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21.23, SD =2.32). IRT based analysis provided satisfactory results on the psychometric properties of
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1. Introduction

In the modern psychology literature, psychopathology-oriented views and studies have been replaced with
the ones that focused mainly on positive aspects of human beings. This new branch is called positive
psychology, and the researchers' growing interest has reinforced its place in psychology (Masten, 2001).
Positive psychology focuses on strengths and is interested in developing these aspects that acts as a buffer
against psychopathological problems (Veenhoven, 1988). As positive psychology comes to the fore, life
satisfaction concepts have become more popular topics in psychology literature.

Life satisfaction is a determinative factor on individuals' mental health (Diener & Suh, 1997). Pavot and Diener
(1993) described life satisfaction as a critical process whereby individuals question the extent to which their
life cycle meets their expectations based on their subjective criteria. Life satisfaction of individuals is primarily
related to the level of well-being in the society, quality of health services and educational opportunities (Diener
& Seligman, 2004). Appleton and Song (2008) suggest that life satisfaction has six different components: (1)
income level of the person, (2) occupation and social status, (3) opportunities and social mobility, (4) welfare,
(5) existing state policies and, and (6) environment, family and social relations.

Life satisfaction is also closely related to subjective well-being and regarded as its cognitive component
(Dorahy et al., 2000). A higher level of life satisfaction has many positive effects on people. Individuals who
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have positive emotions and perceptions of their lives have more effective problem-solving skills and are more
resilient to stressful life events (Matheny et al., 2002). Additionally, life satisfaction is seen as a determinative
of life quality (Iwasa et al., 2006). In general, individuals with higher life satisfaction are more compatible with
and productive in society.

There is an increase in the number of studies dealing with different aspects of life satisfaction in the last few
decades, considering the importance of this construct (Baird et al., 2010). valid and reliable measurement tools
were needed during the data collection process. As a result of this growing interest, many different scales have
been developed to measure life satisfaction to increase the validity of studies: The Satisfaction with Life Scale
(SWLS: Diener et al., 1985); The Brief Life Satisfaction Scales (Lubin & Van Whitlock, 2004); The Temporal
Satisfaction with Life Scale (Pavot et al., 1998); The Riverside Life Satisfaction Scale (Margolis et al., 2018);
Student’s Life Satisfaction Scale (Huebner, 1991); and Life Satisfaction Measure based on Judgment Theory
(Meadow., 1992).

Among them, the SWLS is the most prominent one. It has already been adapted to various populations
worldwide: Brazilian university students (Zanon et al., 2014); Turkish university students and elderly adults
(Durak et al.,, 2010); Hong Kong university students (Sachs, 2003); Spanish adults (Vazquez et al., 2013);
Mexican adults (Lépez-Ortega et al., 2016); and people with Parkinson's disease (Lucas-Carrasco et al., 2014)
etc. All these studies have unanimously reported good psychometrical properties of the SWLS.

On the other hand, including the first development study of SLWS (Diener et al., 1985), more conventional
statistical methods were preferred in all of these studies to unveil psychometrical characteristics of SLWS.
These methods belong to the traditional test development approach called Classical Test Theory (CTT). The
most important advantage of the classical approach is the familiarity of the concepts by the researchers.

According to Embretson (1996), studies based on the CTT approach have some limitations. First, it is assumed
that reliability in the CTT approach is usually fixed for all possible ability scores (ability is generic term to refer
to the trait being measured). Secondly, measurement characteristics are considered to be related to the sample
group. Therefore, for each study carried out with different samples, validity and reliability need to be
investigated again. On the other hand, the IRT scales both items and person’s latent trait level on the same
metric and provide sample free statistics: item statistics are independent of the sample group and person-level
statistics are independent of a specific set of items (Hambleton et al., 1991). Thanks to this approach's
superiority, IRT's use has become widespread in test development, validity and reliability studies.

IRT was first noted in the 1970s when it was used to develop standardised tests, such as Scholastic Aptitude
Tests-SAT. It has become a widely used psychometric method in the validity studies of measurement tools
(Samejima, 1969). The IRT is based on the idea that a person's response to test items depends on only two
factors: the person's ability level (denoted as ) and the item's characteristics (Bond & Fox, 2001). Regarding
the superiority of IRT, it is assumed that the psychometric evaluation of SLWS will enrich our insights on the
construct of life satisfaction and further support the well-proven psychometric quality of SLWS in this new
and promising framework. Based on this reality, the current study aimed to evaluate the psychometric
properties of SLWS with IRT for university students.

1.1. Overview of IRT

In IRT literature, many different models characterise the item properties. The earlier models were proposed
to model dichotomously scored achievement tests. One, two and three parameter logistic models were
proposed for such tests (Birnbaum, 1968). Simultaneously, the models belonging to the Rasch analysis family
were also developed (Rasch, 1960). In the following years, the two-parameter logistic model has been
generalised to scale items with multiple response categories, resulting in polytomous response models.
Among these models, the most popular ones are the Graded Response Model (Samejima, 1969), Partial Credit
Model (Masters, 1982), the Generalized Partial Credit Model (Muraki, 1992; 1993), and the Rating Scale Model
(Andrich, 1978a; 1978b). When conducting IRT based estimation, model fit indices of these models are
compared, and the best fitting model is selected to estimate the data. These models provide similar outputs
and when one model fit the data well, the other usually fit well (Maydeu-Olivares et al., 1994). On the other
hand, for the items with Likert type ordered response categories, Graded Response Model (GRM) is usually
preferred.
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In the GRM models, the item’s properties are depicted by the discrimination parameters (a) and the difficulty
parameters and (d) by using category response functions. The difficulty parameter is also referred to as the
location or intersection parameter. The precision of these estimated parameters is also indicative of
information obtained for the respondents. Statistically, how precisely the parameters are estimated is related
to the variance of the predicted parameters. The variance of these values is expressed as 02 Information is
expressed with “I” and the amount of information is determined as 1/02. From a psychometric perspective,
information indicates how much a parameter is predicted.

The amount of information is also closely related to the discrimination parameters: the higher the the item’s
discrimination parameter, the more information it provides. The amount of information is calculated at the
item level. By assessing the amount of information of each item, good working items could be specified.
Additionally, item information could be depicted with item information functions (IIFs). Having pre-
knowledge of the amount of item information, better measurement tools could be constructed. The
information functions at the test level can also be obtained by summing up the item information functions.
Item information functions and test information functions enable graphical investigation of tests. Those graphs
show which ability levels items and tests provide most information (and more precise estimation). As
underlined above, the amount of information is directly related to the a parameter. The higher the
discrimination parameter, the greater the amount of information item provides. The item’s difficulty level also
indicates ability spectrum’s the location where the maximum information can be obtained (Hambleton et al.,
1991).

Theoretically, GRM is an extension of the two-parameter logistic model (Birnbaum, 1968). In the GRM
framework, the number of dichotomies corresponds to the number of categories minus one. For example, there
are four different dichotomies for a 5-point Likert-type item. These dichotomies are progressively compared:
category 1 is compared with 2, 3, 4 and 5; categories 1 and 2 are compared with 3, 4 and 5; categories 1, 2 and
3 are compared with 4 and 5 and categories 1,2,3 and 4 are compared with category 5. The category boundary
response function (CBRF) is calculated for each dichotomy using the generalised 2PLM. They are also known
as item trace lines. Finally, the item characteristic response functions (ICRF) values are calculated using the
obtained CBRFs which depicts the probability of responding to any response options’ category. The
respondent’s performance and the characteristics that underlie item performance can be described by these
monotonically increasing functions (Henard, 2000). ICRFs are usually sigmoid curves that describe a change
in the likelihood of the response based on the individual's latent trait level. The shape of the ICRFs is
determined by the item characteristics predicted in the model. Item characteristic curves provide important
information about the properties of items. These curves graphically show the likelihood of item responses
throughout different ability levels. As a result of examining the graphs, it is possible to determine weak and
overlapping item categories.

IRT-based models have three basic assumptions about the data: (a) unidimensionality, (b) local independence,
and (c) the IRT model fitting to the data (Reeve & Fayes, 2005). Unidimensionality means that there is only
one factor affecting an individual's performance on an item. That is, the model has a single 6 value for each
individual. Violating this assumption will result in an incorrect estimation of the standard error and
parameters (DeMars, 2010). Unidimensionality could be tested with exploratory factor analysis and
confirmatory factor analysis. When using exploratory factor analysis, the first factor's amount of variance is
evaluated for possible unidimensionality. If the first dimension explains more than 20% of the variance, an
underlying dominant factor's existence can be justified (Hattie, 1985). Additionally, confirmatory factor
analysis could be performed to test one dimensional model. Also, the violation of unidimensionality can be
caused by the differentiation of the item properties across demographic groups. When this occurs, the
response patterns become a function of both the underlying trait and the group membership. This problem is
difficult to diagnose with a factor analytic approach. There are many methods available for determining
whether items show differential item functioning (DIF). For further reading on these methods, please see
Holland and Wainer (1993). Among these methods, the logistic regression method was used in the current
study because it allows detecting both uniform and uniform DIF for polytomous data (Swaminathan & Rogers,
1990). This method is based on the likelihood ratio X2 statistics. With this approach, three hierarchical nested
models are created and DIF is classified as uniform or nonuniform and total. Uniform DIF can be detected by
comparing Model 1 and Model 2, non-uniform DIF can be detected by comparing Model 2 and Model 3 and
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total DIF can be detected by comparing Model 1 and Model 3. Statistics. Pseudo R? statistics could evaluate
the magnitude of the DIF. Zumbo (1999) stated that the following threshold values of R? could be used for
evaluation of DIF: negligible DIF (<0.13), moderate DIF (between 0.13 - 0.26), and large DIF (> 0.26).

Local independence indicates that there is no relationship between item responses when 6 is kept constant.
Specifically, for any ability level, the probability of responding to an item is independent of the probability of
the response to any other items. For the current study, the Q3 statistics proposed by Yen (1984) were used to
test the local dependence because it is similar to and interpreted as the same with well-known Pearson
correlations. If Q3 is found to be 1, the items are considered perfectly dependent, and 0 means perfect
independence.

2. Method
2.1. Participants

The current study data were selected via an online data collection tool due to the 2020 pandemic outbreak.
Because it is not easy to apply probability-based sampling techniques when using online platforms, the
convenience sampling technique was preferred to collect the data. In the sample group, there are 471
university students (388 females and 83 males). Students were enrolled in 4 different faculties (Faculty of
Science and Literature, Faculty of Economics and Administrative Sciences, Faculty of Health Sciences and
Faculty of Fine Arts). The participants” ages ranged between 17 and 37 years (M =21.23, SD =2.32).

2.2. Measurement tools

The SWLS, was used to collect the data. It was developed by Diener et al., (1985). The SWLS was adapted to
the Turkish population by Koker (1991) and the re-evaluation of the scale’s validity was performed by Daglh
and Baysal (2016). They found that the internal consistency coefficient of SWLS was 0.88 and test-retest
reliability was 0.97. Additionally, both EFA and CFA results suggested that the SWLS is a unidimensional
scale, and the dimensional structure was compatible with the original scale. The scale consisted of five Likert
type questions. Higher scores imply a higher level of life satisfaction levels.

2.3. Analysis

As the first step of the data analysis process, assumptions of IRT were tested. Unidimensionality was assessed
with both exploratory factor analysis (EFA) and confirmatory factor analysis (CFA). SPSS (IBM Corp. Released
2013. IBM SPSS Statistics for Windows, Version 21.0. Armonk, NY: IBM Corp.) was used to perform EFA and
MLUS 6 (Muthén & Muthén, 1998-2011) was used to perform CFA. The remaining analyses were performed
in R statistical environment (R Core Team, 2017). Further, gender based DIF was assessed using the “lordif”
package, developed by Seung, Gibbons & Crane (2016). Finally, the “mirt” package, developed by Chalmers
(2012), was used to conduct IRT-based model estimation, and evaluate the local independence assumption.
The model fit statistics, item-fit statistics (Kang & Chen, 2007), item parameters, the amount of information
each item yields, test information statistics, and test reliability function were estimated during the model
estimation process.

3. Results
3.1. Checking the IRT assumptions

This study aims to examine the psychometric properties of the SWLS using GRM and to obtain further
evidence for its validity by performing analysis in the IRT context. Before starting, IRT assumptions
(unidimensionality and local independence) were tested. Testing of the unidimensionality was carried out in
two steps.

In the first step, explanatory factor analysis was conducted. For this analysis, the amount of variance explained
by the fist factor and factor loadings of each item were investigated. It was revealed that the variance
explained by the first factor was 56% and the factor loadings of the items ranged from 0.71 to 0.80. These
findings supported that there is a dominant underlying factor explaining the variance of the SWLS items. Also,
Cronbach's alpha coefficient was estimated as 0.80. It showed that the internal consistency of the items was
sufficiently high. In the second step, one dimensional CFA was fitted to the data to test the unidimensionality
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of the SWLS. The findings showed that the unidimensional structure of SWLS was confirmed [x?(5)= 10.765.
x/df =2.15. CF1=0.99. TLI = 0.98. RMSEA = 0.049 (95% CI = 0.001-0.091). SRMR = 0.018].

The unidimensionality assumption was further investigated by investigating DIF. Lord’s chi-square (x?) test
statistic was calculated to determine whether the items showed differential item functioning based on the
gender variable. The results were given in Table 1 below. The table contains the statistics obtained by
comparing three models (Model 1 vs. Model 2 for uniform DIF, model 1 vs. model 3 for non-uniform DIF and
model 2 vs. model 3 for total DIF). The pseudo R? values (Cox, & Snell,1989; Nagelkerke, 1991) showed no
statistically significant y? differences p<0.05 level. These findings indicate that no item showed DIF based on
the gender variable and can be considered additional proof for the scale's unidimensionality. Additionally,
DIF is also related to the validity of the scale. Therefore, findings related to DIF can be regarded as supporting
evidence to the validity of the scale.

Table 1. Lord’s Chi Square Test Statistics to Investigate Differential Item Functioning of SWLS

x? values Peudo R? Values
Nagelkerke CoxSnell
x21-2  x?1-3 x22-3 1vs?2 1vs3 2vs3 1vs2 1vs3 2vs3
0.663 0.898 0.874 <0.000 <0.000 <0.000 <0.000 <0.000 <0.000
0.365 0.345 0.253 0.001 0.002 0.002 0.001 0.002 0.001
0.081 0.097 0.204 0.002 0.003 0.001 0.002 0.003 0.001
0.078 0.049 0.086 0.003 0.006 0.003 0.003 0.006 0.003
0.429 0.091 0.041 0.001 0.005 0.005 0.001 0.005 0.005

The second assumption of IRT models is local independence which was investigated by calculating Q3
statistics. The findings were given in Table 2 below. Although there is no agreed threshold value to interpret
Q3 values in the literature, Christensen and his colleagues (2017) stated that local independence is quite
unlikely for values of 0.3 and lower. When 0.3 threshold value is taken when deciding whether or not item
pairs show local dependence, the table's values implied a possible local dependence between items 1 and 3.
This finding requires further investigation and needs to be cleared because local dependence was not observed
for multiple pairs; this result was regarded not deteriorating the local independence assumption.

Table 2. Q3 Local Dependence Statistics between the Items of SWLS

Items # item 1 item 2 item 3 item 4 item 5
item 1 -0.17 -0.32 -0.13 -0.16
item 2 -0.14 -0.32 -0.16
item 3 -0.28 -0.21
item 4 -0.12
item 5

3.2. Fitting the GRM to SWLS

After checking the assumptions, the GRM was tested. According to the findings, it can be said that the fit of
the unidimensional GRM model fits well [M?(5) = 8.86, p = 0.115, RMSEA = 0.041 (95% CI = 0.029-0.083). SRMR
= 0.029]. Also, reliability was again estimated in the context of IRT. The result showed that the IRT based
empirical (marginal) reliability value of SWLS was 0.82.

Later, each item’s fit to GRM was evaluated with Orlando and Thissen’s (2003) S-X2 statistics. Significant S-X2
values are considered as a misfit for a given item. The values on item fit statistics and information amounts
are given in Table 3 below. The results revealed that all the items' fit values were not significant at p> 0.05
level. Additionally, it was found that the highest amount of information was obtained from the 34 item while
the least amount of information obtained from the 5 item.
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Table 3. S-X2 [tem Fit Statistics, Item Information Values and Total Information Value

Items S-x? df p Item Info. Total Info.
item 1 62.43 52 0.153 6.54 31.34

item 2 43.57 57 0.905 5.93

item 3 44.67 54 0.813 7.95

item 4 71.46 56 0.080 6.56

item 5 80.27 62 0.059 4.35

The item parameters and IRT based factor loadings of the GRM were given in Table 4 below. As shown in the
table, the factor loadings varied between 0.66 and 0.79 and the difficulty parameters varied between -3.07 and
2.44. The highest value of the difficulty values belonged to the 1¢t item and the lowest value belonged to the
4t jtem, the difficulty parameters of the items spread over a wide range of ability levels. Although the
discrimination parameters are the only factor that determining the level of information an item provides, a
wide range of difficulty parameter values is a prerequisite for these items to provide measurement accuracy
across different levels of 8. The discrimination parameters of items varied between 1.51 and 2.19. According
to Baker (2001), values between 1.35 and 1.69 have “high discriminating power” while values at and above 1.7
have “very high discriminating power”. Based on that criteria, it can be said that items 2 and 5 have a “high”
level of discrimination while other items have a “very high” level of discrimination.

Table 4. Itemn Parameters and Factor Loadings Extracted From GRM

Item F1 al d1 d2 d3 d4 d5 dé

item 1 0.73 1.80 -3.07 -2.07 -1.43 -0.59 0.18 2.06
item 2 0.70 1.67 -2.74 -1.48 -0.86 0.17 0.89 242
item 3 0.79 2.19 -2.19 -1.47 -0.94 -0.15 0.45 2.03
item 4 0.74 1.85 -2.79 -1.70 -0.98 -0.35 0.32 1.96
item 5 0.66 1.51 -1.54 -0.59 -0.13 0.64 1.34 2.44

In Figure 1 below, the category response functions (also known as item trace lines) of the items belonging to
SWLS were given. These category functions allow the evaluation of each item's response options and show
which categories are more likely to be preferred at which © levels. The ideal response categories should be
selected in a particular part of the ability being measured. Additionally, category response functions must not
overlap and the order of them should not change. From this point of view, it shows that the probability of
endorsement of all items for response category 3 and 5 never reached the highest probability at any point on
the © spectrum other response options even have the highest response probability in some range of abilities.
This result implies that when the respondents select response categories of SWLS items, they probably find
the adjacent options of the 3% and 5t response categories more attractive. These results put the existence of
these categories into question.

Item trace lines
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Figure 1. Category Response Functions and Information Traces of SWLS
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Test information and reliability functions of SWLS were given in Figures 2a and 2b below. In the figure, the x-
axis corresponds to the predicted life satisfaction score (6), the left side of the y-axis shows the amount of
information given by the test while the right side shows the amount of standard error. The information
function’s peak shows the level of ability that the SWLS yields the most information (enable the most precise
estimation of ability). When the shape of the function was examined, the highest amount of information can
be obtained in the range of -2 to 0 ability levels. On the other hand, the amount of information given in the
range of -3 to 2 ability levels did not change considerably. This finding implies that the SWLS provides
information in a wide range of ability level. As to the amount of standard errors, the figure showed that,
standard errors minimised at the ability levels where the most information was yielded.

Another advantage of the IRT is that it can give the amount of reliability for different ability levels. The
reliability function of the SWLS was shown in Figure 2a below. The reliability function and the information
function goes fairly parallel. Figure 2b below also includes a reference line to provide information about the
range of ability where reliability is greater than .8. The given reference line was drawn based on the acceptable
level of reliability suggested by Shavelson (2004). Accordingly, it is seen that SWLS has a reliability of .8 and
above in the range of -3 to 3 ability levels and the reliability level decreases for more extreme ability levels.
Such a wide range of acceptable level of reliability can be regarded as a strength of SWLS.

a)
Test Information and Standard Errors
5 | 6
4 |
) 3 s =
= . \/ \ %
1 - 2
o -
I
(6]
Reliability
L L 1 1 1 1 1
1.0 - -
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Figure 2. Test Information Function, Standard Error Function and Reliability Function of SWLS
4. Discussion

In this study, psychometrical properties of SWLS were assessed by IRT based approach with university
students. The data were collected in a large Metropolitan. For preliminary analysis, both exploratory and
confirmatory factor analysis were conducted to test the unidimensionality of SWLS and results support the
unidimensional structure. Additionally, the obtained Q3 statistics provided satisfactory evidence of the local
independence assumption. Furthermore, Lord’s x? statistics provide evidence that SLWS items did not show
gender-based DIF. This finding is significant because it implies that the scale items function similarly for men
and women and do not give biased estimations for different gender groups. This result also supports the
validity of the SWLS.

Later, GRM was applied to the SWLS data and fit indices provided evidence that GRM can be used in future
studies by the researchers. When the items' discrimination parameters were examined, it was seen that the
items have “high” and “very high” discrimination values. Furthermore, it has been found that the predicted
difficulty parameters of the items cover a wide range of ability spectrum. As a result, the SLWS reliability level
did not fall below 0.8 in a wide range. In parallel, the standard error level remained low in the same range of
ability. Although the reliability value obtained with the classical approach is 0.8, it is only an assumption that
this level of reliability does not change across the ability spectrum. The results obtained with the IRT approach
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provided evidence for this assumption; they showed that 0.8 or a higher level of reliability could be obtained
for individuals for a wide range of ability. On the other hand, the results revealed that, for extremely higher
and lower levels of ability, the reliability level of the SWLS drop.

Although CTT approach was used to assess validity and reliability of SWLS in different populations (i.e.
Amtmann et al., 2017), no study benefited from using IRT approach to investigate psychometric properties of
SWLS. In this respect, this study is the first one using IRT approach to evaluate the validity of SWLS. As cited
in the first part, modern IRT techniques provide many advantages over CTT (Reeve & Fayers, 2005). In this
way, we believe that the current study helps researchers obtain deeper insights into the item and measurement
properties of SWLS. The findings presented in this study were similar to the findings obtained by Amtmann
et al. (2017) in a way that, both studies provided evidence for the unidimensionality of SWLS.

Furthermore, in this study, it was found that the third and fifth response categories had a lower probability of
endorsement compared to the adjacent response categories. The endorsement likelihoods of those categories
are not higher than the alternative categories at any part of the talent trait spectrum. One of the possible causes
of this disturbance is that participants may find it difficult to distinguish between adjacent category labels. In
this case, it may be better to use category labels that can be more easily distinguished or reduce the number of
response categories. Hence, it may be better to combine these categories with adjacent ones. Amtmann et al.
(2017) also suggested that the seven response categories for SWLS are too high and should be reduced to five.
Hence, future studies need to be carried out to see how the measurement precision will be affected when the
response categories of the SWLS are reduced. Additionally, Amtmann recommended the removal of fifth item.
This recommendation was partially supported in the current study as it provided the least amount of
information, item fit statistics supported keeping of it in the scale. For this reason, instead of removing it from
the scale, 5™ item could be revised and the possible effect of this revision on the psychometric properties of
SWLS could be studied.

5. Conclusion

It can be concluded that even the number of items of the SWLS is small; it can provide a high level of reliable
measurement quality in a wide range of ability spectrum. On the other hand, it should be taken into
consideration that these findings are limited because the sample size was not large, and the sample group
consisted only of university students. In future studies, this study could be replicated with diverse sample
groups.

In conclusion, readers should be aware of one important point that IRT approach’s findings should not be
perceived as an alternative to the CTT. Although the findings obtained by the IRT approach can be beneficial
and help in gaining new insights, it is necessary to compare the findings obtained in CTT and IRT approaches.
At the same time, beyond statistical findings, content experts’ opinions regarding the practical impacts of any
kind of revision made on SWLS should be considered. Readers should never forget that integrating the IRT
into the classical approach would be more beneficial instead of replacing it. Finally, this study used the IRT
approach, which included modern psychometric procedures to measure life satisfaction. Hoping that this
study will contribute to the measurement and evaluation of life satisfaction considering the infrequent use of
modern techniques in validating life satisfaction.
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