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Abstract 

One commonly used tool to measure olfactory function is the Sniffin’ Sticks Test extended 

version (SSET). The SSET evaluates olfactory ability by summing the scores of three 

subtests: Threshold, Discrimination, and Identification. Recent meta-scientific literature 

revealed that many psychometric instruments currently in use have not been adequately 

validated, leading to a measurement crisis that raises concerns about the validity of the 

conclusions drawn with these instruments. Two examples of the measurement crisis are 

i) the use of sum scores without testing their assumptions (i.e., unidimensionality, tau-

equivalence, and internal consistency) which indicate that all subtests have the same, 

stable relationship with their underlying construct, and ii) the lack of assessment of 

measurement invariance across groups. Here, we aim to investigate the 

unidimensionality and tau-equivalence assumptions, internal consistency, and 

measurement invariance of sex and age groups of the Italian version of the SSET.  We 

tested 988 (555 females, mean±SD: 39.75±18.60 years) participants using convenience 

sampling who were administered the Italian version of the SSET. The tau-equivalent 

model demonstrated excellent fit indices (CFI robust = 1, TLI robust = 1, RMSEA robust 

= 0, SRMR = .013), which best explain the data, indicating that that all subtests are equally 

important in measuring olfactory function, but not necessarily equally precise. The results 

also revealed full invariance across age groups and configural, partial metric, and scalar 

invariance across sexes. However, the SSET demonstrated moderate internal 

consistency. Future studies should clarify whether the reliability of the SSET can be 

increased, further strengthening its credibility across groups. 
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Introduction  

The COVID-19 pandemic has highlighted like never before the importance of olfactory 

testing. Millions of people since the beginning of the COVID-19 pandemic have suffered 

from acute and persistent smell dysfunction (Cecchetto et al., 2021; Doty, 2022; Karamali 

et al., 2022; Ohla et al., 2022; Tan et al., 2022; Wu et al., 2023), and join additional millions 

of people who experience olfactory disorders due to different etiologies [e.g., congenital, 

neurodegenerative disorders, other infectious diseases, metabolic disorders; (Patel et al., 

2022)]. Quantifying the prevalence of olfactory disorders is challenging because, at 

present, there is no system enabling population surveillance of olfactory function 

(Boesveldt and Parma, 2021). In preparation for this step in healthcare, it is imperative to 

provide valid measures to evaluate olfactory function across development.  

 One of the most widely used olfactory tests, especially in Europe, is the Sniffin’ 

Sticks Extended test [SSET; Burghart Messtechnik, Wedel, Germany; (Hummel et al., 

1997; Oleszkiewicz et al., 2019)]. In the past 30 years, the SSET has been administered 

to children (Oleszkiewicz et al., 2019), adults (Wolfensberger, 2000; Neumann et al., 

2012; Ribeiro et al., 2016; Niklassen et al., 2018; Oleszkiewicz et al., 2019; Delgado-

Losada et al., 2020; Langstaff et al., 2021), and the elderly alike (Oleszkiewicz et al., 

2019; Trentin et al., 2022) to assess three olfactory functions: odor threshold (OT) - the 

ability to detect an odorant concentration 50% of the presentations; odor discrimination 

(OD) - the ability to distinguish between two different odorants in a triangle test; and odor 

identification (OI) - the ability to recognize an odorant given four verbal/visual labels. The 

scores of these three subtests are then summed to produce the TDI score, based on 

whose cutoffs an individual’s olfactory ability is determined (Oleszkiewicz et al., 2019). 
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The SSET was developed in Germany (Hummel et al., 1997) and it has been translated 

into several languages, including Italian (Eibenstein et al., 2005; Masala et al., 2022). To 

our knowledge, none of these translations has been rigorously validated, including 

assessing the assumptions of using sum scores (i.e., unidimensionality and tau-

equivalence), internal consistency, and assessing the measurement validity across age 

and sex groups, which are variables used to establish norms for olfactory function. As a 

result, the conclusions reached in the body of work using the SSET might be open to 

validity issues. 

In short, valid measures evaluate what the experimenters assume they are 

measuring (Kimberlin and Winterstein, 2008). Importantly, measures can not be valid 

unless they are also reliable, namely accurate and consistent over time (Tavakol and 

Dennick, 2011). Even if this concept seems trivial, the assumptions underlying whether a 

measure is valid are paramount to ensuring that science is replicable, and ultimately 

informative (Lilienfeld and Strother, 2020). As recent meta-scientific research has 

revealed, most of the measures used in several fields have not been properly validated, 

raising doubts about the conclusions reached with those tools (Flake et al., 2017; Flake 

and Fried, 2020).  

An essential aspect of validity is the assessment of the structure of a specific 

construct or dimensionality (Pett et al., 2003). A measure or scale is considered 

unidimensional when there is only one underlying construct or latent variable that 

accounts for responses to its subtests or items. For instance, the SSET evaluates 

olfactory function through three subtests. If the SSET is unidimensional, these subtests 

measure the same construct, which is represented by olfactory function. 



 

5 

There are various models used in confirmatory factor analysis (CFA) to test the 

structure of a construct based on the underlying assumptions of the measurement (see 

Figure S1 for a graphical depiction of the models in supplementary materials). The most 

restrictive model is the parallel model which requires the true loadings of the factors and 

the error of the measurement to be equal across observations (Raykov, 1997a, 1997b). 

In simple terms, this means that each subtest or item contributes equally and with the 

same level of precision to the overall test score, measuring the latent construct. The tau-

equivalent model requires the true loadings of the factors to remain equal but allows for 

different error variances among observations. This implies that each subtest is equally 

related to the underlying construct, but the precision of each subtest can vary, meaning 

that all subtests are equally important in measuring the construct, but not necessarily 

equally precise. The least restrictive model is the congeneric model, which allows both 

factor loadings and error variances to vary. This means that subtests can differ in their 

degree of contribution and precision when measuring the underlying construct, 

acknowledging that some subtests may be better indicators of the construct than others. 

Oftentimes, a congeneric model is assumed even though the measure (e.g., a sum score) 

requires the assumptions of a unidimensional or tau-equivalent model to be met (McNeish 

and Wolf, 2020). 

To determine whether the TDI score is the appropriate summary measure of 

olfactory function when using the SSET, there are two possible options: testing for 

unidimensionality or tau-equivalence. McNeish and Wolf (McNeish and Wolf, 2020) claim 

that the valid use of a sum score requires unidimensionality and a parallel model, though 

others argue that unidimensionality is a sufficient condition (Widaman and Revelle, 2022), 
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supporting the suitability of tau-equivalent models. Tau equivalence indicates that each 

item or subtest exhibits equal factor loadings, which are coefficients that represent the 

strength of the relationship between each subtest and the underlying construct being 

measured - in this case, olfactory function. Equal factor loadings across the three subtests 

imply that each subtest contributes equally to the overall assessment of the construct. 

Therefore, the scores from each subtest are equally significant and informative when 

combined to produce a comprehensive measure of olfactory function. Meeting the tau 

equivalence assumption allows us to aggregate the scores of OT, OD, and OI to derive 

the TDI score, ensuring its validity as a measure. A further step would include evaluating 

whether having a deficit in one subtest could undermine the validity of TDI in predicting 

olfactory function. To our knowledge the underlying model of the SSET has not been 

tested, leaving its validity open to failure. 

To assess the reliability of the TDI score, we need to measure its internal 

consistency. This involves determining if the three subtests of the SSET measure the 

same construct or latent variable. Acceptable internal consistency indices (such as 

Cronbach’s α > .7) establish an upper limit for validity, given that an instrument cannot be 

more valid than reliable (Tavakol and Dennick, 2011). However, it is important to note 

that the value of Cronbach’s α is affected by the number of items. In general, Cronbach's 

α tends to be lower in tests with fewer items, since it is a function of both the number of 

items and the correlations among them. In the case of the SSET, Cronbach’s α is 

determined based on the OT, OD, and OI scores, using only three items. To achieve a 

Cronbach’s α greater than .7 with just three items, the average correlation across all items 

should be at least 0.43.  
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Additionally, the SSET is often used to compare the olfactory ability of different 

groups of individuals, such as males and females, or the same individuals over time. 

These comparisons highlight the importance of testing another crucial psychometric 

property - measurement invariance, which assesses that the measured construct is 

psychometrically equivalent across groups and/or times. To our knowledge, 

measurement invariance has never been tested for the SSET, nor for the other olfactory 

measures currently used, with the consequence that all results based on groups and/or 

time comparisons could be misleading. Meeting the criteria for measurement invariance 

indicates that the construct has the same structure across different groups or time points, 

and this allows meaningful within-group and between-group comparisons (Putnick and 

Bornstein, 2016).  

Measurement invariance is usually tested through three main steps (Widaman and 

Reise, 1997). First, one should perform a configural invariance test. This test allows us to 

estimate factor loadings, intercepts, and residuals freely, to establish a baseline model 

across groups. The configural invariance test implies that similar, even though not 

identical, latent constructs have been measured in the groups (Widaman and Reise, 

1997). If the configural invariance test is not supported by the data, the measurement 

invariance test should not proceed further. Second, a metric invariance model is tested, 

constraining all the factor loadings to be equal. This is a weak invariance test, and it is 

considered successful when the relationship between indicators and latent variable(s) is 

invariant across groups. In other words, weak invariance holds when a unit increase in 

the latent variable is reflected by the same increase in the observed variable across 

groups. Third, a scalar invariance model is tested. In this model, the factor loadings and 
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the intercepts are constrained to be the same across groups: this is considered a strong 

invariance test, and it is required to compare latent means across groups. Indeed, if scalar 

invariance is not met, any group difference in the observed scores may not reflect a real 

difference in the latent means or, vice versa, an apparent lack of difference in the 

observed scores may obscure a real difference in the latent means.  

Based on these premises, the overarching aim of the present work is to 

psychometrically validate the SSET in the Italian population by assessing its 

unidimensionality, tau-equivalence, internal consistency, and measurement invariance. 

First, we assessed the unidimensionality of the SSET to ensure that all three subtests are 

measuring the same construct. If all subtests of the SSET highly correlate with each other, 

in line with Widaman and Revelle (2022), and confirmatory factor analysis reveals good 

fit, we consider the unidimensionality assumption met. Second, we assessed if the SSET 

is based at least on a tau-equivalent model, to justify the use of the TDI sum score as a 

summary measure. To determine this, we examined the fit of the tau-equivalent model 

and its explanatory power compared to the parallel and congeneric models. If the tau-

equivalent model demonstrates good fit measures, and better fit than the other models, 

the tau-equivalence assumption is confirmed and the TDI score is considered a valid 

summary measure for the SSET. Third, we assessed whether deficits in one subtest could 

affect the validity of the TDI sum score. Fourth, we explored whether the internal 

consistency of the SSET is acceptable. Finally, we evaluated measurement invariance 

across age and sex groups so that the test scores could be used to make meaningful 

comparisons across groups and time. If full invariance is achieved, then the observed 

means (i.e., the raw TDI score) can directly be used to compare groups. If only partial 
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invariance is supported, the latent means (i.e., means estimated through factor analysis) 

should be compared.  

 

Materials & Methods 

Participants 

We recruited 999 participants using convenience sampling who were administered the 

Italian version of the SSET. We excluded 11 of them because we did not share their sex 

(n = 1), and age (n = 8), or were missing the score at the OT subtest (n = 2; Table 1). The 

final sample consisted of 988 subjects [555 F (56%), mean±SD of age: 39.75±18.60 

years, age range: 18-92 years] from five different Italian regions [Calabria (n = 187), Friuli-

Venezia Giulia (n = 30), Sardinia (n = 466), Trentino (n = 89), and Veneto (n = 216)].  To 

test measurement invariance across ages, participants were divided into three age 

groups: 18-30 (n = 483), 31-60 (n = 322), and 61+ (n = 183). Sex was coded as a binary 

variable (F/M) given that no other option was reported. Data was collected in the context 

of different studies (Iuliano et al., 2023; Masala et al., 2022), and collapsed in this 

analysis. The exclusion criteria used across participants were: 1) history of neurologic or 

psychiatric disease, 2) head injury with loss of consciousness, 3) local respiratory tract 

diseases at the time of the testing (such as allergic or infectious rhinitis, or sinusitis), 4) 

pregnancy, and 5) any ongoing oncological treatment. Eligibility criteria were checked by 

the examiner before the beginning of the testing.  

Table 1. Descriptive statistics of age and SSET subtests. 

  SSET 
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  Age OT OD OI 

N 988 988 988 988 

Mean 39.75 7.74 12.02 12.73 

SD 18.6 3.79 2.19 2.02 

Minimum 18 1 1 1 

Maximum 92 16 16 16 

Skewness 0.8 0.46 -0.93 -1.23 

Kurtosis -0.62 -0.32 1.91 3.06 
Note. SSET: Sniffin’ Sticks Extended test. OT: odor threshold 
subtest. OD: odor discrimination subtest. OI: odor identification 
subtest. SD: standard deviation. N = 156 (16%) participants show 
at least one deficit in one subtest. Please see Table S1 for further 
detail on deficits across subtests.  

 

The Sniffin’ Sticks Extended Test 

The SSET is composed of three subtests: OT, OD, and OI. From each subtest, we obtain 

a score ranging from 0 to 16, and the sum of the scores of the three subtests represents 

the composite TDI score, which ranges from 0 to 48. The TDI score is commonly 

interpreted as a measure of olfactory function (Hummel et al., 1997). The examiner 

administers the test wearing odorless gloves. Each odorous pen’s tip is placed about 2 

cm from the subject’s nostrils. Each pen is presented for about 3 seconds.  

The OT subtest measures the lowest concentration of odorant that an individual 

can detect in 50% of presentations. It comprises 16 triplets of odorous pens and in each 

triplet, only one pen contains n-butanol, while the other two pens contain a distractor 

solvent. In each trial, three pens are presented in a randomized order, and the 

participant’s task is to indicate the pen containing the odorant (n-butanol) among the two 

that do not. The interval between presentations of each triplet is approximately 20s. The 

concentration of the odorant varies across triplets. The examiner presents a triplet with 

an ascending odor concentration, starting from the lowest concentration. After two 
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consecutive correct responses, a triplet with a descending odor concentration is 

presented. The OT score is calculated as the mean of the last four reversals and ranges 

from 16 – indicating that participants can detect the lowest concentration of the odorant 

– to 1 – indicating participants are unable to detect the highest concentration of the 

odorant. 

The OD subtest evaluates the ability of a person to discriminate if two 

suprathreshold odorants are different or not. The test is composed of 16 triplets of pens. 

Each triplet contains two pens filled with the same non-target odor, and one pen with a 

different target odor. In each trial, the participant's task is to identify the target pen. For 

each correct answer, one point is assigned. The score ranges from 0 to 16 and it is the 

sum of correct answers. The higher the score, the better the OD ability. 

  The OI test evaluates the ability of a participant to correctly recognize an odorant 

at a suprathreshold level among four given verbal and visual options. The test consists of 

16 pens containing different odorants commonly encountered in everyday life (i.e., flower, 

lemon, fish). The examiner presents one pen at a time and the participant’s task is to 

select the accurate response from the four options provided. The score ranges from 0 to 

16 and it is the sum of correct answers. 

Procedures 

Olfactory function was assessed with the SSET. The use of the test was approved by the 

Ethics Committees of the University Hospital of Cagliari (Prot. Number: NP/2018/1630) 

and the Internal Review Board of A.O.U. Renato Dulbecco, Catanzaro, and the 

procedures were carried out according to the Declaration of Helsinki. All participants gave 

their written informed consent to participate in the study. Participants were tested 
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individually and completed three subtests of the SSET in their established order (OT, OD, 

OI). Across studies, participants were asked not to eat and drink only water for at least 1 

h before the testing session. The procedure lasted about 40-60 minutes and was carried 

out in a quiet and well-ventilated room.  

Data Analyses 

Statistical analyses were performed with R (R Core Team, 2023). We assessed 

multivariate normality using Mardia's test [assumption met for p > 0.05; (Mardia, 1970)], 

revealing that multivariate normality was not supported [Mardia Skewness = 424.64 (p < 

.001), Mardia Kurtosis = 14.05 (p < .001)]. In the absence of a normal distribution, we 

employed a Maximum Likelihood Robust (MLR) estimator for the confirmatory factor 

analyses (CFA). Then, we investigated whether the assumptions required for summing 

the scores of the three subtests - unidimensionality and tau-equivalence - were met. To 

assess the unidimensionality of the SSET we performed a confirmatory factor analysis 

(CFA) using the R package lavaan (Rosseel, 2012). The goodness of the model fit was 

evaluated using the following indices: Root Mean Square Error of Approximation 

(RMSEA), Comparative Fit Index (CFI), Tucker–Lewis Index (TLI), and Standardized 

Root Mean Square Residual (SRMR). Values below 0.05 indicated a good fit for RMSEA 

and SRMR, while for CFI and TLI values above 0.90 were considered acceptable (Hu 

and Bentler, 1999).  

Whenever evidence of tau-equivalence is revealed (McNeish and Wolf, 2020), 

internal consistency can be assessed using Cronbach's α (Cronbach, 1951). Values of α 

higher than .70 were considered acceptable, even if there is limited evidence that such 
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value should be considered a decisional threshold (Taber, 2018), especially with a limited 

number of items (n = 3), as in our case. 

 In absence of large-scale independent norms for the Italian population, 

participants were considered as having deficits if their scores fell below the tenth 

percentile in OT (<3.25), OD (<9), or OI subtests (<10, see Table S1). To investigate 

whether a deficit in one subtest influences the relationship between the other two 

subtests, we conducted a set of moderated regression analyses using three models. Each 

model addressed whether the relationship between each pair of subtests was moderated 

by a deficit in the other subtest. We then followed-up on the results by checking whether 

the relationship between each pair was significantly different from zero in each subgroup 

(deficit and control group). We chose this approach rather than a measurement invariance 

approach due to the lack of statistical power for the latter.  

Measurement invariance across sexes and ages groups was tested with 

progressively restrictive criteria, according to Vandenberg and Lance (2000). We tested 

measurement invariance using the congeneric model, and we fixed the variance of the 

latent variable to 1. We started testing a configural invariance model, then a metric model, 

and a scalar model. Measurement invariance is rejected when the comparison between 

two models leads to a significant Δ𝜒2 (p < .05). However, since this method is prone to 

easily reject measurement invariance (Hays et al., 2005), measurement invariance was 

assessed by considering the differences in CFI, RMSEA, and SRMR. In detail, changes 

≤ - 0.010 in ΔCFI, ≥ 0.015 in ΔRMSEA or ≥ 0.030 in ΔSRMR indicate non-invariance for 

metric invariance, while changes ≤ - 0.010 in ΔCFI, ≥ 0.015 in ΔRMSEA, or ≥ 0.015 in 

ΔSRMR indicate non-invariance for scalar invariance (Chen, 2007).  
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Results 

The latent variable of the SSET is unidimensional  

To determine whether the TDI score of the SSET reflects a unidimensional 

construct (i.e., olfactory function), we first assessed the correlations across the three 

subtests of the SSET (Figure 1). OT showed a weak correlation with OD (r =.27) and OI 

(r = .26). In contrast, a stronger correlation was detected between OI and OD (r = .45). 

Furthermore, results of the confirmatory factor analysis highlighted that the tau-equivalent 

model showed excellent fit indices (CFI robust = 1, TLI robust = 1, RMSEA robust = 0, 

SRMR = .013), thus confirming the unidimensional structure of the SSET.  

Figure 1. Frequency, boxplots, density, and correlations for sex, age, OT, OD, and OI. 

 

Note. F: females. M: males. OT: odor threshold subtest. OD: odor 
discrimination subtest. OI: odor identification subtest. Corr: Pearson’s 
correlation. * p < .05; ** p < .01; *** p < .001. 

Using the TDI score is justified by the satisfaction of the tau-equivalence 
assumption  

To explore whether the use of the TDI as a sum score is justified, we fitted three 

measurement models (i.e., parallel, tau-equivalent, and congeneric). Results of the CFA 

revealed that the tau-equivalent model showed excellent fit indices (CFI robust = 1, TLI 
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robust = 1, RMSEA robust = 0, SRMR = .013), and the fit did not significantly worsen 

when compared to the unidimensional congeneric model (Δ𝜒2 = 1.26, df = 2, p =.534, 

Table 2). An analysis of AIC and BIC across the three models revealed that the tau-

equivalent model was the model that best fit the data (Table 2), revealing that the tau-

equivalence assumption in the Italian version of the SSET can be assumed.  

 

Table 2. Comparison between parallel, tau-equivalent, and congeneric models. 

Model  AIC BIC 𝜒2 df Δ𝜒2 Δdf p 

Congeneric 13662 13692 0.00 0       
Tau-equivalent 13660 13679 1.18 2 1.25 2 .535 
Parallel 14288 14298 634.07 4 378.22 2 < .001 

Note: AIC: Akaike Information Criterion; BIC: Bayesian Information Criterion; 𝜒2: chi-squared test; df: 
degrees of freedom; Δ𝜒2: chi-squared test difference; Δdf: degrees of freedom difference; p = p-value. 
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The validity of the SSET persists even for participants with olfactory deficits 

 Moderated regression analyses on participants that showed deficits in each 

subtest were employed to further explore the interrelationships among the subtests. 

Results reported in Table 3  indicate that a deficit in OI significantly impacts the OD-OT 

relationship, as revealed by significant main effects for OT and deficitOI on OD and a 

significant interaction term. Additionally, results indicate that a deficit in OD does not 

significantly alter the OT-OI relationship even though the main effects for OT and 

deficitOD on OI were significant. Finally, results indicate that a deficit in OT significantly 

impacts the OI-OD relationship (significant main effects for OD and deficitOI on OT and 

significant interaction term).  Moreover, across groups, we consistently observed high 

and statistically significant correlations: in the OT deficit group (n = 97), OD correlated 

with OI r = .72 (p < .001); in the OD deficit group (n = 64), OT correlated with OI r = .46 

(p < .001); and in the OI deficit group (n = 62), OT correlated with OD r = .58 (p < .001).  

 
Table 3. Output of moderate regression analysis on groups of participants with olfactory 
deficits.  
 

Model Effect Estimate Standard Error t value p-value 

OD ~ OT * deficitOI  

Intercept  11.450 0.150 76.388 < .001 

OT 0.094 0.017 5.463 < .001 

deficitOI -4.915 0.426 -11.532 < .001 

OT:deficitOI 0.337 0.068 4.977 < .01 

OT ~ OI * deficitOD  

Intercept  3.381 0.899 3.761 < .001 

OI 0.354 0.069 5.151 < .001 
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deficitOD -3.88 1.747 -2.219 < .01 

OI:deficitOI 0.158 0.163 0.972 0.331 

OI ~ OD * deficitOT 

Intercept  9.524 0.372 25.549 < .001 

OD 0.278 0.03 9.216 < .001 

deficitOT -5.717 0.699 -8.182 < .001 

OD:deficitOT 0.449 0.064 7.013 
< .001 

  

 

Internal consistency of the SSET is low, due to high variance in OT 

Given the acceptance of the tau-equivalent model, we estimated internal 

consistency across the three subtests of the SSET using Cronbach’s α. Results revealed 

that the estimate did not reach acceptable levels (𝛼 = .53), suggesting large amounts of 

measurement error. Estimates of residual variance (OT = 12.24, OD = 2.73, OI = 2.09) 

indicated that a relevant amount of measurement error is derived from the OT subtest. 

Moreover, the low number of items likely contributed to the lower α value. Furthermore, 

the average inter-item (i.e., item = SSET subtest) correlation was .33, lower than the 

needed .43, necessary to achieve Cronbach’s α of .7. In fact, OD and OI have a 

correlation of r = .45, but OT showed weaker correlation with the other subtests (OT-OD 

r = .27; OT-OI r = .26). While OD and OI subtests share .47 and .44 variance with the 

latent variable, OT only shares .16 with the latent variable.  

 

Measurement invariance across age groups is met 

 To investigate measurement invariance across age, we conducted a multiple-

group CFA on the three age groups (18-30, 31-60, and 61+ years old). Results showed 

that full configural, metric, and scalar invariance were met (Table 4). 

 

Table 4. Fit indices for invariance testing across age groups. 
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 AIC BIC 𝜒2 df Δ𝜒2 Δdf p 

Configural 
invariance 

13392 13524 0 0       

Metric 
invariance 

13390 13502 5.41 4 6.08 4 .193 

Scalar 
invariance 

13385 13478 8.76 8 3.16 4 .530  

Note: AIC: Akaike Information Criterion; BIC: Bayesian Information Criterion; 𝜒2: chi-squared test; df: 
degrees of freedom; Δ𝜒2: chi-squared test difference; Δdf: degrees of freedom difference; p = p-value. 

 

First, we conducted an unconstrained analysis of the three age groups to confirm 

the configural invariance of the SSET. Second, we constrained the factor loadings to be 

equal between the three age groups for the metric invariance analysis. Comparison 

between the configural and metric the model suggested that the metric model did not 

worsen the fit, so metric invariance was achieved (Δ𝜒2 = 5.06, p = .192). Third, we 

performed the scalar invariance analysis by constraining the factor loadings and 

intercepts of the items to be equal across age groups. Results showed that the scalar 

model fit did not worsen when compared to the metric model, indicating that scalar 

invariance was met (Δ𝜒2 = 0.39, p = .531). 

Since full invariance was met, we proceeded by comparing the observed means 

of the three age groups performing a one-way ANOVA. The ANOVA revealed that there 

was a statistically significant difference in olfactory function (F(2, 985) = 77.96, p < .001). 

Tukey’s HSD Test for multiple comparisons found that the mean value of olfactory 

function was significantly lower for the older age group than the younger age group (p < 

.001, 95% C.I. = [-6.98, -4.71]), and the median age group (p < .001, 95% C.I. = [-6.62, -

4.20]). On the other hand, there was no statistically significant difference between the 

younger age group and the median age group (p = .523). The effect size, calculated as 

eta squared (η²), was 0.14, indicating a medium effect.  
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Measurement of invariance across sexes is partially met 

We also tested the SSET for measurement invariance across sexes. We started 

testing configural invariance performing an unconstrained analysis. Then, we tested 

metric invariance constraining the factor loadings to be equal between males and 

females. Results of the comparison between the configural and the metric model revealed 

that the metric model worsened the fit, suggesting that there is a lack of metric invariance 

for the SST across sexes (Δ𝜒2 = 15.26, p > .001). For this reason, we tried to establish 

partial invariance. We proceeded to explore the parameters in order to identify which fixed 

(or constrained) parameters in the model should be released to improve the fit for the 

scalar model. We found that the OD loading varied across males and females, and after 

relaxing this parameter, partial metric invariance was met. Then, we proceeded by testing 

for full scalar invariance by constraining the factor loadings and intercepts of the items to 

be equal across sex groups. The scalar model did not worsen the fit when compared to 

the partial metric model, thus indicating that scalar invariance was met. The results of fit 

indices for invariance testing are reported in Table 5. 

 

Table 5. Fit indices for invariance testing across sex 

 AIC BIC 𝜒2 df Δ𝜒2 Δdf p 

Configural 
invariance 

13631 13719 0 0       

Partial Metric 
invariance 

13629 13712 0.13 1 0.15 1 0.699 

Scalar 
invariance 

13630 13704 5.38 3 5.26 2 0.072 

Note: AIC: Akaike Information Criterion; BIC: Bayesian Information Criterion; 𝜒2: chi-squared test; df: 
degrees of freedom; Δ𝜒2: chi-squared test difference; Δdf: degrees of freedom difference; p = p-value. 
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We compared the latent means of males and females and found that they significantly 

differ (Estimate = -0.25, SE = 0.10, z = -2.36, p = .018). We also compared the observed 

means. First, Levene's test was conducted to assess the homogeneity of variances 

across groups. The result was significant [F(1,986) = 17.81, p < .001], indicating that the 

assumption of equal variances was violated. For this reason, we performed a Welch’s t-

test, which is robust to unequal variances. Results highlighted that they were statistically 

different [t(818.77) = 2.4, p = .016], with females obtaining higher scores (M = 32.90) than 

men (M = 31.96). The effect size, as measured by Cohen’s d, was d = 0.16, indicating a 

small effect. To calculate observed and latent means by sex for the SSET, please refer 

to the following R script available on OSF: https://osf.io/djpae/. 

 

Discussion 

The main goal of this study was to validate the TDI score in the Italian version of 

the SSET as a valid and reliable measure of olfactory function, for which the 

unidimensionality, tau-equivalence assumptions, internal consistency, and measurement 

invariance are tested.  

The results from the confirmatory factor analysis supported the unidimensional 

structure of the SSET. Moreover, the tau-equivalent model (same loadings, different error 

variances) showed excellent fit indices and, when compared to the congeneric model 

(different loadings and different error variances), it did not significantly worsen the fit, 

indicating that it provides an adequate explanation of the data. These findings suggest 

that the assumptions of unidimensionality and tau-equivalence are met for the SSET in 

the Italian population, allowing the use of the sum score (TDI) of three subtests as a valid 

measure of olfactory function. 
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Moreover, the validity of the TDI is not affected by having a deficit in one subtests. 

Both correlations and moderated regression analyses suggest that despite deficits in 

each individual subtest, associations among the other subtest scores are significantly 

different from zero. This indicates that the SSET comprehensively assesses olfactory 

function, even in presence of specific olfactory dysfunction. These results provide 

substantial evidence affirming the validity of combining the three measures in the SSET, 

thus confirming its utility in accurately assessing olfactory function. 

With respect to reliability, the internal consistency estimate of the three subtests 

(𝛼 = .53) did not reach acceptable levels, thus revealing the presence of a large amount 

of measurement error. Residual variance estimates revealed significant measurement 

errors originating from the OT subtest. This variability arises partly because the other two 

subtests (OD and OI) exhibit a ceiling effect (future studies should aim to make these 

subtests more challenging in the Italian version) and partly because OT is more 

susceptible to error (due to testing conditions, etc.). Future research efforts should focus 

on addressing these factors to improve the robustness of the SSET to reach acceptable 

Cronbach’s α values. It is important to note that factors such as the number of test items 

can influence the value of α (Cortina, 1993): the lower the number of items (here 

subtests), the lower the internal consistency. Additionally, results demonstrated a 

moderate average inter-item correlation, suggesting satisfactory homogeneity of the 

items, but also a notable amount of unique variance. In other words this means that the 

OT, OD and OI subtest partially overlap in explaining olfactory function, but not 

completely. It is worth mentioning that the subtests of the TDI score include metrics of 

odor sensitivity, discrimination, and identification providing a multi-pronged 

representation of olfactory function, leaving the possibility of further improvement in 

internal consistency uncertain.  

An alternative  account would be to conceive the TDI score as a formative model 

instead of a reflective one (Avila et al., 2015). This means that rather than thinking of 
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olfactory function as a latent variable that causes a good performance in the OT, OD, and 

OI, we may conceive the performance at these subtests as causing the latent variable. 

Under this model, correlation among the formative indicators is not required, and the use 

of Cronbach’s α as an estimate of internal consistency would be unwarranted. 

The analysis of measurement invariance across ages revealed that the SSET in 

the Italian population measures the same construct (i.e., olfactory function) for all age 

groups since full configural invariance was met. In other words, this means that the factor 

is associated with the same set of items across groups (Gregorich, 2006). The SSET 

displayed also metric invariance, which provides evidence that the factor, and its 

relationship with the responses to a common set of items, has the same meaning across 

the three age groups. Furthermore, results highlighted that the SSET is scalar invariant 

across age groups, meaning that mean differences in the latent factor catch all mean 

differences in the shared variance of the item (Putnick and Bornstein, 2016). At this level, 

the interpretation of group comparisons is not biased by the presence of confounding 

variables. Since the SSET showed full invariance, observed means of groups can be 

compared across age groups. From the mean comparison of the three age groups, we 

found that the median group did not have significantly lower levels of olfactory function 

than the younger group. Conversely, the elderly group had significantly lower levels than 

the younger group and the median group. This result is in line with evidence 

demonstrating that olfactory function declines with aging (Doty and Kamath, 2014; Masala 

et al., 2018; Hummel and Oleszkiewicz, 2020). In particular, the incidence of the 

dysfunction increases from age 60 onwards (Doty et al., 1984; Shiffman, 1997; Kondo et 

al., 2020), and this explains why the younger group did not differ from the median group. 

Analysis of measurement invariance across sexes showed evidence for configural 

invariance, demonstrating that the SSET is measuring the same construct among males 

and females. Yet, metric invariance was only partially met, given that males displayed 

higher loadings compared to females in the OD subtest. However, the SSET was scalar 
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invariant, indicating that the intercepts, or baseline levels, of olfactory ability are the same 

for both male and female groups. Partial invariance allows meaningful comparison of 

latent means across males and females, and results indicated that they significantly differ 

in olfactory function. In detail, females reported higher scores than males. The same 

result emerged from the comparison of observed means, although the effect size was 

very small. In this case, the comparison of observed means is not particularly problematic, 

but less reliable than the comparison of latent means. Full measurement invariance is 

often not met in all steps, and this leads to accepting as a common practice some 

violations of measurement invariance (such as the release of constraints on loadings 

and/or intercepts) and carrying on analyses using the partial invariant factor (Putnick and 

Bornstein, 2016). Steinmetz (2013) performed a Monte Carlo simulation study to 

investigate whether unequal factor loadings and intercepts affect conclusions on latent 

mean differences and found that metric non-invariance is less problematic while scalar 

non-invariance can lead to weighty misinterpretation of true mean differences. This result 

is important because it confirms that when looking at observed scores (i.e. the raw TDI 

data), our results align with the literature suggesting females’ SSET scores were greater 

than those of men (Brand and Millot, 2001; Oleszkiewicz et al., 2019; Masala et al., 2022). 

For instance, a recent meta-analysis by Sorokowski et al. (2019) indicates that when 

considering observed measures, women perform better than men in all aspects of 

olfactory function tested using the SSET, including OT, OD, and OI. However, these effect 

sizes are small, revealing that sex differences account for less than 1% of the variability 

in the SSET. Furthermore, there is a significant variation in effect sizes when comparing 

the OI subtest of the SSET (Hedge’s g = 0.08) with another commonly used odor 

identification test, the University of Pennsylvania Smell Identification Test (UPSIT) 

[Hedge’s g = 0.3, (Doty et al., 1984b)]. These findings suggest that sex differences in 

olfactory function might be largely influenced by issues of measurement invariance since 

similar tests measuring the same function (UPSIT and SSET's OI) should yield similar 
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sex differences. The availability of datasets with olfactory test scores and sex information 

will help settle this controversy by allowing for the direct testing of observed and latent 

scores.  

In summary, the analysis of measurement invariance suggests that the sum score 

of the SSET can be reliably used to compare observed means across age groups, since 

full invariance was met. With regard to sexes, partial invariance permits meaningful 

comparisons of latent means between males and females. Comparisons of observed 

means are also possible, but less reliable.In the end, the SSET proved to be a valid 

measure of olfactory function. The moderate reliability could be addressed by improving 

the subtests of the Italian version. In this regard, further analyses of the  data using an 

Item Response Theory approach (Embretson and Reise, 2013) would help to evaluate 

whether the items used in the OD and OI have the same discrimination power and 

whether they cover a sufficiently large range of abilities. Indeed, conducting a so-called 

differential item functioning (DIF) analysis based on sex and age can uncover any 

potential biases inherent in the items. 

 

Limitations 

Our study has some limitations. First, the sample tested may not be representative 

of the entire Italian population, given that the sampling strategy used for this study was 

one of convenience. Second, we used a latent variable model perspective, which 

assumes causal relations between measures, and the latent variable is considered as the 

underlying factor that explains the observed variables. 

Future studies using a network analysis approach could open opportunities to 

address the weaknesses revealed here concerning internal consistency.  According to 

this approach, psychological attributes are considered complex systems in which each 

component is in interaction with and influenced by the others, but without a common 

cause that explains them (Guyon et al., 2017; Borsboom et al., 2021). For instance, rather 
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than conceiving OT, OD, and OI as caused by a latent olfactory function, we may 

investigate how these performances may affect each other, and identify which of them 

plays a central role in the network.  

 

Conclusions 

For the first time, we investigated whether the use of the TDI score of the SSET in 

its Italian version is a valid and reliable measure of olfactory function. Unidimensionality 

and tau-equivalence properties are satisfied, enhancing the validity of the SSET. 

However, internal consistency was moderate. Moreover, the TDI score should not be 

used to compare observed means of sex groups directly, but rather latent means should 

be used. Future research is crucial to determine if the SSET reliability can be enhanced 

based on Item Response Theory insights, thereby bolstering the credibility of the SSET 

findings among different groups. 
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