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Measurement instruments are the foundation for empirical research in the social sciences. Instruments are necessary
for measuring latent constructs such as cognitive and non-cognitive skills in the Programme for the International
Assessment of Adult Competencies (PIAAC), personality characteristics in studies such as the International Social
Survey Program (ISSP), or attitudes in international studies such as the European Social Survey (ESS). Measurement
instruments also allow researchers, practitioners, and policy makers to describe individuals, groups, or societies, to
assess patients in clinical settings, or to select, classify, or assist in the remediation of workers and students. Many
policy, research, and applied decisions depend on measurement instruments and the quality of these decisions depends
on the quality of the instruments, which is closely entwined with the scale development process (Ziegler, 2014). The
aim of this editorial is to describe challenges and new developments in scale construction and discuss how they can
facilitate the quality of measurement instruments.

Developing measurement instruments is a multi-step approach (American Educational Research Association, 2014;
Rammstedt et al., 2015; Ziegler, 2014). First, the construct, the intended use of the instrument, and the targeted
population should be defined and documented (e.g., in a test blueprint). Subsequently, items are generated, and
selected, and finally psychometric qualities such as reliability, validity, and fairness of score interpretations resulting
from the measures are evaluated. If necessary, norms are provided and then, the development process is documented.
Each step in the scale construction process helps to shape and sharpen the instrument but also brings challenges that
can compromise the psychometric properties of the instrument in question. Usually, we cannot optimize reliability,
validity, and fairness to the same extent, because the most reliable items may not yield the most valid or fairest test
score interpretations. However, the intended use of the measure should determine which of the quality aspects is most
important. In most cases, the validity of a test score interpretation will be seen as most important. In some cases, the
reliability of a test score interpretation might be particularly important for individual assessment whereas cross-cultural
fairness might be particularly important for international studies such as PIAAC or the ESS. The way we address
challenges in scale construction and the way we generate and select items will facilitate reliability, validity, and
fairness in different ways. Subsequently, we will discuss response styles, appropriate reliability estimation, and
measurement invariance as three key challenges in scale construction.

Current Challenges Response Styles

Response styles such as acquiescence (Paulhus, 1991), extreme responding (Baumgartner & Steenkamp, 2001), or
faking (Ziegler, MacCann, & Roberts, 2011) are answering tendencies that manifest in the items but are independent
of the construct to be measured. Thus, response styles can threaten the validity of measures and bias mean scores,
correlations, and the factor structure of personality inventories (e.g., Danner, Aichholzer, & Rammstedt, 2015;
Rammstedt & Farmer, 2013; Wetzel, Bohnke, Carstensen, Ziegler, & Ostendorf, 2013; Ziegler, 2015). Response styles
can be triggered by the ways items are generated. For example, generating items based on a scientific theory can lead
to complex formulations which, in turn, can facilitate acquiescent responding (McBride & Moran, 1967; Trott &
Jackson, 1967), especially in samples with heterogeneous educational background (Rammstedt & Farmer, 2013) or
heterogeneous age (Soto, John, Gosling, & Potter, 2008). Likewise, ambiguous response categories can trigger
extreme or midpoint responding (Moors, Kieruj, & Vermunt, 2014; Weijters, Cabooter, & Schillewaert, 2010). Hence,
controlling response styles by optimizing the way we generate items or by changing the way we design response scales
is one challenge for future scale construction. We will discuss cognitive pretests and anchoring vignettes as two
promising avenues that can help to address these issues.

Finding the Appropriate Reliability Estimation Method
Reliable interpretations of scores reflect systematic individual differences and allow describing individuals accurately
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and investigating the association with other variables. There are multiple ways to estimate the reliability of a measure
like the items' internal consistency, the splithalf method, or the test-retest method. These different methods make
different assumptions about the underlying measurement model (Graham, 2006) and the way we generate and select
items influences which method is best to use. For instance, items that have been selected based on item-total
correlations or factor loadings are typically homogenous and suitable to measure unidimensional, narrow constructs
while maintaining the assumption of t-equivalence. In such instances, estimates for the items' internal consistency, like
Cronbach's o, McDonald's 2 (McDonald, 1999), or Raykov's p (Raykov, 1997), can be suitable estimation methods.
However, items that have been selected based on expert ratings or correlations with external criteria tend to be more
heterogeneous or even multidimensional and in such instances methods like split-half correlations or test-retest
correlations can be more appropriate. The same is true for scores representing heterogeneous constructs. The
underlying items need to be as heterogeneous as the construct itself. Here, a large number of items are needed in order
to obtain a satisfactory internal consistency. Other methods might yield much better estimates with fewer items
needed. However, no method is a silver bullet: using split-half correlations requires that the test halves are parallel and
using test-retest correlations requires that the measured construct is stable over time. The challenge is in finding the
reliability estimation method that fits best with the underlying measurement model and the intended use of a measure.
For example, measures used to make prognoses should provide a stability estimate like test-retest correlations. We will
discuss that incorporating the fit of the underlying measurement model in the item selection process can help to master
that challenge and find the appropriate reliability estimation method.

Ensuring Measurement Invariance

Meaningful comparisons between groups can only be made if measured scores have the same meaning across groups
(Chen, 2008). Especially in studies such as PIAAC or the ESS, between-country comparisons can only be made if the
measured construct and the items have the same meaning across countries. The foundation for measurement invariance
(Vandenberg & Lance, 2000) is laid when items are generated. For example, items that are generated based on
prototypes (Buss & Craik, 1980) can only be as invariant as the prototype itself. The rationale of using prototypes is
that persons can be grouped into different categories and there are persons that are perceived to be typical for a certain
category. However, even prototypes such as Donald Trump who may be seen as a prototypical narcissist by most
people may be perceived differently by others and hence, items that are generated based on such a prototype may not
be measurement invariant across different groups. The same argument applies for other item generation approaches
such as theory-based approaches where items are generated according to a scientific model or lexical approaches
where items are generated based on extensive literature reviews. The resulting measures will only be as invariant
across groups or cultures as the theory, the model, or the literature review itself (e.g., Thalmayer & Saucier, 2014).
Hence, an additional challenge for future scale construction is in incorporating steps to ensure measurement invariance
of items in an early stage of item generation or item selection. Selecting items based on cognitive pretests (see below)
can be one way to address this issue.

In sum, traditional approaches for generating and selecting items do not explicitly address the problem of response
styles, the question of how the reliability can be estimated best, or how to generate and select measurement invariant
items. However, there have been some innovative developments in scale construction that can help to close these gaps.

New Developments

Improving Items With Cognitive Pretests

As discussed before, item responding might be subject to several methodological problems such as response styles or
lacking measurement invariance. Next, academic language used in item formulations might be particularly prone to
such problems. Methodological and language issues of item responding can be addressed by means of cognitive
pretests (e.g., Beatty & Willis, 2007; Willis, 2004). Cognitive pretests have been conducted in the social science
research to identify respondents' cognitive burden while understanding the question, retrieving relevant information,
obtaining a response, and providing the response onto the response options. The same technique has also been applied
to investigate faking (Robie, Brown, & Beaty, 2007; Ziegler, 2011). Cognitive interviewing is a qualitative method,
where according to the aim of the study a small number of persons (usually between 10 and 30) representing the target
population are interviewed. During an interview, the interviewees are asked to reflect upon their response with the help
of further questions or tasks. Probing, for example, is a cognitive pretesting technique directly investigating the
interviewees' understanding of a specific term (e.g., citizen of the world, education system in Germany, a certain type
of work hours) by asking what they were taking into consideration when hearing or reading this term. Another probing
method concentrates on the appropriateness of response formats by asking the respondent why s/he endorsed a specific
response option (see Lenzner, Neuert, & Otto, 2016 for a practical guideline). Identifying how items are understood by
the respondents helps to increase the item quality and to reduce invariances across different subpopulations. For
example, in the item ,,To be housewife is as fulfilling as to professionally work® the term ,,fulfilling was found to be



understood by some respondents as ,,time demanding* instead of the intended meaning of ,,satisfactory* or ,,fair.* In
another study, respondents were asked to evaluate their ability to calculate percentages. Some interviewees thought of
performing these calculations only in the mind and thus stated having serious problems while others thought of writing
figures down or using calculators. Without a revision, the presented questions would have measured the target
construct differently in different groups of respondents providing biased results with respect to the true value.

Developing Items With Anchoring Vignettes

Response styles or different frames of references can threaten the comparability of measures and validity of test score
interpretations. Anchoring vignettes offer an innovative approach to control these biases (e.g., Chevalier & Fielding,
2011; Crane, Rissel, Greaves, & Gebel, 2016; King, Murray, Salomon, & Tandon, 2004). In a nutshell, individual
responses are adjusted by means of an anchor generated within the context of the study. Typically, an anchoring
vignette encompasses a hypothetical scenario, for example,

,,Daisy is not capable of dealing with one thing for a long time. She has started to learn an instrument several times,
but after a few weeks of practicing she has quit. This has been the case also with many language courses. In the
morning it is difficult for Daisy to wake up and therefore she is often late for work.“ (Mottus et al., 2012, p. 317).

Subsequently, the respondents are asked to judge the scenarios on a rating scale, for example, from ,,inept* to
,,competent. The same rating scale is used for conventional self-report items and the responses to the anchoring
vignettes are used to rescale the subjects' responses to conventional self-report items. Both nonparametric and
parametric methods have been proposed for rescaling the subjects' responses (Bolt, Lu, & Kim, 2014). The approach
is, however, explicitly or implicitly based on two assumptions. First, all respondents must perceive the concept of
interest in the anchoring vignettes similarly (vignette equivalence; Jiirges & Winter, 2013). Second, the answers
respondents give when using a conventional measurement instrument must be comparable to the answers they give
when using anchoring vignettes (response consistency; Au & Lorgelly, 2014). An additional burden is that the
anchoring vignettes themselves have to be developed, which requires expertise, time, and resources. However, if these
hurdles are overcome, anchoring vignettes can help to increase the reliability and validity of measures (e.g., Primi,
Zanon, Santos, De Fruit, & John, 2016).

Selecting Items Using Iterative Structural Equation Modeling

Relatively new developments are iterative structural equation modeling approaches such as ant colony optimization
(e.g., Janssen, Schultze, & Grotsch, 2015; Leite, Huang, & Marcoulides, 2008; Marcoulides & Drenzer, 2003; Olaru,
Witthoft, & Wilhelm, 2015). The core of these methods is (a) specifying a measurement model, (b) evaluating the fit
of a selection of items with that model, and (c) iteratively changing the selection of items while reevaluating model fit.

This procedure is repeated until an optimal selection of items is found. The number of possible item combinations can
100!
10!x90!
combination could take very long. Thus ant colony optimization does not evaluate all possible combinations of items

but favors items that have been shown to fit in the measurement model. In particular, ant colony optimization starts

be tremendous (e.g., there are possible combinations if we want to select 10 out of 100 items) and testing all

with a random selection of items and marks items with ,,pheromones* (Leite et al., 2008, p. 415) if they fit with the
measurement model. This procedure is repeated and in subsequent iterations items that received many pheromones are
preferably selected.

The particular charm of such iterative approaches is that they are flexible and — in principle — can be used to explicitly
address challenges like response styles, fit with measurement models, and measurement invariance. For example, items
could not only be rewarded for the overall fit with the measurement model but also for their acquiescence specificity
(Danner et al., 2015) or their measurement invariance across educational groups or cultures.

Estimating Reliability With Structural Equation Models

Probably still the most widely used estimator for reliability is Cronbach's o (Cronbach, 1951). This remains so despite the
tremendous amount of criticism this coefficient had to endure (Gu, Little, & Kingston, 2013; Revelle & Zinbarg, 2009; Sijtsma,
2009; Yang & Green, 2011). Even Cronbach himself was doubtful regarding the usefulness of o (Cronbach & Shavelson, 2004).
One of the major issues troubling Cronbach's a is the underlying assumption of t-equivalent indicators (Graham, 2006).
Violations of this assumption yield reliability estimates that are too small. However, Cronbach's a is not without an alternative. Q
(McDonald, 1999) and a variety of different Q versions (Padilla & Divers, 2013; Raykov & Pohl, 2013; Revelle & Zinbarg,
2009; Rodriguez, Reise, & Haviland, 2016; Zhang & Yuan, 2016; Ziegler & Brunner, 2016) have been suggested. The big
advantage of Q is that it does not need t-equivalent indicators for the latent variable. In fact, there are even versions of Q which
can be used for indicators with more than one underlying latent variable (Rodriguez et al., 2016). Thus, using Q ensures that the
reliability estimate for a specific test score representing a specific trait contains only the variance explained by this trait (Brunner
& Siif3, 2005). Moreover, the necessary information needed to estimate Q is derived from the results of structural equation
models. Thus, the assumed theoretical model explaining the data is actually tested before reliability is estimated (Ziegler &
Hagemann, 2015). This way, Q and its versions in a way combine evidence for the reliability and factorial validity of a score



interpretation.

Conclusions

Developing valid and reliable measurement instruments can be challenging, especially facing challenges such as response styles,
complex measurement models, or required measurement invariance. New approaches such as anchoring vignettes, cognitive
pretests, or iterative structural equation models address these challenges and can improve the quality of measurement instruments
and psychological and social research in general. Moreover, changes in the way we estimate coefficients representing the
psychometric properties of a measure such as Q should not be regarded as short-lived eccentricities but rather as potential
lifelines out of psychometric dead ends. At the same time, such new developments should also raise new questions. For example,
whether anchoring vignettes are understood equivalently by all respondents (vignette equivalence), to what extent changing items
based on cognitive pretests improves the psychometric properties of these items, or whether iterative approaches such as ant
colony optimization can also be used to optimize test criterion validity or measurement invariance across countries. We hope this
editorial stimulates the discussion, the use, and the advancement of further developments in scale construction.
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