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Abstract

Background: The concept of hope has been measured using the Herth Hope Index (HHI) in different samples, but
varying factor structures comprising different items from the HHI have been reported. Therefore, further testing
with regard to the dimensionality of the instrument is recommended. Rasch modeling can be used to evaluate
validity evidence of an instrument’s underlying structure, to identify items with poor fit to the rest of the scale,
and to identify items that perform inconsistently across groups. The aim of this study was to assess the HHI’s
psychometric properties in a sample of cancer patients using a Rasch model. Adult oncology outpatients (n =
167) with pain from bone metastasis were included, and medical records were reviewed for disease and treatment
information. Patients completed the 12-item HHI, which measures various dimensions of hope using a 4-point Likert
scale that ranges from 1 (strongly disagree) to 4 (strongly agree). The internal scale validity, person response validity,
unidimensionality, and uniform differential item functioning were evaluated by applying a Rasch rating scale model.

Results: Five (42%) of the twelve items (#3, #4, #5, #6 and #7) did not meet the criterion set for item goodness-of-fit.
After removing these 5 items, the resulting 7-item scale demonstrated acceptable item fit to the model, acceptable
unidimensionality (52.6% of the variance explained), acceptable person goodness-of-fit, adequate separation, and no
differential item function.

Conclusion: A 7-item version of the HHI had better psychometric properties than the original 12-item version among
patients with cancer-related pain.

Trial registration: The protocol ID is 158,707/V10 and it was registered on ClinicalTrials.gov as NCT00760305.
Registered September 25, 2008.

Background
Hope has been measured in many different patient sam-
ples [1–5], in family caregivers [6, 7] and in the general
population [8]. Hope is described as an important
phenomenon for patients in different phases of their dis-
ease [2, 9] as well as for their quality of life [10, 11].
Hope is considered to be an effective coping strategy for
both patients [12, 13] and family caregivers [7] in de-
manding situations in life. One commonly used measure
of hope is the Herth Hope Index (HHI) [14]. The HHI is
a 12-item instrument designed to measure a global,
non-time oriented sense of hope. The HHI is based on a

definition of hope that describes it as a multidimensional
life force characterized by a confident yet uncertain ex-
pectation of achieving a future good, which to the hop-
ing person is realistically possible and personally
significant [15]. The three dimensions of the HHI are
defined to be: temporality and future, positive readiness
and expectancy, and interconnectedness [14].
The HHI was developed from the 30-item Herth Hope

Scale (HHS) [16]. The HHS was reduced from 30 to 12
items to make a shorter scale and still capture the
multi-dimensionality of hope as presented in the HHS
[14, 16]. Herth did a factor analysis of adults in clinical
settings and found a three-factor solution explaining
61% of the variance in HHI scores [14]. All 12 HHI
items had a significant loading on one of the three fac-
tors corresponding to the Herth Hope Scale. Factor 1
(Inner sense of temporality and future) consisted of
items #1, #2, #6 and #11, Factor 2 (Inner positive
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readiness and expectancy) consisted of items #4, #7, #10
and #12, and Factor 3 (Interconnectedness with self and
others) consisted of items #3, #5, #8 and #9.
After Herth’s factor analysis, 8 studies further exam-

ined the factor structure of the HHI using various ap-
proaches [6, 8, 17–22] (Table 1). Interestingly, in these
eight studies, one [20, 21], two [6, 8, 17, 19, 22] or three
factors [18] were identified. These differing results may
be due to the fact that the studies not only used different
analytic approaches, but also used the HHI in different
types of samples and in different countries. Still, the
findings indicate that there is no empirically confirmed
construction of the phenomenon of hope as measured
by the HHI.
The psychometric properties of the HHI were evalu-

ated in a representative sample of the Norwegian popu-
lation [8], and a factor analysis resulted in a two-factor
solution, which explained 38% of the variance. One fac-
tor consisted of four items, including #1, #2, #3 and #6.
The other six items loaded on the second factor. These
findings suggested that positively worded items cluster
together on a dominant factor as both items #3 and #6
are negatively worded and items #1 and #2 loaded on
both factors [8]. The two factors were not named in this
study, but three of four items in one factor were future
oriented (positive outlook on life, presence of goals and
scared about the future). The other factor comprised the
rest of the items.
Benzein and Berg [17] examined the factor structure

of the HHI in Swedish palliative cancer patients. They
also found a two-factor solution explaining 56% of the
variance. One factor consisted of two items, #4 and #5,
and they named it “Religiosity”. The second factor con-
sisted of the other 10 items and was named “Reconcili-
ation with life situation”. With only two items, the first
factor explained only 9.4% of the variance. One can also
question whether item #4 (I can see a light in the tunnel)
reflects religiosity.
In a Dutch study with patients with severe mental

health problems, a two-factor solution was found
explaining 47% of the variance [22]. The first factor
(view on life and future) consisted of items #1, #2, #3,
#6, #10 and #12, while the second factor (self-confidence
and inner strength) consisted of the other six items.
In a study describing the psychometric properties in

cognitively intact Norwegian nursing home patients,
Haugan and colleagues described different factor solu-
tions of the HHI [19]. A two-factor model comprising
11 items (excluding item #6) resulted in the best model
fit. One factor was named “Temporality and readiness”
and the other “Interconnect”. This model explained
41.6% of the variance. The factor structure of the HHI
was examined in US patients with cognitive impairment
and their family caregivers [6]. They found a two-factor

solution explaining 51.4% of the variance. Factor 1 com-
prised items #2, #3, #7, #9, #10 and #12, while factor 2
comprised items #1, #4, #5, #6, #8, and #11. Factor 2 ex-
plained only 6.05% of the variance.
In Chinese patients with heart failure [18], a confirma-

tory factor analysis yielded the same three-factor solu-
tion as Herth found in her original work [14]. The
percent of explained variance was not reported in the
Chan et al. study. In Italian patients with solid and
hematological malignancies on active treatment [21], a
one-factor solution was found to have the best fit.
Taken together, previous studies using classical test

theory approaches found varying factor structures
comprising different items from the HHI. The mea-
sureable concept of hope seems to be influenced by
various aspects, including both methodological ap-
proaches as well as sample-dependent characteristics.
Therefore, further testing with regard to the dimen-
sionality of the instrument is recommended. Ap-
proaches based on item response theory (IRT), such
as Rasch modeling, have certain advantages over clas-
sical test theory and can be used to more fully evalu-
ate validity evidence of an instrument’s underlying
structure, to identify items with poor fit to the rest of
the scale, and to identify items that perform incon-
sistently across groups. Another limitation of these
prior studies using the HHI is that they are based on
an assumption that the scores generated from the
HHI can be treated as interval measures. The conse-
quences of treating ordinal data as interval have been
previously described [23, 24], and specifically in rela-
tion to the use of factor analysis [25, 26]. As a Rasch
model is better modeled to use ordinal data for evalu-
ation of a scale’s psychometric properties [27], and as
it has not been used in any of the pervious validation
studies of the HHI, it was the methodological choice
for this study. Thus, the aim of this study was to as-
sess the HHI’s psychometric properties in a sample of
cancer patients from Norway using a Rasch modeling
approach.

Methods
Sample and settings
The patients and their family caregivers in this study
were recruited for participation in a randomized con-
trolled trial about pain management. Only baseline data
from the patients are included in this analysis. Details
about the recruitment procedure and the samples are
described in detail elsewhere [28]. Adult oncology outpa-
tients with pain from bone metastasis (n = 179) were in-
cluded from a university-based cancer center. All were
outpatients who were able to read, write, and understand
Norwegian. Because this study was about pain manage-
ment, all patients had an average pain intensity score of
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2.5 or greater on a 0–10 numeric rating scale and radio-
graphic evidence of bone metastasis. To ensure satisfac-
tory physical functioning, only patients with a Karnofsky
Performance Status (KPS) score of 50 or greater were
eligible. The Regional Committee for Medical and
Health Research Ethics approved the study. The protocol
was registered on ClinicalTrials.gov as NCT00760305.

Measures
Demographic and clinical data
Medical records were reviewed for disease and treatment
information, including cancer diagnosis, treatment and
radiographic evidence of bone metastasis. Patients com-
pleted a demographic questionnaire about age, gender,
living arrangements, education and employment status.
The nurse who recruited the patients also completed the
KPS [29] to evaluate each patient’s physical functioning.

Herth Hope index (HHI)
All patients completed the HHI after recruitment into
the study. The HHI measures various dimensions of
hope using a 4-point Likert scale that ranges from 1
(strongly disagree) to 4 (strongly agree) with items #3
and #6 reverse-coded. The scale has one global score
that ranges from 12 to 48, as well as single-item scores
that range from 1 to 4 [14]. A higher score denotes
higher levels of hope. In addition to the evidence of its
validity, its reliability has also been evaluated and found
to be satisfactory. Both internal consistency [6, 8, 14,
17–22] and test-retest correlations [14, 18, 21, 22] were
reported to be satisfactory in different samples. The
Cronbach’s alpha for the present study was 0.83.
HHI items #2 and #4 were reworded in 1999 to make

the meaning clearer [30]. In the original version, item #2
was “I have short, intermediate and/or long range goals”
and item #4 was “I can see a light in the tunnel”. Only
two studies that did a factor analysis of the HHI as
shown in Table 1 used the new version [21, 22].

Statistical analysis
SPSS version 22 was used to calculate descriptive statistics
and frequency distributions to summarize demographic
and clinical characteristics as well as HHI scores.
The application of the Rasch model in order to exam-

ine aspects of the HHI’s validity followed a previously
described process [31]. The WINSTEPS analysis soft-
ware program, version 3.69.1.16 [32, 33] was used to
conduct the Rasch analysis of the HHI. A Rasch rating
scale model was selected as all the items in the HHI are
scored on a similar scale.
The Rasch model converts the raw scores from the

HHI items simultaneously into item and person
equal-interval measures using a logarithmic transform-
ation of the odds probabilities of responses. This

computation has been described elsewhere [34]. The
converted item calibration measures are then used to
evaluate whether items/statements from a scale measure
a similar unidimensional construct, viewed as crucial
validity aspects of scales in both classical and modern
test statistics [34–36]. In a similar manner, the estimated
person measures are used to evaluate person response
validity and the precision of the scale.
Initially, a differential item functioning (DIF) analysis

was performed in order to explore the stability of re-
sponse patterns of the HHI items in relation to a num-
ber of demographic variables, to support evaluation of
validity in relation to internal structure and potential un-
fairness in testing. It is crucial that a scale is not biased
in relation to demographic characteristics, as it will
otherwise compromise the measures generated, question
the validity of the tool, and influence the interpretation
of findings. The magnitude of DIF was evaluated using
the Mantel-Haenszel statistic for polytomous scales
using log-odds estimators [37, 38] in the WINSTEPS
program, and DIF with p < .01 was considered
significant.
The psychometric properties of the HHI rating scale

categories were then evaluated with the following criteria:
a) a minimum of 10 responses per step category, b) the
average measures for each step category should advance
monotonically, and c) outfit mean square (MnSq) values
less than 2.0 for step category calibrations [39].
Evidence of internal scale validity was then investigated

by monitoring the item goodness-of-fit statistics. The WIN-
STEPS program generates mean square (MnSq) residuals
and standardized z-values for each of the twelve HHI items.
The goodness-of-fit statistics indicate the degree of match
between actual responses on the items and expected re-
sponses from the Rasch model. Goodness-of-fit was evalu-
ated focusing on infit statistics, as they are more
informative when exploring item fit [27]+ wright 1982. The
MnSq fit statistic is preferable for item goodness-of-fit with
polytomous data as it is less sensitive to sample size [40].
We chose to use a sample-size adjusted criterion [40] for
item goodness-of-fit set for infit MnSq values between 0.7
and 1.3 logit.
|To detect any additional explanatory dimensions in

the data, a principal component analysis (PCA) of the
residuals was also performed to evaluate the possibility
of multidimensionality [41]. The criterion for unidimen-
sionality was set that at least 50% of the total variance
should be explained by the first latent variable [42, 43].
Evidence of person response validity was then eval-

uated by monitoring the person goodness-of-fit statis-
tics. The criterion for evaluating person
goodness-of-fit was to reject infit MnSq values > 1.4
logit associated with a z value > 2 [44, 45]. We also
accepted that, by chance, 5% of the sample may fail
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to demonstrate acceptable goodness-of-fit without a
serious threat to validity [45, 46]. We also evaluated
the proportion of maximum and minimum scores in
the HHI, as this is an indication of ceiling and floor
effects, which will also compromise evidence of valid-
ity and reliability. We accepted that up to 10% of the
sample could demonstrate minimum or maximum
scores without a major threat to targeting validity.
Lastly, in order to monitor the precision of the esti-

mated measures, the person separation index was cal-
culated [47]. The separation index reflects the
number of statistically different performance strata
that the test can identify in the sample, considering
the range and precision of the individual person esti-
mates. An index above 1.5 was required to ensure
that the HHI could differentiate people with at least
two different levels of hope. For the purpose of com-
parison to more traditional reliability estimates, the
Rasch-equivalent Cronbach’s alpha statistic was also
reported (person reliability) [47].

Results
Sample
A total of 179 patients with pain from bone metastasis
were recruited from a university based cancer center
and completed the baseline questionnaires including the
HHI. Of these, 12 had missing data on the HHI and
were excluded from the analysis. The sample’s (n = 167)
demographic characteristics are summarized in Table 2.
Half of the sample (51.4%) was male, and the mean age
was 65.5 years. Nearly 40% of the total sample had uni-
versity or college education, and 20% were living alone.
The majority of the patients had breast or prostate can-
cer, and about a third received chemotherapy or radi-
ation therapy.

Rasch analyses
Table 3 shows the mean scores for each individual item
for showing the average level of hope in this sample. DIF
analyses revealed that three items in the HHI were not
functioning in a similar manner in relation to the demo-
graphic variables (See Table 4). Item #6 (I feel scared
about my future*) demonstrated significant DIF (p < .01)
in relation to gender (relatively easier to agree with for
women as compared to men). Item #3 (Feel all alone)
demonstrated significant DIF (p < .01) in relation to co-
habitation (relatively easier to agree with for participants
living alone as compared to participants living with
someone). Items #5 (Faith that comforts) and #6 (Scared
about the future) also demonstrated significant DIF (p
< .01) in relation to age (item #5 was relatively easier to
agree with for older participants [65 years or older] as
compared to younger participants while item #6 was

relatively easier to agree with for younger participants as
compared to older participants).
When evaluating the categorical responses from the

HHI items, all set criteria were met. However, the item
goodness-of-fit statistics revealed that items #3 and #5
did not meet the criterion set for item goodness-of-fit
(see Table 4). By removing both these items, the next it-
eration revealed that items #4 and #6 also did not meet
the criterion for fit and were subsequently removed. In

Table 2 Demographic characteristics of the sample (n = 167)

Characteristics

Age (years) Mean (SD) 65.3 (12.00)

% (n)

Gender

Male 52.1 (87)

Female 47.9 (80)

Education

Primary school 14.5 (24)

Secondary school 45.8 (76)

University/college < 4 years 19.3 (32)

University/college ≥4 years 20.5 (34)

Marital status

Married/partnered 76.4 (126)

Divorced/separated 8.5 (14)

Unmarried 8.5 (14)

Widowed 6.7 (11)

Living alone

Yes 19.9 (33)

No 80.1 (133)

SD standard deviation

Table 3 Mean item scores on the Herth Hope Index (n = 167)

Individual items Mean (SD)

1. Positive outlook on life 3.18 (0.58)

2. Presence of goalsa 3.05 (0.54)

3. Feel all alone 3.54 (0.68)

4. See possibilities in the midst of difficultiesa 2.90 (0.74)

5. Faith that comforts 2.43 (1.05)

6. Scared about the future 2.41 (0.79)

7. Recall happy/joyful times 3.51 (0.58)

8. Deep inner strength 3.29 (0.54)

9. Give and receive caring/love 3.41 (0.53)

10. A sense of direction 3.11 (0.62)

11. Each day has potential 3.28 (0.56)

12. Life has value and worth 3.37 (0.56)
aItems 2 and 4 are reworded (original version of item 2 = I have short,
intermediate and/or long range goals, original version of item 4 = I can see a
light in the tunnel)
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the third iteration, item #7 did not demonstrate accept-
able goodness-of-fit to the model and was removed.
After the third iteration and the removal of items #3
through #7 (n = 5), the remaining seven items on the
HHI demonstrated acceptable item fit.
The principal components analyses revealed that the

first component explained 52.6% of the total variance in
the HHI measures (n = 7), which exceeded the criterion
of at least 50%.
When evaluating person response validity, 9 of the 167

participants (5.0%) did not demonstrate acceptable
goodness-of-fit to the Rasch model in the HHI mea-
sures, which met our set criterion of up to 5%. None of
the participants had a minimum score (floor effect), and
while 15 had a maximum score (ceiling effect), this pro-
portion was less than the set criterion of less than 10%.
The person-separation index for the original HHI scale

(n = 12) was 1.84, indicating that the HHI is able to separate
the participants into at least two distinct strata of hope.
The Rasch-equivalent Cronbach’s alpha coefficient for the
original HHI scale was 0.77. After deletion of the five HHI
items (42%) that demonstrated misfit and/or DIF, the separ-
ation index decreased only marginally from 1.84 to 1.72.
Thus, we concluded that the reduction of the HHI scale to
improve unidimensionality had only a marginal effect on its
ability to separate the generated person measures.
As the review of literature on the HHI did not indicate

any consistent findings in relation to subdomains of hope
across countries or demographics, we decided to explore
whether the five items that were deleted from the original

12-item HHI scale demonstrated similar response pat-
terns, indicating a secondary dimension within these
items. We therefore combined these five items into a new
scale (subdomain) of the HHI. As presented in Table 4,
the findings in this 5-item scale were relatively similar to
the 7-item scale, except for the unacceptably low separ-
ation index. This unidimensional 5-item scale did not sep-
arate the sample into any detectable subgroups, which
indicates that these generated scale measures are not reli-
able to use as individual outcomes.
As a final evaluation of the HHI scale, we also evalu-

ated the three suggested subscales in relation to the
same aspects and criteria as the total scales. The findings
were relatively similar across the subscales and in com-
parison to the HHI total scale; items #3 and #6 also
demonstrated misfit in the subscales. The three sub-
scales also demonstrated even lower levels of separation,
indicating that the subscales do not separate the sample
into detectable subgroups.
Figure 1 displays the 7-item version of the HHI with

each item-category threshold placed along the continuum.
Each item-category is positioned where there is a 50/50
probability of marking each of the two categories.

Discussion
Our study showed that a 7-item version of the HHI, after de-
leting items #3 through #7, satisfied our criteria for a unidi-
mesional scale and demonstrated evidence of internal scale
validity, unidimensionality and person-response validity as
well as satisfactory person-separation and person reliability

Table 4 Evaluation of psychometric properties of the HHI total scale, reduced scale and deleted items (N = 167)

Step Original HHI Scale Reduced HHI Scale Deleted items

(12 items) (7 items) (5 items)

(N = 167) (N = 167) (N = 167)

Differential item functioning (DIF): Are item difficulty calibrations
stable in relation to key demographic variables?

Gender. Item #6
Cohabitation: Item #3
Age: Items #5 and #6

None Gender. Item #6
Cohabitation: Item #3
Age: Items #5 and #6

Rating scale functioning: Does the rating scale function consistently
across items?

Acceptable Acceptable Acceptable

Internal scale validity:
Item misfit: How well do the actual item responses match the
expected responses from the Rasch model?

Items #3 to #7 None None

Unidimensionality (i.e., does the scale measure a single construct?):
Variance explained by 1st dimension %:

48.3% 52.6% 52.7%

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

21 (12.4%) 9 (5.3%) 8 (4.7%)

Person misfit, n (%) 4 (2.4%) 15 (8.9%) 8 (4.7%)

Maximum score, n (%) None None None

Minimum score, n (%)

Person-separation reliability: Can the scale distinguish ≥3 distinct
groups of depression in the sample tested?
Person-separation index (without extremes)

1.84 1.72 0.82

Person reliability: Cronbach’s alpha equivalent 0.77 0.75 0.40
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(Table 4). Furthermore, none of the 7 remaining items dem-
onstrated DIFs in relation to gender, age, or cohabitation. In
addition, the two negatively worded items (#3 and #6) did
not fit the same construct as the 7 HHI items retained after
the Rasch analyses. These findings are consistent with other
empirical studies using reverse-coded items. Although the
use of reversed items has some support in the literature in
the development of tests and surveys, and methodological
approaches can be applied to deal with some of these issues,
the empirical support for such reversed items to contribute
to a unidimensional construct is still lacking [48]. The find-
ings from this study therefore supports the approach of not
mixing negative and positive items in a scale, as it does not
seem to contribute to measurement of a unidimensional
construct, at least when applied to the construct of hope.

The item about faith (#5) also failed to demonstrate
acceptable fit with the unidimensional construct, indicat-
ing more variations in scores on this item than expected
in the Rasch model. The role of faith and its relationship
to hope likely varies depending on the sample included.
In a European survey, it was shown that only 22% of
Norwegian citizens responded that “they believe there is
a God” [49] compared to 94% in Turkey and Malta. This
large variation in faith between countries is a challenge,
but it can also be a challenge within a given country, as
demonstrated in this study. Faith is also usually defined
as a part of hope [14, 15, 50]. The findings from this
study indicate that the presence of a faith that comforts
(higher scores on item #5) is not associated with higher
scores on the other HHI items; people may not experience

Fig. 1 The 7-item version of HHI with each item-category threshold displayed (50/50) in a sample of Norwegian cancer patients (n = 179). Each
“#” represents five participants
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a faith that comforts but can still have hope, and vice
versa.
To control for the possibility of cultural differences, it

is also worth comparing our findings to those of other
studies performed within Norway. A two-factor solution
was found both in the Norwegian general population [8]
and in cognitively intact Norwegian nursing home pa-
tients [19]. However, the items comprising the different
factors are different. Haugen et al. [19] dismissed item
#6 (scared about the future) as it was not significant in
any models, and showed low reliability. Sweden is cul-
turally linked to Norway, and they also found a
two-factor solution [17], but one factor consisted of item
#4 and #5, and the rest in the other factor.
The items demonstrating DIF indicate interesting in-

formation about subgroup responses and are quite lo-
gical in relation to the subgroup characteristics. Even
though the observed patterns are logical, it is important
to also review such findings from a psychometric and
fairness perspective in test construction. As some items
are functioning differently for different subgroups, they
could theoretically systematically bias the scores/mea-
sures from the HHI. It can therefore be important to
take action on items demonstrating DIF, e.g., by using
split-item techniques. In the case of HHI, this was par-
tially solved by excluding items #3 and #6, which dem-
onstrated DIF and did not fit the underlying construct,
as indicated by higher than acceptable goodness-of-fit
statistics. The relationship between item misfit and item
DIF is indicated in this study, but is not exclusive; see
Schulze et al. [51] for somewhat different findings.
The findings from our study do contribute to the diversity

of earlier empirical findings of the construct of hope [6, 8,
14, 17, 19–22]. As this was the first time a modern test the-
ory approach (Rasch model) was used, the various findings
across validation studies of domains of hope seem to be in-
fluenced by several factors, including methodological choices
(classical test theory/factor analysis vs. modern test theory/
item response theory). As both analytical models impose
assumptions that may more or less fit with empirical data
[25, 26], the interpretations of findings across studies are
complex. One challenge in reducing the HHI scale into a
unidimensional construct is that it no longer aligns with the
underlying definition of hope [15], or with the basis for the
original HHI scale described by the developer [14]. On the
other hand, the factor structure varies considerably across
empirical studies, in terms of both the number of factors
and the items comprising the different factors. The findings
from this study further contributes to this diversity. However,
the construction of a scale/measure based on a more theor-
etical or content validity perspective does not always corres-
pond to validity evidence of internal structure from a more
measurement perspective [51]. This discrepancy between
theory and empiricism in highly relevant concepts for health

care is a challenge for clinical research and has not been
completely resolved in this study in relation to measuring
the concept of hope.

Methodological limitations
This study has several limitations that need to be consid-
ered when reviewing and generalizing the findings. The
sample in the present study comprises patients from only
one outpatient clinic and all patients had pain from skeletal
metastasis. They also all agreed to participate in a random-
ized controlled trial about pain management, but the data
presented here are only from baseline evaluations before
the intervention was initiated. We therefore must be cau-
tious about the generalization of our findings to other can-
cer outpatients. Other Rasch models applied (e.g., a partial
credit model) would have imposed fewer assumptions on
the data structure, although empirical studies suggest that
the choice of a Rasch partial credit model or rating scale
model has little impact on the validity findings [52]. Add-
itional validity aspects (e.g., local independence among
items; rating scale threshold disordering) should also be
considered before making final conclusions of the validity
evidence of a given test. There are also other models within
modern test theory that could have been used to explore
the data further. However, given our review of prior studies,
and now also including the findings from this study, the
choice of methodological analysis does seem to influence
the results of a validity study, and must therefore always be
included in the interpretation of empirical findings. The in-
tegration of theoretical ideas about a construct, methodo-
logical choices/assumptions in our data analysis, and
empirical findings from diverse populations/groups, is a
complex and critical process that needs to be monitored
and discussed consistently in order to support quality con-
trol on instrument development.

Conclusion
A reduced 7-item HHI scale from the present sample dem-
onstrates better psychometric properties (unidimensional-
ity) and a similar level of precision as the original 12-item
HHI scale when used with patients with cancer-related
pain. None of the original subscales were able to separate
the sample into subgroups. However, the identified factor
structure has varied across studies. Further empirical re-
search is needed about the dimensionalities potentially em-
bedded in the concept of hope and also to identify
differences in hope profiles across items, influenced by pa-
tient and/or cultural characteristics. Hope is reported to be
an important phenomenon for different patient groups, and
measuring hope in the most vulnerable patients is particu-
larly critical. A shorter summative scale that still demon-
strates evidence of validity and precision will be easier and
less burdensome to use as a screening instrument in clinical
practice.

Rustøen et al. Health and Quality of Life Outcomes  (2018) 16:196 Page 8 of 10



Abbreviations
DIF: Differential item functioning; HHI: Herth hope index; HHS: Herth Hope
Scale; KPS: Karnofsky Performance Status; MnSq: Mean square; PCA: Principal
component analysis; US: United States of America

Acknowledgements
We have to thank Eva Kolstad for assisting in data collection.

Funding
The study was partly funded by The Research Council of Norway and Oslo
and Akershus. University College.

Availability of data and materials
The datasets used and/or analyzed during the current study are available
from the.
corresponding author on reasonable request.

Authors’ contributions
TR has designed the study and been involved in all the phases in analyzing
the data and writing the manuscript. AK, AL and CG has been involved in
discussing the research questions, analyzing the data and writing the
manuscript. All authors read and approved the final manuscript.

Ethics approval and consent to participate
All patients gave their written consent to participate. The Regional Committee
for Medical and Health Research Ethics approved the study (S-04231). The
Protocol ID is 158,707/V10, and it was registered on ClinicalTrials.gov as
NCT00760305.

Consent for publication
Not applicable.

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

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Department of Nursing Science, Institute of Health and Society, Faculty of
Medicine, University of Oslo, Oslo, Norway. 2Department of Research and
Development, Division of Emergencies and Critical Care, Oslo University
Hospital, 0424 Oslo, Norway. 3Department for Patient Safety and Research,
Lovisenberg Diakonale Hospital, Oslo, Norway. 4Department of Family Health
Care Nursing, School of Nursing, University of California, San Francisco, CA,
USA. 5Faculty of Health and Society, Malmö University, Malmö, Sweden.

Received: 2 June 2017 Accepted: 21 September 2018

References
1. Rustøen T, Howie J, Eidsmo I, Moum T. Hope in patients hospitalized with

heart failure. Am J Crit Care. 2005;14:417–25.
2. Benzein E, Norberg A, Saveman BI. The meaning of the lived experience of

hope in patients with cancer in palliative home care. Palliat Med. 2001;15:
117–26.

3. Bjørnnes AK, Parry M, Lie I, Falk R, Leegaard M, Rustoen T. The association
between hope, marital status, depression and persistent pain in men and
women following cardiac surgery. BMC Womens Health. 2018;18:2.

4. Geiser F, Zajackowski K, Conrad R, Imbierowicz K, Wegener I, Herth KA, et al.
The German version of the Herth Hope index (HHI-D): development and
psychometric properties. Oncol Res Treat. 2015;38:356–60.

5. Ghazavi Z, Khaledi-Sardashti F, Kajbaf MB, Esmaielzadeh M. Effect of
hope therapy on the hope of diabetic patients. Iran J Nurs Midwifery
Res. 2015;20:75–80.

6. Hunsaker AE, Terhorst L, Gentry A, Lingler JH. Measuring hope among
families impacted by cognitive impairment. Dementia (London). 2016;15:
596–608.

7. Kim SY, Kim JM, Kim SW, Kang HJ, Shin IS, Shim HJ, et al. Determinants of a
hopeful attitude among family caregivers in a palliative care setting. Gen
Hosp Psychiatry. 2014;36:165–71.

8. Wahl AK, Rustoen T, Lerdal A, Hanestad BR, Knudsen O Jr, Moum T. The
Norwegian version of the Herth Hope index (HHI-N): a psychometric study.
Palliat Support Care. 2004;2:255–63.

9. Vrbova K, Prasko J, Ociskova M, Kamaradova D, Marackova M, Holubova M,
et al. Quality of life, self-stigma, and hope in schizophrenia spectrum
disorders: a cross-sectional study. Neuropsychiatr Dis Treat. 2017;13:567–76.

10. Rustøen T. Hope and quality of life, two central issues for cancer patients: a
theoretical analysis. Cancer Nurs. 1995;18:355–61.

11. Rustøen T, Cooper BA, Miaskowski C. The importance of hope as a mediator
of psychological distress and life satisfaction in a community sample of
cancer patients. Cancer Nurs. 2010;33:258–67.

12. Wonghongkul T, Moore SM, Musil C, Schneider S, Deimling G. The influence
of uncertainty in illness, stress appraisal, and hope on coping in survivors of
breast cancer. Cancer Nurs. 2000;23:422–9.

13. Folkman S. Stress, coping, and hope. Psychooncology. 2010;19(9):901–8.
14. Herth K. Abbreviated instrument to measure hope: development and

psychometric evaluation. J Adv Nurs. 1992;17:1251–9.
15. Dufault K, Martocchio BC. Symposium on compassionate care and the

dying experience. Hope: its spheres and dimensions. Nurs Clin North Am.
1985;20:379–91.

16. Herth K. Development and refinement of an instrument to measure hope.
Sch Inq Nurs Pract. 1991;5:39–51.

17. Benzein E, Berg A. The Swedish version of Herth Hope index--an instrument
for palliative care. Scand J Caring Sci. 2003;17:409–15.

18. Chan KS, Li HC, Chan SW, Lopez V. Herth hope index: psychometric testing
of the Chinese version. J Adv Nurs. 2012;68:2079–85.

19. Haugan G, Utvaer BK, Moksnes UK. The Herth Hope index - a psychometric
study among cognitively intact nursing home patients. J Nurs Meas. 2013;
21:378–400.

20. Phillips-Salimi CR, Haase JE, Kintner EK, Monahan PO, Azzouz F.
Psychometric properties of the Herth Hope index in adolescents and young
adults with cancer. J Nurs Meas. 2007;15:3–23.

21. Ripamonti CI, Buonaccorso L, Maruelli A, Bandieri E, Boldini S, Pessi MA,
et al. Hope Herth index (HHI): a validation study in Italian patients with solid
and hematological malignancies on active cancer treatment. Tumori. 2012;
98:385–92.

22. Van Gestel-Timmermans H, Van Den Bogaard J, Brouwers E, Herth K, Van
Nieuwenhuizen C. Hope as a determinant of mental health recovery: a
psychometric evaluation of the Herth Hope index-Dutch version. Scand J
Caring Sci. 2010;24(Suppl 1):67–74.

23. Merbitz C, Morris J, Grip JC. Ordinal scales and foundations of misinference.
Arch Phys Med Rehabil. 1989;70:308–12.

24. Wright BD, Linacre JM. Observations are always ordinal; measurements,
however, must be interval. Arch Phys Med Rehabil. 1989;70:857–60.

25. Schumacker RE, Linacre JM. Factor analysis and Rasch analysis. Rasch Meas
Trans. 1996;9:470.

26. SHIKEN. Jalt: Testing and evaluation SIG Newsletter; 2011. p. 15–7.
27. Bond TG, Fox CM. Applying the Rasch model : fundamental measurement

in the human sciences. 2nd ed. New York: Routledge; 2012. p. 340.
28. Rustøen T, Valeberg BT, Kolstad E, Wist E, Paul S, Miaskowski C. The PRO-

SELF((c)) pain control program improves patients’ knowledge of cancer pain
management. J Pain Symptom Manag. 2012;44:321–30.

29. Karnofsky D, Burchenal J. The clinical evaluation of chemotherapeutic
agents in cancer. In: CM M, editor. Evaluation of chemotherapeutic agents.
New York: Columbia University Press; 1949. p. 199–205.

30. Herth Hope Index [Internet]. 1999. Available from: http://www.
dvevidenceproject.org/wp-content/uploads/Hope-Index1.pdf.
[cited 1 Dec 2016]

31. Lerdal A, Kottorp A, Gay C, Aouizerat BE, Lee KA, Miaskowski C. A Rasch
analysis of assessments of morning and evening fatigue in oncology
patients using the lee fatigue scale. J Pain Symptom Manag. 2016;51:
1002–12.

32. Linacre J. Two perspectives on the application of Rasch models. Eur J Phys
Rehabil Med. 2010;46:309–10.

33. Linacre JM. Predicting responses from Rasch measures. J Applied Meas.
2010;11:1–10.

34. Bond T, Fox CM. Applying the Rasch model: fundamental measurement in
the human sciences. 3rd ed. New York: Routledge; 2015.

Rustøen et al. Health and Quality of Life Outcomes  (2018) 16:196 Page 9 of 10

http://www.dvevidenceproject.org/wp-content/uploads/Hope-Index1.pdf
http://www.dvevidenceproject.org/wp-content/uploads/Hope-Index1.pdf


35. Spector PE. Summated rating scale construction: an introduction. Beverly
Hills and London: Sage Publications; 1992.

36. American Educational Research Association, American Psychological
Association, National Council on measurement in education, joint
committee on standards for educational and psychological testing (U.S.).
Standards for educational and psychological testing. Washington, D.C.:
American Educational Research Association; 2014. p. 230.

37. Mantel N, Haenszel W. Statistical aspects of the analysis of data from
retrospective studies of disease. J Natl Cancer Inst. 1959;22:719–48.

38. Mantel N. Chi-Square tests with one degree of freedom; extensions of the
mantel- Haenszel procedure. J Am Stat Assoc. 1963;58:690–700.

39. Linacre JM. Optimizing rating scale category effectiveness. In: Smith EV,
Smith RM, editors. Introduction to Rasch Measurement: Theory, models and
applications. Maple Grove: JAM Press Publisher; 2004. p. 258–78.

40. 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;8:33.

41. Linacre JM. A User’s Guide to WINSTEPS MINISTEP Rasch model computer
programs: Program manual 3.73.0. 2011. [Available from: http://ifile.hkedcity.
net/1/001/950/public/Secondary/EI0020070012/winsteps.pdf.

42. Lerdal A, Kottorp A, Gay C, Aouizerat BE, Portillo CJ, Lee KA. A 7-item
version of the fatigue severity scale has better psychometric properties
among HIV-infected adults: an application of a Rasch model. Qual Life Res.
2011;20:1447–56.

43. Lerdal A, Kottorp A, Gay CL, Lee KA. Lee fatigue and energy scales:
exploring aspects of validity in a sample of women with HIV using an
application of a Rasch model. Psychiatry Res. 2013;205:241–6.

44. Nilsson I, Fisher AG. Evaluating leisure activities in the oldest old. ScandJ
Occup Ther. 2006;13:31–7.

45. Patomella AH, Tham K, Kottorp A. P-drive: assessment of driving
performance after stroke. J RehabilMed. 2006;38:273–9.

46. Kottorp A, Bernspang B, Fisher AG. Validity of a performance assessment of
activities of daily living for people with developmental disabilities. J
IntellectDisabilRes. 2003;47:597–605.

47. Fisher WJ. Reliability, separation, strata statistics. Rasch Meas Trans. 1992;6:238.
48. Schriesheim CA, Hill KD. Controlling acquiescence response bias by item

reversals: the effect on questionnaire validity. Educ Psychol Meas. 1981;41:14.
49. European Commission. Biotechnology report 2010; 2016. p. 383. Available

from: ebs_341_en.pdf. [cited 2016]
50. Rustøen T, Moum T. Reliability and validity of the Norwegian version of the

Nowotny Hope scale. A nursing tool for measuring hope in cancer patients.
Scand J Caring Sci. 1997;11:33–41.

51. Schulze C, Page J, Lilja M, Kottorp A. Cross-cultural validity of the German
version of the pediatric evaluation of disability inventory (PEDI-G)-a Rasch
model application. Child Care Health Dev. 2017;43:48–58.

52. Kottorp A, Petersson I. Psychometric evaluation of an assessment of
awareness using two different Rasch models. Scand J Occup Ther. 2011;18:
219–30.

Rustøen et al. Health and Quality of Life Outcomes  (2018) 16:196 Page 10 of 10

http://ifile.hkedcity.net/1/001/950/public/Secondary/EI0020070012/winsteps.pdf
http://ifile.hkedcity.net/1/001/950/public/Secondary/EI0020070012/winsteps.pdf

	Abstract
	Background
	Results
	Conclusion
	Trial registration

	Background
	Methods
	Sample and settings
	Measures
	Demographic and clinical data
	Herth Hope index (HHI)

	Statistical analysis

	Results
	Sample
	Rasch analyses

	Discussion
	Methodological limitations

	Conclusion
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

