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Abstract

Background: Self-efficacy is needed for effectuating lifestyle changes, and it is therefore an important target related
to health. The purpose of this study was to evaluate the psychometric properties of the General Self-Efficacy Scale
(GSE) using Rasch analysis in a sample of adults with morbid obesity.

Methods: A convenience sample of adults with morbid obesity was recruited from patient education courses.
A total of 141 participants completed the GSE and a demographic questionnaire at the beginning of the course.
The statistical approach included analysis of rating scale function, item fit to the Rasch partial credit model,
unidimensionality, aspects of person-response validity, person-separation reliability, and differential item function.
A version omitting items with poor fit to the Rasch model was also evaluated.

Results: The rating scale did not advance monotonically for item #2 in the original 10-item version, and the first
three GSE items did not demonstrate acceptable goodness-of-fit to the Rasch model. In a 7-item version omitting
these three items, the rating scale functioned well for all items, and all items demonstrated good fit to the Rasch
model. Both the 10-item and 7-item versions of the GSE partially met the criteria for unidimensionality. Neither
version met the criterion for person response validity, although the results were slightly better for the 7-item than
for the 10-item version. Both versions of the GSE demonstrated the ability to separate the respondents into three
distinct levels of general self-efficacy. Several items had differential item function in relation to age, education
or work status, but there were fewer in the 7-item version.

Conclusions: For adults with morbid obesity, a 7-item version of the GSE seems to have better psychometric
properties than the original 10-item version.
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Background
Obesity has become a major public health problem, and
the proportion of the population with morbid obesity
(body mass index > 40) is increasing [1]. Morbid obesity
is a risk factor for chronic somatic illnesses such as dia-
betes, hypertension, heart disease, stroke, and cancer
[2-4]. In addition, obesity is related to lower psycho-
logical well-being and quality of life [5,6]. Lifestyle fac-
tors are considered important contributors to the
condition. Most directly, they concern the pattern of nu-
trition and physical activity in people’s lives. Indirectly,
they also include a wide range of activities, such as
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reproduction in any medium, provided the or
seeing a friend for social support instead of over-eating
as a means of reducing emotional stress [7].
Because of the health risks associated with obesity, it

is important to support persons with obesity in making
lifestyle changes. In order to achieve a more health-
promoting lifestyle, a person needs to believe that he or
she can perform the behaviors that lead to better health.
Such beliefs are referred to as self-efficacy and concern a
person’s beliefs about how capable he or she is in per-
forming the behaviors needed to bring about the desired
outcome. Those who believe that they can achieve what
they set forth to do tend to stick to their plan, invest ad-
equate energy and effort in their actions, and do not eas-
ily give up when experiencing setbacks [8]. Furthermore,
the importance of self-efficacy is not limited to behavior
change – empirical studies have found that self-efficacy
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also predicts distal outcomes like health and quality of life
in illness groups as diverse as chronic obstructive pulmon-
ary disease [9], arthritis [10], and heart disease [11].
Given the many-faceted context of activities, relation-

ships, and cultural influences with which persons with mor-
bid obesity have to cope, assessing their self-efficacy only
for specific activities like exercise and dieting appears to be
a limited approach. Assessing the person’s self-efficacy for
coping with challenging activities and situations in general
may be equally important, and it has been proposed that
this generalized sense of competence can predict a complex
set of health perceptions and -behaviors [12]. For persons
with morbid obesity, health perceptions may concern the
perceived ability to exert control over one’s own health situ-
ation, and not consider oneself a victim of illness. Discrete
health behaviors may include dieting and physical activity,
but also seeking advice and support from others when
needed. In support of this reasoning, one study of adoles-
cent girls at risk for excessive weight gain found that higher
general self-efficacy was associated with fewer episodes of
uncontrolled eating and with lower total intake at the meal
[13]. Moreover, a weight loss intervention study with over-
weight and obese adults showed weight loss in the partici-
pants after treatment that was sustained at six months
follow-up, with increasing levels of general self-efficacy dur-
ing the same period [14]. These findings not only highlight
the relevance of general self-efficacy for persons with mor-
bid obesity, but also point to the importance of having valid
measures for assessing general self-efficacy and evaluating
interventions for this population.
The General Self-Efficacy Scale (GSE) [15] has become

a widely used instrument for measuring general self-
efficacy. The GSE assesses “a broad and stable sense of
personal competence to deal effectively with a variety of
stressful situations” [12; p.3]. It consists of 10 items that
are rated on a scale from 1 (“not at all true”) to 4 (“exactly
true”). The ten items of the GSE are listed in Table 1.
Table 1 Items of the general self-efficacy scale
Item # Item description

1 I can always manage to solve difficult problems if I try hard enough

2 If someone opposes me, I can find the means and ways to get what I want

3 It is easy for me to stick to my aims and accomplish my goals

4 I am confident that I could deal efficiently with unexpected events

5 Thanks to my resourcefulness, I know how to handle unforeseen situations

6 I can solve most problems if I invest the necessary effort

7 I can remain calm when facing difficulties because I can rely on my
coping abilities

8 When I am confronted with a problem, I can usually find several solutions

9 If I am in trouble, I can usually think of a solution

10 I can usually handle whatever comes my way

Note. All items have the following response format: 1 = not at all true,
2 = hardly true, 3 =moderately true, 4 = exactly true [15].
The GSE sum score is calculated by summing the item
scores, and ranges between 10 (lowest GSE) and 40
(highest GSE). The scale has been used in research with
college students [16-18] and population cohorts [19], as
well as with clinical populations, including persons with
breast cancer [20], renal disease [21], morbid obesity
[22,23] or chronic obstructive pulmonary disease [22].
High correlations between GSE and a range of social-
cognitive variables, including behavior-specific self-
efficacy, indicate theoretical accuracy of the general
self-efficacy concept [16,24]. Factor analysis of the GSE
has consistently produced a one factor solution; that is,
only one underlying dimension has been found [25]. In
Norway, Leganger and colleagues [26] found GSE item-
total correlations ranging between 0.25 and 0.63, with
factor loadings ranging between 0.32 and 0.74 and in-
ternal consistency (Cronbach’s α) = 0.82. Recent research
has also used modified versions of the GSE in research
with pulmonary rehabilitation patients [27] and patients
at risk for heart failure [28]. In the former case, five
items specifically related to the management of chronic
obstructive pulmonary disease were added to the GSE.
In the latter case, four items (items 1, 6, 8, and 9) were
removed from the GSE in order to test the psychometric
properties of a shorter version of the scale. These later
efforts highlight the need to examine the psychometric
properties of the GSE in light of the specific populations
with which it is used. Most of the above-cited studies,
however, have examined the properties of the GSE by
means of classical test theory (CTT) approaches. These
approaches assume interval data and that all items in a
scale are equally difficult. In addition, CCT does not allow
for a separation of the evaluated persons and items – these
are both interpreted in the context of the other. On the
other hand, modern psychometric approaches, like Item
Response Theory (IRT), estimate each item’s difficulty as
well as each person’s ability on the same metric, allowing
for meaningful comparisons of the two. Moreover, they
examine each item’s relationship to the measured theor-
etical construct [17].
The Rasch model, which is one specific application of

IRT, has been used for decades in order to analyze or-
dinal data in order to provide linear measures, by the
use of logarithmic transformation procedures [29]. A
Rasch-based analytical approach generates reliability and
validity estimates of both persons and items that are in-
dependent of the sample distribution. These estimates
can be used for in-depth monitoring of test functioning.
For example, GSE items and persons demonstrating
poor fit to the Rasch model have unexpected response
patterns given the item’s estimated difficulty and the re-
spondent’s estimated level of general self-efficacy. This
information can be useful in identifying items that do
not contribute to a valid measure of the underlying trait,
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as well as potential response biases related to respondent
characteristics, such as age or gender.
The literature review performed for this study identified

two recent studies using an item response theory approach
to assess the psychometric properties of the GSE [28,30].
However, only the study by Peter and colleagues [30]
used the Rasch analysis method. In their study, the GSE
was used with a sample of persons with spinal cord injury
(N = 102), and they concluded that the data fitted a unidi-
mensional construct [30]. Each item fit the unidimensional
Rasch model, and the items functioned in a similar way
across age, gender, education levels, and functional limita-
tions, with no evidence of significant differential item
functioning. Person reliability was high, and the GSE was
also able to separate participants into five distinct levels of
self-efficacy. In conclusion, the GSE was found to function
as a psychometrically sound measure of self-efficacy for
persons with spinal cord injury, but with a ceiling effect –
generally, self-efficacy levels among the participants were
higher than reflected by the GSE items. To date, it appears
that no studies available have used a Rasch analysis
approach to examine the psychometric properties of the
GSE in persons with morbid obesity.

Purpose
A one-year prospective longitudinal study was designed to
explore changes in health-related quality of life in persons
with morbid obesity and persons with chronic obstructive
pulmonary disease, and also to test 12 instruments with
regard to their ability to detect change over time [23]. The
purpose of this article is to report on the psychometric
properties of the GSE in a sample of persons with morbid
obesity.

Aims and research questions
The aim of this study was to examine and evaluate evi-
dence of validity of the GSE when used with persons
with obesity. The research questions for this study were:

1. What is the structure of the GSE response scale, and
more specifically, do the response categories [1 = not at
all true; 2 = hardly true; 3 =moderately true; 4 = exactly
true] logically reflect less/more self-efficacy in persons
with morbid obesity?

2. Do the items in the GSE support a unidimensional
underlying construct; that is: (a) Do the GSE items’
response patterns across the participants
demonstrate acceptable goodness-of-fit to the Rasch
model (i.e., do the items exhibit expected response
patterns given each participant’s estimated level of
general self-efficacy)? (b) Is the majority of the vari-
ance explained by a single underlying construct?

3. Do the participants’ response patterns on the GSE
items demonstrate acceptable goodness-of-fit to the
Rasch model (i.e., do the participants exhibit expected
response patterns given each item’s estimated level
of difficulty)?

4. Does the GSE separate the sample into a sufficient
number of distinct levels of general self-efficacy?

5. Are item difficulty calibrations stable in relation to
age, sex, work status, education level, and relationship
status (differential item functioning, DIF)?

Methods
Sample
Participants were recruited in 2009 from 10 patient edu-
cation courses at three different sites in Oslo and the
surrounding areas in south-eastern Norway. Patients
were referred to the course by their physician, as the
course is a mandatory requirement for persons with
morbid obesity who want to be considered for bariatric
surgery. The inclusion of each participant required the
person to have a body mass index of 40 kg/m2 or greater
[31]. All 185 participants attending the courses were
given verbal and written information about the study
and invited to participate in the study on the first day of
the course. Those who gave their written consent com-
pleted the study questionnaire in a secluded room on-
site and returned it in a sealed envelope. The project
representative collected the envelopes.

Instruments
Participants completed the Norwegian version of the
GSE [32] (described above) and a demographic question-
naire, which collected data about the participant’s age
(years), sex, marital status (married/cohabitant versus
not married/not cohabitant), and employment status.
Participants’ formal level of education was dichotomized
as 12 years (secondary) education or less versus more
than 12 years (university/college) education.

Statistical analysis
A two-faceted (item and person) Rasch partial credit
model was applied to the GSE data. The Rasch model
takes each item scored and adjusts the final person
measure based on relative differences in item difficulty.
Rasch models are also suitable for handling data where
item scores may be missing. Although only a small num-
ber of item scores were missing across the 141 partici-
pants, i.e., 11 item scores out of 1410 (0.8%), we did not
have to exclude any participant or item scores due to
missing data [33-35].
The WINSTEPS analysis software program, version

3.69.1.16 [36] was used to perform all Rasch analyses.
The Rasch analysis converts the raw item scores into
equal-interval measures using a logarithmic transform-
ation of the odds probabilities of responses. The con-
verted values are then used to examine whether the
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items from the scale measure a single unidimensional
construct, a psychometric property viewed as crucial in
both classical and modern measurement statistics
[33,37]. The logarithmic transformation simultaneously
results in an estimation of each person’s level of general
self-efficacy as well as the difficulty of each item (i.e. tar-
geting lower to higher levels of self-efficacy) along a cali-
brated continuum. A Rasch partial credit model was
applied to the GSE in this sample, as the generic scale
used in GSE may not function in a similar manner
across all items.
First, we evaluated the functioning of the GSE rating

scale, according to the following criteria: a) the category
measures on each item should advance monotonically.
In order to judge category measures, the average meas-
ure was used as an indicator, and b) a criterion less than
2.0 was expected in outfit mean square (MnSq) values
for each item response category calibration [38]. If the
response categories do not advance monotonically, col-
lapsing response categories is suggested to minimize this
problem [38].
After the analysis of the rating scale, we proceeded

with the analysis by evaluating (1) the fit of the GSE
items, (2) the unidimensionality of the GSE, (3) person-
response validity, (4) the ability of the GSE to separate
people into distinct levels of general self-efficacy (sensi-
tivity of the GSE scale), and (5) the stability of item hier-
archy across key demographic variables, by assessing
uniform differential item functioning (DIF).
Evidence of internal-scale validity (1) and person-re-

sponse validity (3) were investigated using goodness-of-
fit statistics using the WINSTEPS program to generate
mean square (MnSq) residuals and standardized z-values
for both items and persons. These values indicate the
degree of match between actual responses on the GSE
and expected responses from the Rasch model. The
goodness-of-fit statistics were evaluated using infit sta-
tistics. Infit statistics are information-weighted fit statis-
tics that give relatively more weight to the performances
of persons who are well targeted to the item difficulty
calibrations. As infit statistics are more informative
when exploring the fit of items to the Rasch model and
person response validity [39,40], we chose infit statistics
to evaluate goodness-of-fit across items and across per-
sons in this study.
The MnSq fit statistic has an expected value of 1.0 and

is preferable for item goodness-of-fit with polytomous
data (as in the GSE) as it is less sensitive to sample size
compared to z [41]. We chose to use a sample-size ad-
justed criterion for item goodness-of-fit which accepted
infit MnSq values between 0.7 and 1.3 logits [41].
The criterion for evaluating person goodness-of-fit was

to accept infit MnSq values ≤ 1.4 logit and/or an associ-
ated z value < 2 [42,43]. It is generally accepted that 5%
of the sample, by chance, may not demonstrate acceptable
goodness-of-fit without a serious threat to person-response
validity [42,43], and thus we chose this proportion as a
guideline for our analysis of person goodness-of-fit in the
GSE. We also monitored the targeting of the GSE in rela-
tion to the current sample by evaluating how many partici-
pants generated a higher or lower measure than the
highest and lowest item threshold (i.e., where the probabil-
ity is 50/50 of giving each of two scores). The proportion
of this sample beyond the thresholds indicates the propor-
tion of participants for whom the GSE version is not ad-
equately targeted or sensitive (ceiling and floor effects).
To evaluate unidimensionality of the GSE, and thus

minimize the risk of additional explanatory factors in the
measures generated, a principal component analysis
(PCA) of residuals was performed [44]. Two criteria were
used: a) at least 50% of the total variance should be ex-
plained by the first latent variable/dimension, and b) any
additional factor should explain < 5% of the remaining
variance of after removal of the first latent variable/dimen-
sion [45,46]. We also evaluated the item residual correla-
tions in order to monitor local independence, with a
criterion set than not more than 5% of the item residual
correlations should exceed 0.30 [47].
To further determine whether the GSE scale could dis-

tinguish people with different levels of general self-
efficacy, person-separation reliability was assessed. For
clinical purposes, we chose a criterion that the scale
should be able to distinguish at least three groups (indi-
cating high, medium, and low levels of general self-
efficacy), which requires a person separation index of at
least 2.0 [48]. For the purpose of comparison to more
traditional reliability estimates, the Rasch-equivalent
Cronbach’s alpha statistic was also assessed.
We finally performed a number of uniform DIF analyses

to evaluate the stability of the GSE item calibrations across
key demographic variables (age, gender, work, education,
and relationship status). These variables were selected
based on their potential to influence GSE. The magnitude
of DIF was evaluated using the Mantel-Haenszel statistic
for polytomous scales using log-odds estimators [49,50] in
the WINSTEPS program [51]. Although a Bonferroni cor-
rection yielding a 1% alpha is commonly used [51], we also
report results with p < 0.05 to more conservatively evalu-
ate the likelihood of item bias. We expected that not more
than 5% of the potential item DIF iterations should dem-
onstrate significant DIF.
Initially, an analysis of all ten GSE items was performed.

If an item did not demonstrate acceptable goodness-of-fit
to the model according to the set criteria, one item at a
time was removed and psychometric properties were
re-analyzed with the remaining items. This procedure was
repeated until all items demonstrated acceptable goodness-
of-fit. After each item removal, unidimensionality, person
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response validity, and reliability of the GSE measures were
re-evaluated as described above.
SPSS for Windows Version 19.0 software was used to

analyze demographic data. Descriptive statistics were used
to summarize the sample characteristics, and independent
sample t-tests were used to compare demographic groups.

Ethics
The Norwegian Research Ethics Committee and the
Ombudsman of Oslo University Hospital approved of
the study (REK S-08662c 2008/17575). Informed written
consent was obtained from all participants. The study is
registered in Clinical Trials: NCT01336725.

Results
Sample characteristics
Of the 185 individuals invited to participate in the study,
142 (76.8%) consented. One participant who did not
complete any of the 10 GSE items was excluded. The
socio-demographic characteristics of the 141 participants
included in the analysis are presented in Table 2. The
male participants were older than the female participants
(45.5, SD 9.2 versus 41.1, SD 10.7, t[139] = 2.28,
p = .024), but no other sex differences were found. Par-
ticipants and non-participants did not significantly differ
with respect to age or sex (data not shown).

Rating scale functioning
In the first step, the functioning of the rating scale was
examined, and some items were found to have fewer
Table 2 Demographic characteristics of the sample and
GSE scores (N = 141)

Demographic
characteristic

GSE scores
mean (SD)

Full sample, range 12 – 39 26.5 (6.3)

Age (years), range 20 – 60 42.4 (10.4)

< 40 years n = 57 (40%) 26.7 (6.5)

≥ 40 years n = 84 (60%) 26.4 (6.3)

Sex

Male n = 41 (29%) 27.0 (6.1)

Female n = 100 (71%) 26.3 (6.5)

Relationship status (n = 140)

Not in paired relationship n = 48 (34%) 26.3 (6.1)

In paired relationship n = 92 (66%) 26.6 (6.5)

Education level

≤ 12 years n = 95 (67%) 26.2 (6.5)

> 12 years n = 46 (33%) 27.2 (6.0)

Employment status (n = 140)

Not working n = 63 (45%) 26.9 (6.1)

Working n = 77 (55%) 26.1 (6.7)

Note. All p-values > .05.
than ten observations in the extreme response categories
(1 and 4). Items #1, #6, #8 and #9 had less than ten re-
sponses in category 1, while item #3 had less than ten
responses in category 4. Since the category measures ad-
vanced monotonically in each of these items, we did not
consider the limited number of responses in these cat-
egories to be a significant threat to the validity of the
GSE. However, for item #2 the category measures on the
GSE rating scale did not advance monotonically. On this
item, response categories 1 (not at all true) and 2 (hardly
true) were reversed, and thus, categories 1 and 2 were
collapsed for item #2 in all subsequent validity analyses.

The fit of the items to the Rasch model
In the second step, analysis of the content validity of the
ten GSE items revealed that item #2 did not demon-
strate acceptable goodness-of-fit to the Rasch model,
meaning that the participants’ scores on this particular
item were inconsistent with their overall response pat-
terns. The analysis therefore continued by removing that
item and repeating the analysis on the remaining nine
items in GSE. Subsequent iterations also removed items
#3 and #1 (see Table 3), and the seven remaining items
all demonstrated acceptable goodness-of-fit. The items,
measures, and item fit statistics of the resulting GSE-7
are shown in Table 4.

Unidimensionality
In the third step, we examined unidimensionality of the
scale to determine whether it measures a single under-
lying construct. The PCA for the different GSE versions
is presented in Table 3. The Rasch model explained be-
tween 60.4% and 64.3% of the variance across the differ-
ent iterations, with the highest explained variance in the
7-item version. These proportions met the criterion for
the first dimension, but the secondary dimension ex-
plained between 7.1% and 9.0% of the total variance,
which were slightly higher than the expected 5%. When
evaluating the item residuals of the GSE 7 item version,
only one out of 21 correlations (4.7%) was above 0.3, fur-
ther supporting local independence of the items and uni-
dimensionality. The evidence of unidimensionality was
therefore mixed in each of the GSE versions; however,
the 7-item version demonstrated the highest degree of
explained variance and local independence, and it was
the only version in which all items demonstrated accept-
able goodness-of-fit.

Person-response validity
The fourth step of the analysis examined person-
response validity. Of the 141 GSE surveys, 13 (9.2%)
failed to demonstrate acceptable goodness-of-fit to the
Rasch model in the 10-item version, indicating that the
response patterns of these persons were unlikely given



Table 3 Overview of the analytic process using a Rasch model approach

Step Psychometric property Statistical approach and criteria Results original 10-item GSE Results reduced 7-item GSE
(omits items with poor fit)a

1 Rating scale functioning:
Does the rating scale function
consistently across items?
(substantive validity)

• Average measures for each step
category and threshold on each
item should advance monotonically

• Rating scale met criteria for all
items but item 2. Scale steps 1
and 2 reversed. Recoded into
1(2)34scale

• Rating scale met criteria

• z-values < 2.0 in outfit mean square
(MnSq) values for step category
calibrationsb

2 Internal scale validity: How
well do the actual item responses
match the expected responses
from the Rasch model?
(content validity)

Item goodness-of-fit statistics
• MnSq values < 1.3c

• 3 items failed to meet criteriond:
• Item 2: MnSq=1.64 (1)
• Item 3: MnSq=1.39 (2)
• Item 1: MnSq=1.38 (3)

• All items met criterion

3 Internal scale validity: Is the
scale unidimensional (i.e., does it
measure a single construct)?
(structural validity)

Principal component analysis
• ≥ 50% of total variance explained
by first component (general
self-efficacy)e

• Any additional component explains
< 5% (or eigenvalue<2.0) of the
remaining variance after removing
first componente

No more than 5% (or 1 out of 20)
of the residual correlations >.30

• First component explained
61.3% of total variance
• Second component
• explained 6.9% of total
variance, but eigenvalue
<2.0 (1.8)
• One out of 45 (2.2%)
residual correlations >.30
(#3 - #8: r = -.31)

• First component explained
64.5% of total variance
• Second component explained
8.9% of total variance, but
eigenvalue <2.0 (1.7)
• One out of 21 (4.8%) residual
correlations >.30 (#4 - #9: r= -.33)

4 Person-response validity: How well
do the individual responses match
expected responses from the Rasch
model? (substantive validity)

Person goodness-of-fit statistics
• Infit MnSq values < 1.5 and z-value
≤ 2.0f

• ≤ 5% of sample fails to demonstrate
acceptable goodness-of-fit valuesf

• 13/14 respondents (9.2/9.9%
of sample) failed to demonstrate
acceptable goodness-of-fit
values

• 8/9 respondents ( 5.7/6.4% of
sample) failed to demonstrate
acceptable goodness-of-fit
values

• Infit MnSq values < 1.5 and
z-value ≤ 2.0f

• ≤ 5% of sample fails to demonstrate
acceptable goodness-of-fit valuesf

5 Person-separation reliability: Can
the scale distinguish ≥3 distinct
groups of self-efficacy in the
sample tested? (reliability)

Person-separation index
• ≥ 2.0g

• 2.75 • 2.67

6 Internal consistency: Are item
responses consistent with each
other? (reliability)

Cronbach’s alpha coefficient
• > 0.8g

• 0.93 • 0.93

Note. After initial evaluation of the original 10-item GSE, a stepwise process was used whereby items failing to meet criteria were removed one at a time, and only
those meeting criteria in earlier steps advanced to subsequent steps. If more than one item failed to meet a criterion, the item with the worst fit was removed
and the step was repeated with the remaining items. The last column includes a 7-item version omitting misfitting items 1, 2, and 3.
b[38].
c[52].
dItems are listed in the order of removal and the MnSq values shown reflect the iteration prior to the item’s removal.
e[47].
f[53].
g[48].
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their underlying level of general self-efficacy. This pro-
portion was reduced slightly as the misfitting items were
removed, with the 7-item GSE having 8 respondents
(5.7%) failing to demonstrate acceptable goodness-of-fit.
There were no systematic demographic differences be-
tween the respondents with and without misfit. Thus,
we concluded that the GSE demonstrated a somewhat
higher level of misfit among participants than expected,
although the 7-item version was slightly better than the
10-item version.
To monitor the targeting of the GSE in relation to the

current sample, the number of participants with
maximum and minimum scores across the different
GSE-item solutions was evaluated, as shown in Table 2.
None of the participants had a maximum score on the
10-item version, but 5 (3.5%) respondents had a max-
imum score on the 7-item version. None of the partici-
pants obtained a minimum score on either version of
the scale. When specifically evaluating how many of the
participants scored higher or lower than the item thresh-
olds, eight participants (5.7%) were outside the max-
imum range of the GSE 7-item version (seven above and
one below the maximum range). The distribution of the
sample in relation to the item thresholds are presented



Table 4 Items, measures, and item statistics of the 7-item
version of the General Self-Efficacy Scale

Item # Item description Item
measure
(logits)

Item fit
statistics

7 I can remain calm when facing
difficulties because I can rely on
my coping abilities

60.65 1.00

5 Thanks to my resourcefulness, I know
how to handle unforeseen situations

55.99 0.89

4 I am confident that I could deal
efficiently with unexpected events

54.47 0.86

10 I can usually handle whatever comes
my way

53.17 1.17

8 When I am confronted with a problem,
I can usually find several solutions

49.44 1.00

9 If I am in trouble, I can usually think of
a solution

40.55 0.86

6 I can solve most problems if I invest
the necessary effort

35.72 1.14

Note. Lower measures = higher scores; higher measures = lower scores. Items
are in decreasing level of difficulty.

Figure 1 Person-Item map for the 7-item version of the GSE. Legend:
morbid obesity (n = 141). Each item threshold is presented in the table, wh
mean (M) and standard deviation (SD) of the sample is presented, in relatio
persons and each "." represents one person.
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in Figure 1. There was also a difference between the
sample mean (M = 58.6, 95% confidence interval [CI] =
54.0-63.2) and item mean (M = 50.0, 95% CI = 43.4-56.6),
indicating that overall the sample had higher self-
efficacy than the GSE item target.
Person separation reliability and internal consistency
The fifth step of the analysis examined the GSE in terms
of its ability to separate persons into groups based on
different levels of general self-efficacy. The person separ-
ation index was 2.75 for the original 10-item version of
the GSE and 2.67 for the 7-item version, indicating that
both versions can detect three statistically distinct
groups of participants within the sample. The Rasch-
equivalent Cronbach’s alpha coefficient for all of the
GSE versions was 0.93. The distributions of persons and
GSE items (and each item threshold per response cat-
egory) for the 7-item version are presented in Figure 1.
Differential item functioning (DIF)
Table 5 shows how the GSE rating scales – both the ori-
ginal version and the 7-item version – functioned across
A person-item map of the GSE-7 items in a sample of people with
ere there is a 50/50 chance of giving any of the stated scores. The
n to the item mean (set at 50 by default). Each "#" represents two



Table 5 Differential item functioning in the original and the reduced GSE versions

Differential item functioning Results Results

(DIF): Are item difficulty calibrations stable in
relation to the following demographic variables?
(generalizability validity)

Original 10-item GSE Reduced 7-item GSE (omits items with poor fit)a

Age Item 1: easier to agree with for people < 40
(p = .045)

• No DIF

Gender • No DIF • No DIF

Work • Item 7: easier to agree for workers (p = .012) • Item 7: easier to agree for workers (p = .003)

Education • Item 2: easier to agree for persons with
higher education (p = .045)

• Item 8: easier to agree for higher education
(p = .046)

• Item 4: easier to agree for persons with
lower education (p = .024)

Relationship • No DIF • No DIF

Note. One item with DIF out of 20 can be expected to occur by chance and is deemed acceptable. Thus, the criterion for differential item function was a Mantel-
Haenszel statistic [49] with p < 0.01 after Bonferroni correction [51]. Using an uncorrected p-value of < 0.05 is not common, but minimizes the risk of underestimating
item bias.
aItems #1, 2, and 3 removed.
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age, sex, work status, education level, and relationship
status. The GSE items in both 10- and 7-item versions
functioned similarly in relation to participant sex and re-
lationship status. However, in the 10-item version, item
#1 functioned differently by age group, and items #2 and
#4 functioned differently by education level. Item #7
functioned differently in relation to work status in both
the 10-item and 7-item versions. In the 7-item version,
item #8 also demonstrated DIF in relation to education
level. When the significance level was adjusted for the
number of comparisons (p < 0.01) none of the DIFs were
significant in the 10-item version, and only one (item
#7) had significant DIF in the 7-item version.
Discussion
This study was the first to examine the psychometric
properties of the General Self-Efficacy Scale in a sample
of persons with morbid obesity using a Rasch analysis
approach. The original 10-item version explained 61.3%
variance by the first latent dimension (general self-
efficacy), but three items demonstrated poor fit to the
Rasch model and were deleted. The resulting 7-item
GSE functioned reasonably well in this sample, and a
higher variance proportion (64.5%) was explained by the
first dimension in this version. However, the variance ex-
plained by the second dimension exceeded the criterion
of 5% for both versions of the scale, suggesting the possi-
bility of a minor second dimension. There were also lim-
itations related to person response validity, as both
versions exceeded the criterion of <5% of persons dem-
onstrating unacceptable fit to the Rasch model. Both
versions were sufficiently sensitive to be able to distin-
guish three distinct groups of participants. The good
separation ability also enhances the measure’s sensitivity
for detecting change.
Items #1 and #2 both demonstrated misfit to the
Rasch model. This may indicate a general misfit of these
items across sample populations, and not a particular
misfit among persons with morbid obesity, given that a
study on spinal cord injury patients found similar prob-
lems with these items [30]. Item misfit essentially indi-
cates that the respondents rated this item inconsistently
in relation to their overall response pattern. For item #1,
the misfit may be explained by different interpretations
of the item. A person emphasizing the latter part of the
item (“…if I try hard enough”) would perhaps be able to
give a high rating to this item, even if he or she had low
scores on the other items. Conversely, a person with
high ratings on the other items may still have given item
#1 a low rating if he or she emphasized the first part of
the item (“I can always manage to solve difficult
problems…”).
For item #2, the misfit may be explained by this item

being the only one to include an interpersonal aspect.
For participants with otherwise equal levels of general
self-efficacy, some felt a strong sense of competence in
getting what they want in spite of others opposing them,
whereas others felt they had less such competence. Pre-
vious research has shown that persons who are obese ex-
perience prejudice and discrimination [54]; thus, some
of the participants may have had difficult experiences
with others opposing them, whereas others have not.
Given the similarities between our results and those of
Peter and colleagues [30], an alternative explanation is
that item #2 does not function well as part of the GSE
scale in general, and is not specifically problematic
among persons with morbid obesity.
With respect to item #3, it may be that the sample

characteristics played a significant part in determining
some participants’ response. In the context of a diagnos-
tically targeted patient education course, some may have
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rated item #3 with their health condition specifically in
mind. That is, their interpretation of the phrase “it is easy
for me to stick to my aims and accomplish my goals” may
have been related to their goal of losing weight and living
healthier in terms of what they eat and how physically ac-
tive they are in their daily life. On the other hand, others
may have more general aims and goals in mind when
responding to this item. This discrepancy may have led to
item #3 misfitting with the GSE scale.
It could be argued that it is not a good idea to remove

an item which seems particularly relevant for the obesity
population. In particular, item #3 may represent a core
struggle for persons who are obese. From a clinical point
of view, it has been emphasized that persons with morbid
obesity may be quite knowledgeable about what they
should do and not do in order to improve their lifestyle –
what is often lacking is the ability to persist in doing
what is needed to achieve a healthier lifestyle [7,22].
However, if this item has the potential of being inter-
preted very differently between respondents, it may not
fit well with the general self-efficacy construct being
assessed. So the item may still generate clinically im-
portant information regarding the person with morbid
obesity, but will not fit the measurement scale. Persist-
ence in sticking to aims and accomplishing goals in the
specific context of obesity management should prefera-
bly be addressed in specific measures of self-efficacy for
targeted behaviors and activities that are particularly
relevant for persons with morbid obesity.
Removing the three misfitting items will make the

sum score of the remaining items difficult to compare to
previous research results. It is also noteworthy that the
previously constructed short version of the GSE yielded
a different solution, including items 2, 3, 4, 5, 7, and 10
in the resulting scale [28]. If future studies with partici-
pants with morbid obesity use the GSE-7, as suggested
by this study, the scores can be adjusted to correct for
the reduced number of items, but comparisons to 10-
item scores, and in particular to shorter scales composed
of different items, should be made with caution.
The study also showed lower GSE levels in this sample

of participants with morbid obesity than what has been
previously shown with large normal population samples
[25]. It makes sense that having a chronic health prob-
lem, like morbid obesity, can be associated with lower
self-efficacy. A health problem may in and of itself di-
minish the person’s view of him- or herself as someone
who can deal with important challenges in life, and espe-
cially so when the health problem is viewed as closely
related to the person’s own lifestyle, as is the case with
morbid obesity. Failing to follow what the person knows
to be an effective course of action, like adhering to a diet
or increasing physical activity, may detract from the per-
son’s self-efficacy.
On the other hand, age may be related to self-efficacy.
In a large Norwegian study, general self-efficacy in a
sample of 18-year old adolescents (Mean GSE = 24.3)
was substantially lower than in a sample of adult
smokers who were about 40 years of age (Mean GSE =
29.6) [26]. The difference was discussed in light of Ban-
dura’s social cognitive theory [55], suggesting that ado-
lescence is a period of transition requiring the mastery
of new skills as the person gradually progresses into
adult age. Comparing our sample to the two subsamples
in Leganger’s study [26], our sample had a mean age
similar to that of the subsample of adult smokers, but
had GSE levels similar to those of the subsample of ado-
lescents. Attending a patient education course indicates
making an effort to change lifestyle, and as such, it may
also indicate an uneasy period of transition. Thus, the
lower levels of GSE in our sample may be partly explained
by their unstable situation and the stress they may experi-
ence during the process of change. This comparison may
also speak to a larger impact of stress in determining the
level of self-efficacy, as compared to the impact of age.
The targeting between the GSE items and the partici-

pants in this study indicated that the GSE items target
lower levels of self-efficacy than generally possessed by
the sample, as evidenced by the higher person means
compared to item means. On the other hand, the 95% CI
of the means are overlapping, and only 5.7% of the sample
scored outside the range of the GSE 7-item version, and
the majority of those scored higher. Given these findings,
we suggest that the GSE targeting is acceptable for the
sample tested. It may also be more important to target
those with lower levels of self-efficacy than to differentiate
between those with higher levels. From a clinical point of
view, it is those with lower levels of self-efficacy that may
need additional support and intervention.

Study strengths and limitations
The main strength of this study is the use of a modern
test theory approach – Rasch analysis – to investigate
the psychometric properties of the GSE, an instrument
widely used in research related to health and quality of
life. In addition, the study was based on a sample of per-
sons with morbid obesity with a high participation rate
and relatively little missing data, thereby minimizing the
likelihood of bias. Furthermore, evaluating the psycho-
metric properties of both the original GSE and a version
omitting misfitting items allowed for the direct compari-
son of the two versions.
A limitation of this analysis is that it is based on a

fairly small sample, and this needs to be considered in
the interpretation of the results. Even though the overall
sample size in this study can generate relatively precise
item calibrations [56], the DIF findings are more specu-
lative as the sizes of the subgroups are smaller than
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optimal. The fact that we were able to distinguish three
levels of general self-efficacy also suggests that relatively
robust parameters were obtained. All participants were
recruited from patient education courses, and thus, this
sample may differ from the broader population of per-
sons with morbid obesity. Attending such a course may
indicate that the participants were highly motivated to
improve their health condition. Furthermore, the overall
patterns of general self-efficacy in this sample may differ
from those of persons who are not attending such
courses. This ambiguity concerning the participants’ mo-
tivation for making changes and the possibility of differ-
ent patterns of general self-efficacy in this group may
limit the generalizability of these results.

Conclusion and directions for future research
The original 10-item GSE functioned as a unidimensional
measure, but three items showed poor fit to the applied
Rasch model. After removal of these items (#1, #2, and #3),
the resulting 7-item version showed better psychometric
properties than the original. However, in cases where it is
relevant to examine self-efficacy beliefs item by item, it
may be appropriate to use all 10 items, despite the fact that
three items showed poor fit to the Rasch model in this
study. Given that few research studies have used a Rasch
analysis approach to examining the GSE, conducting Rasch
analytic studies of the scale with various groups of people
appears to be one line of future psychometric research on
the GSE. Eventually, such efforts may lead to modifications
of the scale for the specific groups it is used with.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
TB drafted the manuscript. AK performed the statistical analysis and
contributed to the drafting of the manuscript. CG contributed to the drafting
of the manuscript. MSF designed the study, collected the data, and
contributed to the drafting of the manuscript. AL contributed to the design
of the study and contributed to the drafting of the manuscript. All authors
read and approved the final manuscript.

Acknowledgements
The study was funded by the Norwegian Centre for Patient Education,
Research and Service Development, Oslo, Norway. The funding source had
no further involvement in any part of the research process. The contributions
from the following Norwegian institutions are acknowledged: The Patient
Education Centers at Oslo University Hospital – Aker, Oslo; Deacon’s Hospital,
Oslo; Lovisenberg Diakonale Hospital, Oslo; Asker and Bærum Hospital,
Sandvika; Østfold Hospital, Sarpsborg; and Stavanger University Hospital,
Stavanger. In addition, we acknowledge the contributions of the Pulmonary
Rehabilitation Clinics at Oslo University Hospital – Ullevål, Oslo; Krokeide
Center, Nærland; and Glittreklinikken, Nittedal.

Author details
1Department of Occupational Therapy, Prosthetics and Orthotics, Faculty of
Health Sciences, Oslo and Akershus University College of Applied Sciences,
Oslo, Norway. 2Department of Neurobiology, Care Sciences and Society,
Karolinska Institutet, Stockholm, Sweden. 3Lovisenberg Diakonale Hospital,
Oslo, Norway. 4Lovisenberg Diakonale University College, Oslo, Norway.
5Department of Nursing Science, Institute of Health and Society, Faculty of
Medicine, University of Oslo, Oslo, Norway.
Received: 26 June 2013 Accepted: 19 November 2013
Published: 25 November 2013

Reference
1. Sturm R: Increases in morbid obesity in the USA: 2000–2005. Public Health

2007, 121:492–496.
2. Dixon JB: The effect of obesity on health outcomes. Mol Cell Endocrinol

2010, 316:104–108.
3. James WP: What are the health risks? The medical consequences of

obesity and its health risks. Exp Clin Endocrinol Diabetes 1998, 106(2):1–6.
4. Obesity NTFotPaTo: verweight, Obesity, and Health Risk. Arch Intern Med

2000, 160:898–904.
5. Abiles V, Rodriguez-Ruiz S, Abiles J, Mellado C, Garcia A, de la CA P,

Fernandez-Santaella MC: Psychological characteristics of morbidly obese
candidates for bariatric surgery. Obes Surg 2010, 20:161–167.

6. de Zwaan M, Petersen I, Kaerber M, Burgmer R, Nolting B, Legenbauer T,
Benecke A, Herpertz S: Obesity and Quality of Life: a controlled study of
normal-weight and obese individuals. Psychosomatics 2009, 50:474–482.

7. Bonsaksen T, Hustadnes AL, Axelsen PM, Bjørnsborg E: Læring og mestring
ved sykelig fedme. Utvikling av lærings- og mestringskurs ved Oslo
Universitetssykehus, Aker [Learning and coping with morbid obesity.
The development of health education courses at Oslo University
Hospital, Aker]. Sykepleien 2011, 99:58–60.

8. Bandura A: Self-efficacy: The exercise of control. New York: W.H. Freeman and
Company; 1997.

9. Bentsen SB, Wentzel-Larsen T, Henriksen AH, Rokne B, Wahl AK: Self-efficacy as a
predictor of improvement in health status and overall quality of life in
pulmonary rehabilitation - an exploratory study. Patient Educ Coun. 2010, 81:5–13.

10. Cross M, March L, Lapsley H, Byrne E, Brooks P: Patient self-efficacy and
health locus of control: relationships with health status and arthritis-
related expenditure. Rheumatology 2006, 45:92–96.

11. Song KJ: The effects of self-efficacy promoting cardiac rehabilitation
program on self-efficacy, health behavior, and quality of life. Taehan
Kanho Hakhoe Chi 2003, 33:510–518.

12. Schwarzer R, Luszczynska A: Perceived Self-Efficacy. In Health Behavior
Constructs: Theory, Measurement and Research. Edited by Gerrard M, McCaul
D. National Cancer Institute; 2007:1–33.

13. Glosofer DR, Haaga DAF, Hannallah L, Field SE, Kozlosky M, Reynolds J,
Yanovski JA, Tanofski-Kraff M: Self-Efficacy beliefs and eating behavior in
adolescent girls at-risk for excess weight gain and binge eating disorder.
Int J Eat Disord 2013, 0:1–6.

14. Alert M, Rastegar S, Foret M, Slipp L, Jacquart J, Macklin E, Baim M,
Fricchione G, Benson H, Denninger J, Yeung A: The effectiveness of a
comprehensive mind body weight loss intervention for overweight and
obese adults. A pilot study. Complement Ther Med 2013, 21:286–293.

15. Schwarzer R, Jerusalem M, Weinman J, Wright S, Johnston M: Generalized
self-efficacy scale. In Measures in health psychology: A user's portfoli. UK:
Nfer-Nelson, Winsor; 1995:35–37.

16. Posadzki P, Stockl A, Musonda P, Tsouroufli M: A mixed method approach
to sense of coherence, health behaviors, self-efficacy and optimism:
Towards the operationalization of positive health attitudes. Scand J
Psychol 2010, 51:246–252.

17. Scherbaum CA, Cohen-Charash Y, Kern MJ: Measuring General Self-
Efficacy: A Comparison of Three Measures Using Item Response Theory.
Educ Psychol Meas 2006, 66:1047–1063.

18. Strobel M, Tumasjan A, Spörrle M: Be yourself, believe in yourself, and be
happy: Self-efficacy as a mediator between personality factors and
subjective well-being. Scand J Psychol 2011, 52:43–48.

19. Löve J, Moore CD, Hensing G: Validation of the Swedish trnslation of the
general self-efficacy scale. Qual Life Res 2012, 21:1249–1253.

20. Rottmann N, Dalton SO, Christensen J, Frederiksen K, Johansen C: Self-efficacy,
adjustment style and well-being in breast cancer patients: a longitudinal
study. Qual Life Res 2010, 19:827–836.

21. Wells JR, Anderson ST: Self-Efficacy and Social Support in African Americans
Diagnosed with End Stage Renal Disease. ABNF Journal 2011, 22:9–12.

22. Bonsaksen T, Lerdal A, Fagermoen MS: Factors Associated with Self-Efficacy
in Persons with Chronic Illness. Scand J Psychol 2012, 53:333–339.

23. Lerdal A, Andenaes R, Bjornsborg E, Bonsaksen T, Borge L, Christiansen B,
Eide H, Hvinden K, Fagermoen MS: Personal factors associated with
health-related quality of life in persons with morbid obesity on
treatment waiting lists in Norway. Qual Life Res 2011, 20:1187–1196.



Bonsaksen et al. Health and Quality of Life Outcomes 2013, 11:202 Page 11 of 11
http://www.hqlo.com/content/11/1/202
24. Luszczynska A, Scholz U, Schwarzer R: The General Self-Efficacy Scale:
Multicultural Validation Studies. J Psychol 2005, 139:439–457.

25. Scholz U, Doña BG, Sud S, Schwarzer R: Is general self-efficacy a universal
construct? Psychometric findings from 25 countries. Eur J Psychol Assess.
2002, 18:242–251.

26. Leganger A, Kraft P, Roysamb E: General and task specific self-efficacy in
health behaviour research: Conceptualization, measurement and
correlates. Psychol Health 2000, 15:51–69.

27. Vincent E, Sewell L, Deacon S, Williams J, Singh S: Measuring a Change in
Self-Efficacy Following Pulmonary Rehabilitation: An Evaluation of the
PRAISE Tool. Chest 2011, 140:1534–1539.

28. Romppel M, Herrmann-Lingen C, Wachter R, Edelmann F, Düngen HD,
Pieske B, Grande G: A short form of the General Self-Efficacy Scale (GSE-
6): Development, psychometric properties and validity in an intercultural
non-clinical sample and a sample of patients at risk for heart failure.
GMS Psych-Soc Med. 2013, 10:1–7.

29. Andrich D: Rasch Models for Measurement. Newbury Park, CA: SAGE; 1988.
30. Peter C, Cieza A, Geyh S: Rasch analysis of the General Self-Efficacy Scale

(GSES) in spinal cord injury (SCI). J Health Psychol 2013 (Epub ahead of
print. doi:10.1177/1359105313475897).

31. World Health Organization: Global Database on Body Mass Index. [http://
apps.who.int/bmi/index.jsp?introPage=intro_3.html]

32. Røysamb E: Adolescent risk making: behaviour patterns and the role of emotions
and cognitions. Oslo: Department of Psychology, University of Oslo; 1997.

33. Bond TG, Fox CM: Applying the Rasch model. Fundamental measurement in
the human sciences. Mahawah, NJ: Erlbaum Publishers; 2001.

34. Wright BD, Stone MH: Best test design. Chicago: MESA Press; 1979.
35. Linacre JM: Winsteps computer program, Version 3.63.0. Chicago: Rasch

Measurement; 2006.
36. Linacre JM: Winstep - Rasch Model computer program. Version 3.69.1.16.

Available from:URL: http://www.winsteps.com/index.htm (retreived June 2010).
37. Spector PE: Summated Rating Scale Construction: An Introduction. Beverly

Hills and London: Sage Publications, Inc; 1992.
38. Linacre JM: Optimizing rating scale category effectiveness. In Introduction

to Rasch Measurement: Theory, models and applications. Edited by Smith EV,
Smith RM. Maple Grove: JAM Press Publisher; 2004:258–278.

39. Bond TG, Fox CM: Applying the Rasch Model: Fundamental measurement in the
human sciences. 2nd edition. Mahwah, NJ: Lawrence Erlbaum Associates, Inc.; 2007.

40. Wright BD, Masters GN: Rating scale analysis: Rasch measurement. Chicago:
MESA Press; 1982.

41. Smith AB, Rush R, Fallowfield LJ, Velikova G, Sharpe M: Rasch fit statistics
and sample size considerations for polytomous data. BMC Med Res
Methodol 2008, 29:33.

42. Nilsson I, Fisher AG: Evaluating leisure activities in the oldest old. Scand J
Occup Ther 2006, 13:31–37.

43. Patomella AH, Tham K, Kottorp A: P-drive: assessment of driving
performance after stroke. J Rehabil Med 2006, 38:273–279.

44. Rasch-model computer programs. [http://www.winsteps.com/index.htm]
45. Smith RM, Miao CY: Assessing unidimensionality for Rasch measurement. In

Objective Measurement: Theory into Practice. Volume 2. Edited by Wilson M.
Greenwich: Ablex; 1994.

46. Raiche G: Critical Eigenvalue Sizes in Standardized Residual Prinicipal
Component analysis. Rasch measurement transactions 2005, 19:1012.

47. Linacre JM: A User's Guide to Winstep. Ministep Rasch-Model Computer
Programs.: Program Manual 3.73.0. 2011. Available from:
http:www.winsteps.com/ministep.htm.

48. Fisher W: Reliability, separation, strata statistics. Rasch measurement
transaction 1992, 6:238.

49. Mantel N: Chi-sqare tests with one degree of freedom. Extensions of the
Mantel-Haenzel procedure. J Am Stat Assoc 1963, 58:690–700.

50. Mantel N, Haenzel W: Statistical aspects of the analysis of data from
retrospective studies of disease. J Natl Cancer Inst 1959, 22:719–748.

51. Tennant A, Conaghan PG: The Rasch Measurement Model in
Rheumatology: What Is It and Why Use It? When Should It Be Applied,
and What Should One Look for in a Rasch Paper? Arthritis Rheum 2007,
57:1358–1362.

52. Wright BD, Linacre JM: Reasonable mean-square fit values. Rasch
measurement transactions 1994, 8:370.

53. Kottorp A, Bernspang B, Fisher AG: Validity of a performance assessment
of activities of daily living for people with developmental disabilities.
J Intellect Disabil Res 2003, 47:605.
54. Puhl R, Brownell KD: Bias, Discrimination, and Obesity. Obes Res 2001,
9:788–805.

55. Bandura A: Social foundations of thought and action: A social cognitive
theory. Englewood Cliffs, NJ: Prentice-Hall; 1986.

56. Linacre JM: Sample size and item calibration stability. Rasch measurement
transactions 1994, 7:328.

doi:10.1186/1477-7525-11-202
Cite this article as: Bonsaksen et al.: Rasch analysis of the General
Self-Efficacy Scale in a sample of persons with morbid obesity. Health
and Quality of Life Outcomes 2013 11:202.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

http://apps.who.int/bmi/index.jsp?introPage=intro_3.html
http://apps.who.int/bmi/index.jsp?introPage=intro_3.html
http://www.winsteps.com/index.htm
http://www.winsteps.com/index.htm
http://www.winsteps.com/ministep.htm

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Purpose
	Aims and research questions

	Methods
	Sample
	Instruments
	Statistical analysis
	Ethics

	Results
	Sample characteristics
	Rating scale functioning
	The fit of the items to the Rasch model
	Unidimensionality
	Person-response validity
	Person separation reliability and internal consistency
	Differential item functioning (DIF)

	Discussion
	Study strengths and limitations

	Conclusion and directions for future research
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	Reference


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


