internet sample. Since data

administration methods were different for the two samples,

the quality of data may not be consistent.

In conclusion, the PROMIS self-efficacy for managing

daily activities item bank was developed and tested by

quantitative measurement theory methods. The psycho-

metrics of the item bank indicated that self-efficacy for

managing chronic conditions can be reliably measured,
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maintaining an acceptable precision across a wide range of

confidence levels. Based on the sound psychometrics, a

CAT for the item bank and various short forms (i.e., 4 and

8 items) can be developed in order to reduce the burden of

completing the 35-item bank. Once a CAT is developed

and tested in clinical settings in people with a range of self-

efficacy, the item bank may be improved by tracking the

trajectory of change in self-efficacy in a longitudinal study

and by introducing more challenging test items that result

in improved precision when measuring high levels of self-

efficacy. Further research is needed to investigate the

untested psychometrics of the item bank, such as predictive

validity, test–retest reliability, and responsiveness.
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Appendix

Raw scores were converted into a T score metric

Raw

score

T score SE Raw

score

T score SE Raw

score

T score SE

35 16.31 3.73 82 35.05 0.87 129 42.63 0.87

36 18.98 2.91 83 35.17 0.91 130 42.75 0.93

37 20.28 2.70 84 35.30 0.97 131 42.89 1.01

38 21.32 2.52 85 35.45 1.06 132 43.06 1.10

39 22.18 2.37 86 35.63 1.14 133 43.25 1.19

40 22.97 2.21 87 35.84 1.22 134 43.48 1.25

41 23.65 2.08 88 36.07 1.26 135 43.72 1.28

42 24.26 1.99 89 36.31 1.27 136 43.97 1.28

43 24.82 1.90 90 36.55 1.24 137 44.21 1.23

44 25.33 1.84 91 36.76 1.17 138 44.43 1.17

45 25.81 1.77 92 36.95 1.08 139 44.63 1.09

46 26.26 1.71 93 37.11 0.98 140 44.80 1.03

47 26.67 1.65 94 37.24 0.89 141 44.95 0.99

48 27.05 1.60 95 37.35 0.82 142 45.10 0.99

49 27.42 1.57 96 37.44 0.78 143 45.25 1.03

50 27.77 1.55 97 37.53 0.78 144 45.42 1.10

51 28.12 1.53 98 37.62 0.81 145 45.62 1.18

52 28.46 1.51 99 37.72 0.87 146 45.84 1.26

Fig. 2 Standard error of

measurement of the managing

daily activities item bank
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Raw

score

T score SE Raw

score

T score SE Raw

score

T score SE

53 28.78 1.48 100 37.85 0.95 147 46.09 1.31

54 29.09 1.43 101 38.00 1.05 148 46.36 1.34

55 29.37 1.37 102 38.17 1.14 149 46.64 1.33

56 29.64 1.32 103 38.38 1.22 150 46.90 1.29

57 29.88 1.30 104 38.61 1.26 151 47.16 1.25

58 30.13 1.30 105 38.85 1.26 152 47.39 1.22

59 30.38 1.32 106 39.08 1.23 153 47.62 1.22

60 30.64 1.34 107 39.29 1.16 154 47.85 1.25

61 30.91 1.36 108 39.47 1.07 155 48.10 1.31

62 31.18 1.36 109 39.63 0.97 156 48.37 1.38

63 31.45 1.33 110 39.76 0.89 157 48.68 1.44

64 31.70 1.27 111 39.86 0.82 158 49.01 1.49

65 31.92 1.20 112 39.96 0.78 159 49.36 1.52

66 32.11 1.13 113 40.04 0.78 160 49.72 1.53

67 32.29 1.07 114 40.14 0.81 161 50.08 1.55

68 32.45 1.05 115 40.24 0.88 162 50.46 1.60

69 32.62 1.06 116 40.37 0.97 163 50.85 1.67

70 32.79 1.10 117 40.52 1.06 164 51.29 1.76

71 32.98 1.17 118 40.70 1.15 165 51.77 1.87

72 33.20 1.23 119 40.91 1.22 166 52.31 1.98

73 33.43 1.28 120 41.14 1.26 167 52.91 2.11

74 33.68 1.29 121 41.38 1.27 168 53.56 2.25

75 33.92 1.28 122 41.61 1.23 169 54.31 2.44

76 34.16 1.22 123 41.83 1.16 170 55.19 2.67

77 34.37 1.15 124 42.01 1.07 171 56.38 3.21

78 34.54 1.06 125 42.17 0.98 172 57.28 3.26

79 34.70 0.97 126 42.30 0.91 173 58.68 3.56

80 34.82 0.90 127 42.42 0.86 174 60.39 3.82

81 34.94 0.87 128 42.53 0.85 175 65.11 5.41

The raw scores were converted into T scores with average 50 and

standard deviation 10

SE standard error
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