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Abstract
Background: The aim of the present study was to apply item response theory to measure the functional capacity index as an important measure of the
component of positive aspects of functionality among elderly people, contributing to the expansion of the use of this tool by creating shorter and more
precise scales for analysis of health situations. Methods: Cross-sectional
study was performed, and sample consisted of 41,269 elderlies aged 60 or
more from the 27 federal units that participated in the National Household
Sample Survey, in 2008, in Brazil. The generalized partial credit model was
used for the calibration of items. Results: The results of the analysis showed
that the functional capacity index was sufficiently unidimensional for item
response theory and, for greater reliability, the inclusion of more difficult
items for elderly Brazilians with better functional capacity would be required. Conclusions: Finally, the present study argues that the functional
capacity index can be used as a tool in the analysis and prioritization of health
situations.
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1. Introduction
Item response theory (IRT) comprises a collection of statistical models that define the relationship between a continuous latent variable and the characteristics of items to estimate the probability of endorsing an item at a certain scale
[1]. Therefore, the IRT requires and employs precise measurements of the items
used in modelling categorical dichotomous or polytomous data, whether nominal or ordinal, through the use of linear and nonlinear latent trait models [2] [3].
Item response theory models are seen as family members of factor analysis
and have important applicability in computer adaptive tests today, as they do
not focus only on the general scale level, but also in terms of items [1]. Thus,
IRT allows scales to be elaborated, revised and optimized for specific uses, employing patterns of responses in probabilistic terms. Item Response Theory is
also often designed to measure skills or abilities highlighting features that cannot
be observed directly [4].
To apply IRT, it is necessary to meet three epistemological assumptions, namely: the dimensionality of latent space, which is usually one-dimensional, i.e. a
single latent trait variable is sufficient to explain the common variance between the
answers to the items, determining how well IRT models of varying dimensionality
fit to the data [5]; stochastic local independence, where the responses are considered to be independent once the level of θ is fixed [6] [7]; and finally, another assumption entitled monotonicity, implies that the performance item is monotonically related to the capacity/ability of the individual. Performance test items inherently satisfy this assumption; therefore, monotonicity is implicitly assumed.
Item Response Theory is a breakthrough in the measurement processes, especially as it enables the existing dimensions in the evaluation of specific characteristics to be expressed in a single latent trait scale [4]. Therefore, IRT allows the
functional capacity index (FCI), the latent trait proposed in this study, to measure different elderly persons or the same individuals in various health conditions
and have their functional abilities compared through common items. Thus, IRT
enables the elderly to successfully perform the same number of activities of daily
living, but distinct activities with different functional capabilities are also estimated [8]. This is the most innovative feature of this approach, as its central
element is based on evaluating the activities and not only the test as a whole.
The aim of the present study was to apply IRT to measure the FCI as an important measure of the component of positive aspects of functionality among
elderly people, contributing to the expansion of the use of this tool by creating
shorter and more precise scales for analysis of health situations.

2. Methods
2.1. Study Design
An individual, observational and cross-sectional study was performed. The study
sample consisted of 41,269 elderly persons aged 60 or more from the 27 federal
units that participated in the National Household Sample Survey (PNAD 2008 Population) conducted in Brazil. The weights and the strata of the PNAD sampling
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plan were incorporated into the IRT modelling process, avoiding biased estimates
of population parameters and ensuring the representativeness of the sample. Because it is data without identification of survey participants and the public domain,
this study was exempted from submission to the Ethics Committee, in accordance
with the recommendations of the National Research Ethics Commission.

2.2. Measured Variables
The latent trait, FCI, consists of seven ordinal and polytomous items with four
response categories, which are treated as observable and dependent variables
(Table 1) and are based on theoretical models defined in other studies [9] [10].
The order of the items and the possible termination of the exercise after the first
question assumes that if the individual had difficulty or could not feed him or
herself, bathe or go to the bathroom, he or she could not perform the other tasks
[8]. On the other hand, the measure “walk about 100 meters” would only be
answered if the individual presented some difficulty in the item “walk more than

one kilometre”, representing a major activity limitation.
Despite the fact that the theoretical variation of the latent variable was −∞ to
+∞, considering practical limits θ was considered to vary from −5 to +5, where
negative vales near −5 indicated low trace levels, while positive values closer to
+5 represented the best functional capacity among the elderly.

2.3. Analytical Approach
Calibration IRT: The generalized partial credit model (GPCM) IRT [11] [12] was
used for the calibration of items (Annex). This estimates a discrimination parame-

ter (α i ) and a three step difficulty parameter (𝛽𝛽𝑖𝑖𝑖𝑖 ) for each item i, the latter being
composed of a “local” parameter

(γ i )

of the response category

( βi ) plus the value of the threshold parameter
k −1 (k =
1, 2, mi ) with the theoretical metric

equal to that of θ [13] [14] [15] [16]. The steps of difficulty indicate the point at
which the probabilities for the adjacent categories are equiprobable and where the
curves intersect. Given the syntax of this study, statistical analyses were conducted
using STATA 14.1. Confidence intervals were considered to be 95% (CI95).
Table 1 . Items related functional capacity index, Brazil, in 2008.
Item

Item description
(Usually, due to health problems, ...)

BATH

Do you have trouble feeding, bathing or going to the bathroom?

RUN

Do you have trouble running, lifting heavy
objects, play sports or perform heavy work?

PUSH

Do you have trouble pushing the table or perform home repairs?

CLIMBSTAIRS

Do you have trouble climbing slopes and stairs?

KNEEL

Do you have trouble stooping, kneeling or bowing?

WALK1KM

Do you have difficulty walking more than a kilometre?

WALK100M

Do you have difficulty walking 100 meters?

Note: The response categories are 0—cannot; 1—great difficulty; 2—little difficulty; and 3—no difficulty.
Source: National Household Sample Survey, 2008.
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3. Results
The sample was composed of 56% women and 44% men, with 72% reported
having experienced some kind of difficulty in performing one or more of the
tasks described in Table 1. The average age of the general sample was 69.9
(CI95: 69.8 - 70.0) years, and 69.5 (CI95: 69.4 - 69.7) for men and 70.3 (CI95:
70.1 - 70.4) for women. The relative frequencies of the item response categories
comprising the FCI are described in Table 2.

IRT Calibration
The estimated parameters and the standard errors of GPCM calibration are
listed in Table 3.
It was noted that all items showed good discrimination, considering a cut-off
number of one

(α i > 1)

[5]. For the model, the highest discrimination was 4.96

for the WALK100M item, while the lowest discrimination was 2.58 for the RUN
Table 2 . Relative frequencies of response categories for the seven items of functional capacity index (n = 41,269).
Item

Response category (%)*
Cannot

Great difficulty

Little difficulty

No difficulty

BATH

2.14

4.74

8.33

84.80

RUN

21.27

23.09

21.19

34.45

PUSH

12.58

12.78

21.79

52.85

CLIMBSTAIRS

12.49

18.95

23.23

45.33

KNEEL

11.54

18.61

24.12

45.74

WALK1KM

13.54

15.08

17.85

53.54

WALK100M

8.19

5.49

14.05

72.27

Note: Projection of the elderly (60+ years old): N = 21,030,606. Source: National Household Sample Survey,
2008.

Table 3. Estimates of the parameters of the generalized partial credit model for the functional capacity index (n = 41,269).
Item

α i (SE)

βi

γ i1 (SE)

γ i 2 (SE)

γ i 3 (SE)

BATH

2.96 (0.061)

−1.70

−2.36 (0.025)

−1.53 (0.016)

−1.21 (0.017)

RUN

2.58 (0.048)

−0.24

−0.76 (0.014)

−0.18 (0.011)

0.22 (0.011)

PUSH

3.34 (0.064)

−0.65

−1.05 (0.013)

−0.67 (0.010)

−0.22 (0.010)

CLIMBSTAIRS

4.85 (0.099)

−0.52

−1.08 (0.012)

−0.49 (0.008)

0.00 (0.007)

KNEEL

3.49 (0.061)

−0.58

−1.19 (0.012)

−0.52 (0.009)

−0.04 (0.008)

WALK1KM

4.48 (0.085)

−0.58

−1.01 (0.011)

−0.53 (0.008)

−0.22 (0.008)

WALK100M

4.96 (0.108)

−0.99

−1.34 (0.013)

−1.01 (0.011)

−0.62 (0.009)

αi discrimination parameter; βi “local” parameter; γi, threshold parameter; SE, standard error. Note: Projection of the elderly (60+ years old): N = 21,030,606. Source: National Household Sample Survey, 2008.
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item, with items with higher discrimination rates providing more information to
the preconized construct. There were also threshold parameters indicating “local”, in which each response category to the item falls into the latent scale with a
general amplitude between −2.36 (BATH) and 0.22 (RUN). Therefore, the item
response categories were only endorsed by the elderly people who had the lowest
levels of functional capacity (θ < 0 ) , implying that the number of items is more

useful in discriminating between individuals at the starting end of the continuous latent. Thus, it is likely that the construct cannot measure very high levels of
functional capacity among the elderly.
When observing the local values, which are the average of the threshold parameters for each item, the item with the least functional activity was BATH
(easier to perform) and the indicative item with the greatest functional capacity
was RUN (more difficult to perform). Thus, an elderly person who could not
feed, bathe or go to the bathroom clearly presented a highly unfavourable FCI as
it is a very basic activity of daily life of an individual.
The contents of Table 3 can easily be interpreted by observing the category
characteristic curves (CCC) for each of the items shown in Figure 1. These
CCCs vary according to the discrimination parameter between items and according to the difficulty of each of the step parameters between the categories of
the same item. The CCCs model the relationship between the probability of an
elderly person endorsing a response category and the level θ construct measured
by the scale.
The shapes of the CCCs are not consistent across the response categories:
Category 0 is monotonically decreasing, category 3 is monotonically increasing,
and categories 1 and 2 are unimodal. In Figure 1, for the RUN item the dis-

( a2 = 2.58) , while for the CLIMBSTAIRS item the
discrimination is more pronounced ( a4 = 4.8 ) . In addition, the CLIMBSTAIRS
crimination is relatively low

item demonstrates relatively lower levels of functional capacity than the RUN
item.
The item information functions (IIF) of the construct are shown in Figure
2(a) and show how difficulty variations affect measurement accuracy by latent
continuous traits. The most reliable items measure the latent trait around the
most accurately estimated difficulty parameter.
The WALK100M item has the highest slope, and therefore provides the
maximum information among the seven items of the construct. However, if the
level of the variable is low (θ > 0 ) , the WALK100M item provides little infor-

mation and, in return, the CLIMBSTAIRS item and, at the higher end of θ, the
RUN item, are more informative.
The test information function (TIF) can be obtained by summing all the IIF.
Thus, the more items that are added to the test, the greater the amount of information. So it can be said that having more information means to estimate a parameter with more precision and know more about the value of this parameter,
in comparison if it had been estimated less precisely. Figure 2(b) shows the fit
and the standard errors. The TIF provides the maximum information for the
OALib Journal
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Figure 1. Category characteristic curves for polytomous items of functional capacity index.

elderly located near θ = −0.67

(θ < 0 ) .

But only the θ values between −1.86

and 0.44 are estimated with an acceptable standard error level, i.e. below 0.3. The
IRT standard error is greater at the extremes because the scale is infinite. The
standard deviation gives the accuracy of estimating θ. For Bayesian scores, reliability can be given by: 1 − (error variance)/(observed variance + error variance),
with the mean square error used for the error variance [14]. In this study, the
average reliability was 0.8.
The characteristic curves for each item can be added to the test characteristic
OALib Journal
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(a)

(b)

(c)

Figure 2. Graphical representation of functional capacity index according to generalized
partial credit model: item information functions; test information function; and test
characteristic curve.

curve (TCC) (Figure 2(c)), showing the correspondence between the FCI and
the total scores. The results estimate that an elderly person with θ = +1.96 features a summed IRT score of 21, or in other words where there is complete functional capacity. The discriminatory power of the scale is concentrated where the
curves of the summed scores rise suddenly

( −1.96σ < θ < 0.5σ ) . To transform

θ scores for the summed score scale, θ scores can be multiplied by the standard
deviation of the summed scores and then added to its mean.

4. Discussion
The main aim of this study was to disclose the use of IRT as a tool for creating
shorter and more precise scales for measuring the limitations related to activities
of daily living among the elderly, considering that some items behave differentially. Furthermore, the need to measure “unobservable” characteristics makes
IRT a promising concept in terms of the clinical and epidemiological aspects of
health. Increased experience among health service researchers should lead to
better implementation and deployment of this method in the health field, with
improved collective application of the methodology [17]. But it is necessary to
reconsider and strengthen educational investment in the methodology and statistics of scale development, with an active role for both methodological reOALib Journal
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searchers and experts [18], considering the increasing availability of statistical
packages with specific IRT analysis features.
The results of the present study showed that it is possible to use a robust latent
trait-based scale and not only a systematically combined score approach to assess functional capacity [19] [20] [21] [22]. In this respect, the primary advantage of IRT compared to other techniques is the ability to assign different
weights to groups of related items and classify elderly persons within the latent
scale of functional capacity, considering the difficulties experienced with each
activity related to the item and the inherent ability of individuals to perform
such tasks. Thus, the estimated levels of FCI consider the different contributions
of each item to the latent trait scale.
Regarded as a measure of the positive aspects of the functionality component
[23], the FCI is a more understandable interface of the complexity of reality and
can be used for health situation analysis for the purposes of developing public
policy relating to the elderly. However, it is important to consider that the FCI is
composed of indicators that add together various activities with different difficulties (feeding and bathing, for example) and, therefore, compromises not only
the theoretical characterization of dimensionality but also the parameters related
to IRT [8]. In this respect, it is essential that surveys allow items to be organized
with descriptions of the separate tasks, allowing their respective strands to be
assessed at a later stage. These possible areas could be applied to multidimensional models for the formation of a more robust index that reflects various
characteristics of functionality among the elderly.
In addition, when the underlying assumptions were tested, the IRT model fit
the observed data, and the evaluation of the performance level of each item, with
respect to the response options and the item trunk, helped in the selection and
writing of items to optimize future measures of physical functioning [24] [25].
The unidimensional model of functional capacity can be extended by inserting
new items to measure a unique feature of functionality, or new dimensions can
be added. Support for the unidimensionality of the FCI items is consistent with
previous studies [24].
The IRT approach has a significant advantage over conventional approaches
as the results obtained using different instruments are in the same scale [26].
Thus, the IRT framework allows different scales using various items related to
activities of daily living to be compared without the need to change the scale. On
the other hand, transformation of scales is frequently necessary to solve invariance problems when comparing different instruments using classical test theory,
but with major bias, as often the instruments are not comparable and doubt may
be cast on any comparison trial. It should be borne in mind that the origin of the
scale is arbitrary for each data group, and that it is necessary to conduct match
score tests to demonstrate comparability between groups or measures over time.
Another important point with IRT is that there is an assumption that scores
are normally distributed. Thus, θ scores do not necessarily translate to percentile
scores [14] in normal distribution and, therefore, caution is required when setOALib Journal
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ting breakpoints in measurements of functional capacity based on this process.
Moreover, it is possible that IRT scales do not meet the assumptions of normality for linear multilevel regression models, and therefore should be transformed
into scales with ordered categories and be analysed by specific and sufficiently
robust models [19].
In the present study, greater reliability of the FCI could be achieved with the
inclusion of more difficult items for individuals with greater functional capacity.
Previous studies using IRT to generate physical functionality scales achieved satisfactory coverage of higher levels of physical functioning [24].

Final Considerations
In closing, the present study argues that the FCI can be used as a tool in the
analysis and prioritization of health situations. While this is a brief approach to
IRT and the model is simple enough, we believe in its potential within the context of health measurement processes and encourage readers to explore this
(relatively) new methodology.
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Annex
Table A1. Explanation of steps to estimate the generalized partial credit model of item
response theory to the functional capacity index in elderly over 60 years of age, considering the weights and strata of the sampling plan of the National Household Sample Survey
(PNAD, 2008), in Brazil, through specific commands of the statistical package STATA
14.1.
Step Analysis

Declaration of the sample
design

IRT (Generalized Partial
Credit Model)*

Toolbar

Syntax

gen double county=UPA
gen double strata_aj=.
gen double psu_aj=.
Menu tools → Statistics →
replace strata_aj = UF*100000000 +
Survey data analysis → Setup
county if V4107 ≥ 1 & V4107 ≤ 2
and utilities → Declare survey
replace psu_aj=V0102*1000 if
design for dataset → Survey data
V4107 ≥ 1 & V4107 ≤ 2
settings (Number of stages: 1,
replace strata_aj = UF*100000000 +
Primary sampling units: psu_aj,
99*1000000 + V4602*10000 if
Strata: strata_aj, Sampling
V4107 == 3
weight variable: V4611, SE:
replace psu_aj = UF*1000000 +
Strata with a single sampling
V4602*10000 + county if
unit: Treat as
V4107==3
certainty units))]
svyset psu_aj [pw = V4611],
strata(strata_aj) vce(linearized)
singleunit(certainty) clear
Menu tools → Statistics →
Survey data analysis → IRT (item
response theory) → Model
svy: irt gpcm V1-V7
[(Ordered item models:
predict theta, latent
Generalized partial credit
model)/(Items: V1-V7)] → Fit
model

*Note: All parameters and related graphics in this study, as well as the operating differential analysis of the
items are available on the IRT module of STATA 14.1.
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