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Abstract

The challenges resulting from increasing digitalization and

globalization require flexible continuing education for

white-collar workers. Especially informal learning becomes

increasingly important in the modern workplace. Practi-

tioners want to promote informal learning among

employees, researchers want to unveil conducive contex-

tual conditions for informal learning, but they lack an appro-

priate, validated measure. Based on the octagon model of

informal workplace learning (Decius et al., Human Resource

Development Quarterly, 2019, 30, 495–535) and an existing

24-item scale for blue-collar workers, we present a short

version of eight items for use among white-collar workers.

Using three independent samples of 695, 500, and 3134

German employees, we show that the second-order factor

structure—following the multidimensional octagon model—

has a better fit compared with a model in which all items

load on a single factor. The short scale is strongly correlated

with the original full scale. The scale's reliability is satisfying

(α = 0.76/0.77/0.85; ω = 0.78/0.78/0.86), considering the

heterogeneous conceptual nature of informal learning.

Regarding criterion validity, we found theoretically

expected correlations with job demands, job autonomy,

knowledge/skill acquisition, age, and self-directed learning
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orientation. Furthermore, the scale reveals measurement

invariance across sociodemographic characteristics of gen-

der and educational background. We also discuss implica-

tions for research and practice of the new informal learning

measure among white-collar workers.

K E YWORD S

informal workplace learning, measure, short scale, validation,
white-collar workers

1 | INTRODUCTION

Develop or die: Organizations in global competition must be able to cope with dynamic and constantly evolving work

environments and adapt quickly (Regan & Delaney, 2011). This is only possible, however, if employees— the heart of

the organization—continuously expand their skills and knowledge through learning. Although formal training is also

important (Bell et al., 2017; Blume et al., 2010), most vocational learning takes place informally (Cerasoli et al., 2018;

Eraut, 2011). According to Cerasoli et al. (2018), informal workplace learning (IWL) consists of “non-curricular behav-
iors and activities pursued in service of knowledge and skill acquisition that take place outside formally-designated

learning contexts. Such activities are predominantly self-directed, intentional, and field-based. Informal learning

behaviors are not syllabus-based, discrete, or linear” (p. 204). Typical informal learning behaviors include applying

one's own solutions to work problems, reflecting on work processes, sharing experiences with colleagues, and seek-

ing feedback on one's own work results (Decius et al., 2019).

Because of the high relevance of IWL, research recently called for a theoretically sound scale to operationalize

this kind of learning (Cerasoli et al., 2018; Jeong et al., 2018). Previous approaches have lacked a theoretical founda-

tion or model basis (e.g., Froehlich et al., 2017; Grosemans et al., 2020; Noe et al., 2013; Wolfson et al., 2018).

Decius et al. (2019), however, presented a newly developed scale for measuring IWL, building on the dynamic model

of informal learning by Tannenbaum et al. (2010), and extending this four-factor model to an eight-factor model

(octagon model of informal workplace learning). Their scale contains eight factors with three items each and allows a

differentiated assessment of IWL. This measure seems to be useful for studies that focus on informal learning. In

case that IWL shall be included only as an additional construct, a 24-item scale might be less feasible, because long

surveys tend to undermine respondents' motivation to complete them (Krosnick, 1999).

Based on these test economic considerations, Decius et al. (2019) also presented a short version consisting of

eight items that cover each factor of the octagon model with one item. However, the authors also mentioned the

lack of validation of this short scale by now. In addition, this original scale was developed for the target group of

blue-collar workers. For the important occupational group of white-collar workers, who account for most of all

employees in Western countries (van Horn & Schaffner, 2003), there is still no empirical validation available. In con-

trast to blue-collar workers “who perform predominantly manual work,” white-collar workers (e.g., employees work-

ing in professional, clerical, managerial or administrative jobs) “perform predominantly ‘brain work’” (Schreurs

et al., 2011, p. 48). White-collar jobs “include more autonomy and more challenging tasks than blue-collar jobs, … are

usually physically lighter, and the risk of accidents is smaller compared to blue-collar jobs” (Toppinen-Tanner

et al., 2002).

Research has shown that blue-collar workers and white-collar workers differ in some occupational constructs

related to learning (cf. Cerasoli et al., 2018; Kyndt & Baert, 2013), including stress and recovery factors, everyday

procrastination, job satisfaction events, and meaningful work perception (Hammer & Ferrari, 2002; Lips-Wiersma

et al., 2016; Locke, 1973; Schreurs et al., 2011), and do not differ in others, for example, burnout (Toppinen-Tanner
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et al., 2002). These differences partly reflect the personal characteristics of the employees and different work

demands of manual and thinking work. A study by Huang (2011) in China and Japan found that white-collar workers

have higher levels of motivational work characteristics (i.e., autonomy, significance, and learning). He argues the rea-

son is that white-collar workers have intellectually more difficult and challenging jobs than blue-collar workers.

However, regarding IWL, we are not aware of any comparative quantitative study. In line with Huang, we assume

that the learning demands of white-collar workers are higher in terms of frequency, but that the basic informal learning

processes of blue-collar workers and white-collar workers hardly differ. In both domains, there is a need to share

knowledge, seek feedback, and reflect on problem-solving (Crans et al., 2021; Decius et al., 2019; Grosemans

et al., 2020; Noe et al., 2013), and in both domains, the social environment, including supervisor feedback, plays an

important role (Decius et al., 2021; Hilkenmeier et al., 2021; Zia et al., 2021). Nevertheless, we consider it necessary to

first validate a scale developed for blue-collar workers in the white-collar context before it can be used regularly.

In this study, we thus examine whether the IWL short scale by Decius et al. (2019) for blue-collar workers is a

valid and reliable instrument for use among white-collar workers. We focus on the instrument's criterion validity and

construct validity, considering factorial, convergent, and discriminant validity. For our validity hypotheses, we rely on

the demand–control–support model (Karasek & Theorell, 1990) and the framework of learning outcomes by Kraiger

et al. (1993). Consequently, our validation results additionally strengthen the nomological network of IWL (Cerasoli

et al., 2018). We analyze three independent samples of white-collar workers using structural equation modeling

(SEM), also checking for measurement invariance across sociodemographic characteristics of gender and educational

background.

By validating a short scale for capturing IWL among white-collar workers, we enable the scientific community to

investigate IWL more thoroughly in quantitative empirical studies. The advantage of our short scale is that it ade-

quately reflects the content breadth and multidimensionality of IWL by considering all eight conceptual components

of the underlying octagon model with one item each. Using our new validated short scale, scholars can measure IWL

as an additional construct beyond their actual research question instead of overburdening their respondents with

the long version of an IWL scale or deciding against including IWL in the questionnaire for test economic reasons. In

consequence of more quantitative studies on IWL, we expect a higher quality of future meta-analyses; the only

meta-analysis on IWL to date had to include related constructs of IWL at the expense of conceptual rigor (Cerasoli

et al., 2018). As a further theoretical contribution, we empirically test for the first time the conceptual structure of

the octagon model in a different target group than for which it was developed (i.e., blue-collar workers; Decius

et al., 2019), and thus examine the boundary conditions of the model in terms of generalizability (Busse et al., 2017).

Managers can use the measure to survey the extent of IWL of their employees and to promote IWL individually,

as part of a comprehensive personnel development strategy (Bell et al., 2017; Kraiger & Ford, 2021). Employees can

use the instrument in a self-assessment to find out more about their current informal learning, following a protean

career approach (Hall et al., 2018). Our main contribution thus is to provide science and practice with an economic

measure of IWL for white-collar workers.

2 | THEORETICAL BACKGROUND

2.1 | Existing measures for informal workplace learning

The literature to date contains various instruments for operationalizing IWL, which have been validated with differ-

ent samples and target groups; Table 1 gives an overview. Most measures have been validated with specific samples,

that is, teachers (studies 1, 2, 8 in Table 1), nurses or other hospital employees (studies 3, 11, 13), employees from

manufacturing firms (studies 4, 14, 15), police officers (study 5), managers (studies 6, 7), and socio-educational

employees (study 9). Some studies use generic or combined samples (studies 10, 12, 13, 14, 16). Most studies exam-

ined content validity (studies 2, 4, 5, 7, 9, 10, 11, 13, 14, 15, 16). Some studies give indications of convergent (studies
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3, 6, 9, 10, 13, 15, 16) and discriminant (studies 3, 9, 10, 15, 16) validity as well as criterion validity (studies

3, 10, 15, 16).

Except for the survey on the frequency of different learning activities by Lohman (2005), all measures mentioned

in Table 1 have several subscales; IWL is thus mostly seen as a multidimensional construct. However, not all studies

examined the claimed subscale structure by factor analysis (studies 1 and 5 in Table 1 used exploratory factor analy-

sis only, studies 6–16 used confirmatory factor analysis).

However, the multidimensionality of informal learning is reflected to varying degrees in the scales. All mea-

sures include behavioral components of learning (e.g., trying things out by oneself or sharing experiences with

others). Sometimes cognitive components (e.g., reflection) also play a role (studies 3, 5, 10, 11, 13, 15). Only one

scale considers motivational components (e.g., intrinsic learning intention; study 15). Informal learning, however,

conceptually consists of own experiences and actions, observing the actions of others, receiving feedback from

colleagues and sharing experiences with them, reflecting on own experiences, and having the intention to learn

(Decius et al., 2019; Tannenbaum et al., 2010). This breadth of content of informal learning is only accounted for

by one IWL scale in Table 1 (study 15). This scale is also the only one that builds on a theoretical model: the octa-

gon model of informal workplace learning (Decius et al., 2019). The authors of the other measures used qualitative

case studies and interview results (1, 3, 4, 14), prior (qualitative) studies (2, 4, 5), prior scales (4, 6, 8, 12, 14, 16),

classifications used in practice (9), or literature research only (7, 10, 11, 13), to develop items and determine the

scale structure.

The long version of the instrument by Decius et al. (2019); that is, study 15 in Table 1) contains 24 items in eight

subscales and was validated with German blue-collar workers. The short version, which has not yet been sufficiently

validated, contains eight items. Decius et al. developed the short scale by conducting an explorative factor analysis

with the 24 items of the validated full version of the measure—with the specification to extract only one factor. As a

second step, they selected the item with the highest factor load from the three items of each factor of the octagon

model to ensure complete coverage of all eight IWL components. This short version provides the basis for the scale

validation among white-collar workers in this study.

2.2 | The octagon model of informal workplace learning

The octagon model of informal workplace learning (Decius et al., 2019) is an extension of the dynamic model of

informal learning by Tannenbaum et al. (2010). The model of Tannenbaum et al. (2010) is considered dynamic

because the four factors, experience/action, feedback, reflection, and intent to learn, can trigger each other and can be

run through once or several times in any order during the learning process. According to Tannenbaum et al. (2010),

the learning process is particularly efficient when all four factors are covered in the process.

The octagon model contains the four components of the dynamic model, each of which is further divided into

two subcomponents (see Figure 1): trying/applying own ideas (e.g., experimenting with new solutions to problems)

and model learning (e.g., observing the actions of colleagues, in the sense of social-cognitive theory, Wood &

Bandura, 1989) are assigned to experience/action on the higher-ordered level; direct feedback (e.g., obtaining evalua-

tions of one's own work performance) and vicarious feedback (e.g., exchange of experience without direct reference

to one's own work performance) are assigned to feedback (cf. Tannenbaum et al., 2010); anticipatory reflection

(e.g., planning problem-solving steps in advance) and subsequent reflection (e.g., considering possibilities for improve-

ment after completion of the work task) are assigned to reflection (based on the reflection typology of Schön, 1983);

and extrinsic intent to learn (e.g., learning for taking advantage of career opportunities) and intrinsic intent to learn

(e.g., learning for the joy of learning) are assigned to intent to learn (in the sense of self-determination theory, Ryan &

Deci, 2000). Thus, the octagon model is a multilevel model with a core factor informal learning, four components on

the first level, and eight components on the second level.
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3 | HYPOTHESES REGARDING CRITERION AND CONSTRUCT VALIDITY

In the following, we present why we use job autonomy (decision latitude), job demands, knowledge/skill acquisition,

and age as antecedents/outcomes of IWL, and self-directed learning orientation as a conceptually similar construct

to test for criterion validity. We also argue why we use the demographic characteristics gender, school type, and edu-

cational level for the examination of construct validity in terms of measurement invariance.

3.1 | Criterion validity

For criterion validity, we first consider two commonly studied work characteristics that are often considered ante-

cedents of learning: job autonomy and job demands (Kyndt & Baert, 2013; Parker, 2017). The job demand–control

model and its successor, the demand–control–support model (Karasek, 1979; Karasek & Theorell, 1990), postulate

that job autonomy and job demands shape the development and learning of employees. Employees in “active jobs”
(i.e., high autonomy and simultaneously high demands) learn and develop especially strongly because both the need

to learn (job demands) and sufficient opportunities (job resources) are given. Literature reviews support this assump-

tion (Taris & Kompier, 2004; Wielenga-Meijer et al., 2010). However, work demands ought not to be excessively

high, as this can reverse the positive learning effect (van Ruysseveldt & van Dijke, 2011).

Due to the sound theoretical foundation, the empirical evidence, and the high practical relevance of job auton-

omy (decision latitude) and job demands—they can be regarded as organizational levers for learning from a manage-

rial perspective (Cerasoli et al., 2018)—we select these constructs for testing criterion validity. As an empirical basis,

we refer to the only meta-analysis published so far on informal learning by Cerasoli et al. (2018). The meta-analysis

showed correlations (ρ; i.e., corrected population correlation) between IWL and control/autonomy (ρ = 0.31) and

between IWL and demands (ρ = 0.13). In line with the demand–control–support model, we expect correlations

F IGURE 1 Octagon model of informal workplace learning. Retrieved from Decius et al. (2019). This is an open
access article under the terms of the Creative Commons Attribution License, which permits use, distribution, and
reproduction in any medium, provided the original work is properly cited
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similar to Cerasoli et al.'s results between IWL and job autonomy (decision latitude) and between IWL and job

demands in our study. We, therefore, assume a lower correlation between IWL and job demands, compared with

IWL and job autonomy.

Hypothesis 1. IWL and job autonomy (decision latitude) show a moderate positive relationship.

Hypothesis 2. IWL and job demands show a low positive relationship.

In principle, it can be assumed that learning leads to learning outcomes under appropriately positive conditions.

For criterion validity, we, therefore, consider knowledge/skill acquisition as a typical learning outcome that covers

the first two dimensions of Kraiger et al.'s (1993) established framework of learning outcomes, distinguishing cogni-

tive (e.g., amount of knowledge), skill-based (e.g., performance), and affective (e.g., attitudes) learning outcomes. Spe-

cifically, crucial workplace learning outcomes include core skills and professional competence (Cerasoli et al., 2018;

Crouse et al., 2011; Decius et al., 2021; Park et al., 2020). For instance, Rowold and Kauffeld (2008) found positive

predictive associations from IWL to professional, social, and method competence as a result of multiple regression

analyses. Decius et al. (2021) showed a positive relationship between IWL and newly acquired competency. Cerasoli

et al. (2018) meta-analytically revealed a positive correlation between IWL and knowledge/skill acquisition

(ρ = 0.41). In our study, we expect a similarly high correlation between these constructs.

Hypothesis 3. IWL and knowledge/skill acquisition show a moderate to high positive relationship.

As a further validity criterion, we consider employee age. Kyndt and Baert (2013) noted that there is a general

consensus in research on the negative relationship between age and formal workplace learning. The reason for this

is assumed to be that the knowledge gained from experience increases with age, so that further learning is not

unimportant, but subjectively loses value for the employee. In particular, the learning intention seems to be less prev-

alent among older employees (e.g., Sanders et al., 2011). For age and IWL, however, results are rather mixed (see

Kyndt & Baert, 2013, for an overview). Nevertheless, some studies have also shown a decrease in IWL with age

(e.g., Livingstone & Stowe, 2007; van der Klink et al., 2014). Chan and Auster (2003) showed that subjectively per-

ceived age correlates even more negatively with IWL than chronological age. Cerasoli et al.'s (2018) meta-analysis

also demonstrated a slight negative correlation between age and IWL (ρ = �0.07). Following these empirical findings,

we expect a similar association in our study.

Hypothesis 4. IWL and age show a low negative relationship.

As a particular aspect of criterion validity, we examine the relationship of the IWL short scale with a conceptu-

ally related workplace learning construct: self-directed learning orientation (SDLO). SDLO refers to “a tendency to

take an active and self-starting approach to learning activities and situations and to persist in overcoming barriers

and setbacks to learning” (Raemdonck, Meurant, et al., 2014, p. 87). SDLO is considered a relatively stable construct

that favors employees' recognition and active taking of learning opportunities in their daily work lives (Gijbels

et al., 2010). Employees who show a fundamental willingness to learn and seize learning chances should be

predestined for informal learning, which exhibits a high degree of self-direction. Research indeed showed medium to

high correlations between IWL and SDLO (r between 0.33 and 0.61), considering SDLO as an important learning pre-

dictor (Decius et al., 2021; Gijbels et al., 2010; Gijbels et al., 2012; Raemdonck, Gijbels, et al., 2014). We expect that

IWL and SDLO, although two distinct constructs, are strongly connected.

Hypothesis 5. IWL and SDLO show a strong positive relationship.
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3.2 | Measurement invariance

To test construct validity, we investigate whether the IWL short scale proves to be invariant across different demo-

graphic subgroups. In order to reasonably compare group means, at least configural, metric, and scalar measurement

invariance is required (Sass, 2011; Vandenberg & Lance, 2000). We selected sociodemographic characteristics for

invariance testing that researchers often use as control variables for empirical studies in learning contexts: gender

and educational background. In reviews (Kyndt & Baert, 2013; Park et al., 2020) and the meta-analysis by Cerasoli

et al. (2018), no consistent, substantial influences of these variables on IWL were found. Neither is there any theo-

retical reason to expect such effects. The IWL short scale should achieve constant measurement accuracy regardless

of demographic influences. Therefore, the following three hypotheses regarding the measurement invariance arise:

Hypothesis 6. The IWL scale shows measurement invariance among gender subgroups (male vs. female).

Hypothesis 7. The IWL scale shows measurement invariance among school type subgroups (secondary

school types vs. higher school types1).

Hypothesis 8. The IWL scale shows measurement invariance among educational level subgroups (voca-

tional education/apprenticeship and bachelor's degree vs. master's degree and diploma).

4 | METHODS AND DESIGN

4.1 | Sample 1

We surveyed a sample of 695 employees from white-collar professions in Germany (45.0% male, 55.0% female; age:

M = 36.2, SD = 13.1, Min = 18, Max = 66) on voluntary basis using an online questionnaire, between July 11 and August

6, 2019. Considering the educational background, 2.6% did not finish any systematic vocational education, 43.7% finished

a vocational education, 49.2% got a graduate academic degree, 4.0% miscellaneous. Exactly 61.5% stated that they worked

in their learned occupations, 38.5% had learned another occupation and were now working outside their field of vocational

education. The participants had, on average, 16.4 years of professional experience (SD = 13.6).

IWL was measured using the 24-item scale (Decius et al., 2019), which contains the eight-item short version

(see Table 2). In addition to a demographic part, the questionnaire also contained items to measure job autonomy/

decision latitude (Richter et al., 2000; 3 items, e.g., “I am used to make many independent decisions in my work.”),
job demands (Richter et al., 2000; 3 items, e.g., “There is often a lot of work to be done by me.”), and knowledge/skill

acquisition (Decius et al., 2019; 3 items, e.g., “After I have learned something new for myself, I have a much better

understanding of my tasks at work than before.”). For all items, we used 6-point Likert scales (1 = Not agree at all,

2 = Largely not agree, 3 = Rather not agree, 4 = Rather agree, 5 = Largely agree, 6 = Fully agree).

4.2 | Sample 2

As part of a larger study running from March 1 to March 22, 2021, we conducted a survey of >4000 white-collar

employees. From this dataset, we drew a subset of N = 500 cases using a random algorithm for the present manu-

script (50.2% male, 49.2% female; age: 12.8% between 20 and 29, 22.6% between 30 and 39, 28.0% between

40 and 49, 29.4% between 50 and 59, and 6.6% over 60 years). The subset did not differ significantly from the rest

of the sample in gender, age, and educational background. Considering the educational background, 3.4% did not
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finish any systematic vocational education, 30.8% finished a vocational education, and 65.8% got a graduate aca-

demic degree. Exactly 50.6% worked as professionals and 24.6% as leaders.

IWL was measured with the eight-item short scale; SDLO was measured with a six-item short scale based on

the items of Gijbels et al. (2010). An example item is: “I can spot a good learning opportunity, long before others

can.” The Likert scales used were the same as in Sample 1.

4.3 | Sample 3

We surveyed a sample of 3134 employees from white-collar professions in Germany (49.3% male, 50.7% female;

age: 9.4% between 20 and 30, 24.4% between 30 and 40, 29.0% between 40 and 50, 30.7% between 50 and

60, and 6.4% over 60). Considering the educational background, 2% did not finish any systematic vocational educa-

tion, 39.8% finished a vocational education, and 58.2% got a graduate academic degree. Exactly 74.3% worked as

professionals and 16.6% as leaders. Exactly 29.2% had more than 25 years of professional experience, 14.5%

between 21 and 25 years, 14.8% between 16 and 20 years, 13.9% between 11 and 15 years, 13.4% between 6 and

10 years, 7.9% between 3 and 5 years, and 6.4% less than 3 years.

The online survey was part of a bigger study about important competences in times of Covid-19. Hence, the

study took part between May 28 and June 2, 2020. The eight-item IWL short scale was included as a result measure

for specific degrees of competences. The Likert scale used was the same as in Samples 1 and 2.

4.4 | Analysis strategy

For all three samples, we examined the factorial validity applying a CFA with maximum likelihood method and effects

coding as a scaling approach (Little et al., 2006), using R (version 3.6.2, R Core Team, 2019) and the package lavaan

(Rosseel, 2012). In Sample 1, we imputed missing values (0.1% in IWL items; 3.9% in total) using full information

maximum likelihood (FIML) method, which is recommended for SEM by Kline (2016); Samples 2 and 3 did not con-

tain missing values.

We compared two competing models (see Figure 2): Model A consists of the eight items that load onto the gen-

eral factor IWL. Each item represents one IWL component from the lowest level of the octagon model. Model B

contains—as an additional level—the four factors, experience/action, feedback, reflection, and intent to learn, from the

frameworks of Tannenbaum et al. (2010) and Decius et al. (2019). Following the octagon model, two items from the

eight-item short scale are assigned to each of the four factors in Model B: trying/applying own ideas (TA) and model

learning (ML) to experience/action; direct feedback (DF) and vicarious feedback (VF) to feedback; anticipatory reflec-

tion (AR) and subsequent reflection (SR) to reflection; and extrinsic intent to learn (EI) and intrinsic intent to learn

(II) to intent to learn. Model A thus shows a 1–0–8 structure; Model B reproduces the structure of the octagon model

and shows a 1–4–2 structure (Figure 2). We also checked the reliability of the IWL scale for both samples consider-

ing the values for internal consistency (Cronbach's alpha, McDonald's omega).

Using Sample 1, we tested the hypotheses 1–4 regarding criterion validity, applying SEM in lavaan (Rosseel, 2012).

We modeled the latent relationships of job demands, job autonomy (decision latitude), knowledge/skill acquisition, age,

and IWL. Using Sample 2, we examined the criterion validity of IWL with SDLO (hypothesis 5), also with SEM in a latent

model. Using Sample 3, we applied CFA multi-group comparisons to test for the hypotheses 6–8 regarding construct

validity, that is, measurement invariance among male and female white-collar workers, and among different school

types and educational backgrounds. We investigated three levels of measurement invariance needed for group mean

comparisons—configural, metric, and scalar invariance (Vandenberg & Lance, 2000)—by comparing the model fit of each

higher level of invariance to the next lower level. Configural invariance implies that the model structure in the different

groups fits the data equally well; metric invariance implies additionally that the factor loadings of the manifest indicators
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(items) on the latent constructs are equally high in the different groups; scalar invariance additionally implies that the

intercepts of the manifest indicators are equally high in the different groups.

5 | RESULTS

Table 2 provides the descriptive statistical results for the eight items of the IWL short scale in all three samples. All

absolute values for skewness and kurtosis are <2, indicating approximate normal distribution of the underlying data

(Cain et al., 2017; Kline, 2016, p. 76).

F IGURE 2 Results for two competing confirmatory factor analysis models in Sample 3. N = 3134. Coefficients
presented are standardized factor loading coefficients. For the sake of clarity, residual coefficients are omitted. AR,
anticipatory reflection; DF, direct feedback; EI, extrinsic intent to learn; II, intrinsic intent to learn; ML, model
learning; SR, subsequent reflection; TA, trying/applying own ideas; VF, vicarious feedback
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Note that in Sample 1, the eight items were measured as part of the 24-item total scale, while in Samples 2 and

3 only the eight-item short scale was used. Based on the Sample 1 data, the eight-item short scale correlates with

the 24-item total scale by r = 0.94, as well as with the 16-item remainder scale (total scale without the eight items

of the short scale) by r = 0.87. The high correlations imply that the more economical short scale captures the con-

struct of informal learning very similarly to the long version.

5.1 | IWL model structure

For model fit evaluation, we relied on χ2 and the following global model fit criteria recommended by Kline (2016,

p. 269): comparative fit index (CFI), standardized root mean square (SRMR), root mean square error of approximation

(RMSEA). According to Weston and Gore (2006), the minimum requirements for a decent model are these values:

CFI ≥0.90, RMSEA ≤0.10, and SRMR ≤0.10; a good fit can be assumed if CFI ≥0.95, RMSEA ≤0.06, and SRMR ≤0.08.

For model comparison, we also used the Akaike information criterion (AIC) and the Bayesian information criterion

(BIC); in both cases, a lower value indicates a superior model (Kline, 2016, p. 287).

The results of the comparison of Model A (in which the eight items load on a latent general factor IWL) and

Model B (in which two items load on a latent IWL component and the four IWL components load on a latent general

factor IWL) are shown in Table 3. Model A did not provide a satisfactory fit and failed to meet the minimum require-

ments. Model B proved to be superior and yielded a good fit.

The structures of the competing models are shown in Figure 2, along with the standardized factor loadings

based on Sample 3. The factor loadings in the superior Model B vary in a satisfactory range between 0.49 and 0.84

(Sample 1) respectively, 0.42 and 0.88 (Sample 2) respectively, 0.56 and 0.89 (Sample 3) at the lower (indicator) level,

and between 0.66 and 0.96 (Sample 1) respectively, 0.49 and 0.96 (Sample 2) respectively, 0.63 and 0.96 (Sample 3)

at the higher level.

Table 4 provides an overview of the mean scores, standard deviations, correlation coefficients, and internal consis-

tency values between Sample 1 variables. The reliability of the IWL scale in Sample 1, ɑ = 0.76 and ω = 0.78, is rather sat-

isfactory (Hair et al., 2010)—comparable to the value of ɑ = 0.79 in Decius et al.'s (2019) study with blue-collar workers—

especially if one considers the scale's heterogeneity in terms of content. The reliability values in Sample 2, ɑ = 0.77 and

ω = 0.78, and in Sample 3, ɑ = 0.85 and ω = 0.86, are even higher.2 The item-total correlation corrected (discriminatory

power) ranges from 0.35 to 0.57 (Sample 1), from 0.34 to 0.57 (Sample 2), and from 0.49 to 0.70 (Sample 3), respectively—

in the optimal range for validity and reliability from 0.30 to 0.80 (Lienert & Raatz, 1998, p. 255).

Following methodological recommendations (Farrell, 2010; Fornell & Larcker, 1981), we calculated the aver-

age variance extracted (AVE) for IWL, job autonomy (decision latitude), job demands, and knowledge/skill acquisi-

tion in Sample 1 based on the latent factor loadings (except for the demographic variable age), and the shared

variance (SV; i.e., the squared correlation) across the constructs. An AVE value >0.50 provides evidence of conver-

gent validity (Hair et al., 2010). AVE values that are greater than SV values between two constructs provide evi-

dence of discriminant validity (Farrell, 2010). Since the AVE values of the constructs in Sample 1 are >0.50,

ranging between 0.54 (job autonomy) and 0.79 (IWL; knowledge/skill acquisition), this indicates convergent valid-

ity. The SV values between the constructs range between 0.03 (job demands and knowledge/skill acquisition) and

0.40 (IWL and knowledge/skill acquisition); so, all AVE values are higher than the SV values, which indicates dis-

criminant validity.

5.2 | Criterion validity

Using an SEM based on Sample 1 data to examine the hypotheses 1–4 of criterion validity, which we consider as

antecedents/outcomes of IWL, we modeled the constructs IWL, job autonomy (decision latitude), job demands,
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knowledge/skill acquisition, and the demographic variable age as covariant. The model resulted in an acceptable fit,

χ2(125) = 527.793, p < 0.001; CFI = 0.906; SRMR = 0.066; RMSEA = 0.068, 90% CI = [0.062, 0.074]. The CFA rev-

ealed the following latent correlations of IWL with the other constructs (in brackets are the meta-analytical corrected

population correlations from Cerasoli et al., 2018, as comparison values): job autonomy 0.51 (0.30); job demands 0.24

(0.13), knowledge/skill acquisition 0.63 (0.41); age � 0.11 (�0.07). All relationships are significant (p < 0.001; except

for age, p = 0.003). The tendency of the findings is basically consistent with the meta-analysis; for instance, analo-

gous to Cerasoli et al. (2018), our study shows a significantly higher association of job autonomy with IWL compared

with job demands with IWL. These results provide evidence for hypotheses 1, 2, 3, and 4.

To examine the relationship of IWL with the conceptually related construct SDLO (hypothesis 5), we calculated

the latent correlation between IWL and SDLO using SEM, based on Sample 2 data. The model showed an acceptable

fit, χ2(72) = 199.847, p < 0.001; CFI = 0.940; SRMR = 0.046; RMSEA = 0.060, 90% CI = [0.050, 0.069]. As

expected, the correlation was high (0.70); thus, hypothesis 5 is supported. In addition, we calculated the values for

AVE and SV (as in Sample 1). The AVE of IWL is 0.69, and of SDLO it is 0.45. Because the AVE of IWL is higher than

the SV of the two constructs (0.49), we can consider IWL a distinct construct despite its high correlation with SDLO.

5.3 | Measurement invariance

Table 5 presents the results of the measurement invariance tests with Sample 3 data for the superior IWL Model B,

separately for the three demographic characteristics gender, school type, and educational level. All models of con-

figural invariance have a strong model fit, so we can assume configural invariance for the characteristics. Setting the

item loadings equal across the subgroups (male vs. female; secondary school types vs. higher school types; vocational

education/apprenticeship and bachelor's degree vs. master's degree and diploma) did not significantly change the

model fit, so we can assume metric invariance. If, additionally to the loadings, the intercepts over the subgroups are

set equal, there are no significant changes for gender and educational level either; we can therefore assume scalar

invariance for these characteristics. For school type, however, there was a significant decrease in χ2 (Δχ2 = 9.912,

p = 0.042) when comparing the scalar invariance model with the metric invariance model. We thus examined if there

is at least partial scalar measurement invariance, considering the modification indices and theoretical insights

(Vandenberg & Lance, 2000). The highest modification index3 regarding the intercepts (6.87) was found for the item

extrinsic intention to learn (i.e., “I want to learn something new at work for myself because then I can pursue my

career at the company”). It seemed conceptually plausible that there could be different levels of employees' career-

oriented learning intention among lower and higher school types. This assumption is in line with previous empirical

research (Kyndt, Onghena, et al., 2014). Therefore, when testing for partial scalar measurement invariance, we

removed the equality constraint for the intercepts of this item across the two school type subgroups. The

TABLE 4 Means, SDs, and correlations among Sample 1 variables

Construct M SD 1 2 3 4 5

1. Informal workplace learning 4.53 0.70 (0.76/0.78)

2. Job autonomy (Decision

latitude)

4.35 1.09 0.32*** (0.78/0.78)

3. Job demands 4.06 1.04 0.16*** 0.28*** (0.81/0.81)

4. Knowledge/skill acquisition 4.80 0.88 0.50*** 0.33*** 0.14*** (0.92/0.92)

5. Age 36.15 13.14 �0.12** 0.23*** 0.15*** 0.00 -

Note: N varies between 594 and 695. Internal consistency values (Cronbach's alpha/McDonald's omega) are reported in

parentheses. For informal workplace learning, these values refer to the structure of Model B.

**p < 0.01, ***p < 0.001.
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comparison of this adapted model with the metric invariance model did not result in a significant difference in model

fit so that we can assume partial scalar invariance. Overall, these results provide evidence for hypotheses 6 and 8 on

measurement invariance for the characteristics gender and educational level. Hypothesis 7 on measurement invari-

ance for school types, however, can only be supported partially.

6 | DISCUSSION

Our results show that the IWL short scale is a reliable, valid, and economic instrument for white-collar workers. By

transferring the short scale of Decius et al. (2019) from the blue-collar context to the white-collar context and subse-

quently validating it, we took up the original scale authors' suggestion: “The measure for blue-collar workers … can

serve as a starting point for the development of this instrument [for white collar workers]. … Research has to exam-

ine the scale's transferability to other target groups and contexts in the future” (p. 521). The validation for white-

collar workers—who represent the majority of all employees (van Horn & Schaffner, 2003)—offers a high degree of

generalizability and broad applicability of this measure in many business sectors. However, for informal learning in

contexts other than white-collar workers, adaptations of the scale may be necessary. Decius et al.'s (2019) scale, for

instance, has also been used in modified form among soccer referees (Paulsen & Decius, 2018) and students in

TABLE 5 Measurement invariance results for informal workplace learning (Sample 3, Model B)

Characteristic/model χ2 df CFI RMSEA SRMR Comparison Δdf Δχ2

Gender

InvMod 1: Configural

invariance

497.521 32 0.953 0.097 0.046

InvMod 2: Metric

invariance

505.514 36 0.953 0.091 0.047 InvMod 2 versus

InvMod 1

4 7.993†

InvMod 3: Scalar invariance 513.678 40 0.952 0.087 0.048 InvMod 3 versus

InvMod 2

4 8.164†

School type

InvMod 1: Configural

invariance

467.756 32 0.956 0.093 0.045

InvMod 2: Metric

invariance

471.194 36 0.956 0.088 0.046 InvMod 2 versus

InvMod 1

4 3.438†

InvMod 3: Scalar invariance 481.106 40 0.955 0.084 0.047 InvMod 3 versus

InvMod 2

4 9.912*

InvMod 4: Partial scalar

invariance (Item EI)

474.220 39 0.956 0.085 0.046 InvMod 4 versus

InvMod 2

3 3.026†

Educational Level

InvMod 1: Configural

invariance

439.590 32 0.956 0.093 0.045

InvMod 2: Metric

invariance

441.772 36 0.956 0.088 0.045 InvMod 2 versus

InvMod 1

4 2.182†

InvMod 3: Scalar invariance 447.182 40 0.956 0.083 0.045 InvMod 3 versus

InvMod 2

4 5.409†

Note: InvMod, Invariance Model. N = 3134. CFI, comparative fit index; EI, extrinsic intention to learn; RMSEA, root mean

square error of approximation; SRMR, standardized root mean square.
†Nonsignificant, *p < 0.05.
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higher education (Decius & Schaper, 2019). Analogously, we recommend not to overestimate the generalizability of

our IWL short scale and to consider adaptations and further validations depending on the application domain.

We would like to emphasize the satisfying internal consistency of the scale, especially although the items are

heterogeneous and capture a multidimensional construct. Each item represents a component of the octagon model

of informal workplace learning by Decius et al. (2019). Since the scale contains only eight items, it is adequately

applicable also for studies that do not focus on IWL. Nevertheless, the short scale shows a high correlation with the

long version; this indicates that despite the reduction in the number of items, the construct IWL is still adequately

covered. The results of Sample 1 reveal the theoretically and empirically expected correlations of IWL with other

constructs. Hypotheses 1, 2, 3, and 4 are supported, which indicates criterion validity. The short scale is also associ-

ated with SDLO as expected (hypothesis 5) but is also a distinct construct. In addition, we found measurement invari-

ance among the demographic characteristics of subgroups for gender (hypothesis 6) and educational level

(hypothesis 8), and partially for school type (hypothesis 7). An important strength of our study is the large and het-

erogeneous samples of white-collar workers (Sample 1: N = 695, Sample 2: N = 500; Sample 3: N = 3134). In the

following, we discuss some limitations of our study and present implications for theory and practice.

6.1 | Limitations

The first limitation is that we only examined specific aspects of validity. For example, we did not investigate the pre-

dictive validity of the scale regarding performance criteria. Future studies could address this in longitudinal designs

and include objective performance data and external judgments by supervisors in addition to self-reported data. Fur-

thermore, the validation of a scale is not completed with the examination of psychometric criteria: further research

might evaluate the consequential validity of the scale, that is, determine whether the scale is used in the intended

sense and what consequences are drawn from the measurement results during application (Messick, 1995).

The second limitation relates to the survey methodology: We measured IWL and the three criteria job autonomy,

job demands, and knowledge/skill acquisition in Sample 1—and IWL and SDLO in Sample 2, respectively—

simultaneously in one questionnaire. Therefore, we cannot rule out common method variance (Podsakoff

et al., 2003). However, this only applies to testing the criterion validity based on Sample 1 and 2 data.

The third limitation addresses the measurement invariance test: While we found configural, metric, and scalar

measurement invariance for gender and educational level, we found only configural, metric, and partial scalar mea-

surement invariance for school type. Therefore, we cannot conclude with certainty that the scale works equally well

in different subgroups of school type. However, further analysis showed that only the item for the extrinsic intent to

learn was responsible for the lack of invariance, which we could explain theoretically. Furthermore, the difference in

χ2 between the compared models was rather small.

The fourth limitation concerns the English-language items: Because we surveyed German white-collar workers,

the questionnaire was set up in German. For reporting in this article, we translated the items that differed from the

original version by Decius et al. (2019) using a translation/back-translation procedure (Brislin, 1986). However, the

validation of the English version is still pending. Research on cultural differences in IWL is scarce, but there is evi-

dence of cultural influences, for example, on feedback-seeking behavior (comparable to the octagon model compo-

nent direct feedback; Sully De Luque & Sommer, 2000). A future validation of the IWL short scale in English-speaking

and other non-English-speaking contexts would, therefore, be a further milestone for IWL research.

The fifth limitation refers to the IWL scale used in Sample 1: Here we used the 24-item long scale, which con-

tained the eight items of the short scale. In contrast to the questionnaire in Samples 2 and 3, the eight items were

not presented in sequence. We assume that this is one reason for the slightly lower reliability of the short scale in

Sample 1. A strength of this approach, however, is that it enabled us to evaluate the association between the short

scale and the long scale. The high correlation indicates a reasonable coverage of IWL by the short scale. In addition,

we would like to note that we referred to the short version of the scale from Decius et al. (2019) when selecting
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items. Our goal here was to establish consistency with previous research rather than, for instance, using the long ver-

sion of the scale for a new, independent selection of items for the short scale.

6.2 | Theoretical implications

By validating the IWL short scale for white-collar workers, we present an economic measure for research to

operationalize IWL as a control variable or moderator when the study focus is not on IWL. To our knowledge, our

scale is currently the only short scale that operationalizes IWL as a multidimensional construct based on a theoreti-

cally sound model, including behavioral, cognitive, and motivational components of IWL. Researchers can use our

scale for multiple purposes, including empirical research on IWL antecedents and outcomes, effectiveness evaluation

of IWL enhancing interventions, and longitudinal measures of change in IWL over shorter (daily measures) to longer

(monthly or yearly measures) time periods. The main contribution of our study is, therefore, to provide a broadly

applicable scale to overcome the fragmentation of IWL research. In doing so, we build on the conclusion of Cerasoli

et al. (2018), who noted:

One critical need is the development and validation of a measure of [IWL]. To date, a wide variety of

measures of [IWL] have been employed, with less consistency than desirable across studies. The use

of a well-articulated and validated measure of [IWL] would permit better comparability across studies

and accumulation of knowledge. (p. 224)

As a long-term theoretical contribution, we expect that the availability of a valid and reliable short scale will

enhance the quantity of primary research on IWL and positively impact the quality of future meta-analyses. The

quantity of correlations available for meta-analyses should also increase if studies include IWL as an additional con-

struct, which would not have done so in the absence of an economic short scale. The sole comprehensive meta-

analysis to date on informal workplace learning (Cerasoli et al., 2018) had to deal with the disadvantage that the pri-

mary studies operationalized IWL in several different ways. Hopefully, we can shift the scholarly focus from concep-

tual discussions (proposing fragmented conceptualizations of IWL) to methodological and empirical ones (identifying

and testing antecedents, consequences, and moderators of IWL). The interactions between different forms of learn-

ing (e.g., IWL, formal learning, and self-regulated learning; see Choi & Jacobs, 2011; S. Richter et al., 2020) could also

move closer into the research focus; our short scale could contribute to this.

Furthermore, the validation of the short scale in our study goes beyond the approach of Decius et al. (2019),

who presented the short scale for blue-collar workers without examining a second-order structure within the eight

items. The octagon structure in our study proved to be superior to a model in which all items load on a single latent

factor. Thus, another contribution is the confirmation of the theoretical model structure of the 24-item scale for the

eight-item short scale. We thereby extend existing knowledge on the boundary conditions of the octagon model in

terms of its generalizability for white-collar workers (Busse et al., 2017). Future studies should pay more attention to

the multidimensionality of IWL—however, scholars should also distinguish IWL more concisely from related con-

cepts, such as self-regulated learning (Sitzmann & Ely, 2011). A concrete implication for researchers using the short

scale in a latent structural equation model is to consider the theoretically reasonable second-order structure of the

octagon model.4

Our validation results—in line with Cerasoli et al. (2018)—also add further evidence to the IWL research body

regarding the coherence of learning-related hypotheses from the demand–control–support model (Karasek &

Theorell, 1990) and the framework of learning outcomes (Kraiger et al., 1993). While employee age should also be

considered in future studies of IWL at least as a control variable, possible differences in terms of gender, school type,

and vocational education seem to be theoretically and empirically less relevant, consistent with prior research.
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Because the eight items cover the eight components of the octagon model, the scale also offers the opportunity

of using single items as representatives of IWL components in study contexts in which the use of the three-item ver-

sion of each component (Decius et al., 2019) is not possible for test economic reasons. For instance, the item of our

short scale that covers ML could be used in a diary study in which the ML component is repeatedly surveyed. How-

ever, we do not recommend a general use of one-item measures in IWL research unless absolutely necessary, as this

may threaten the measure's reliability (see Fisher et al., 2016, for pros and cons on this topic). In this case, additional

validation of the single items would be desirable.

6.3 | Implications for practice

In addition to research purposes, the scale is also relevant for practitioners to learn more about the IWL of

employees in their own organizations. In times of global challenges such as pandemics, decentralized and flexible

work and leadership structures, and increasing home office hours, IWL continues to gain importance due to its

dynamic nature compared with formal learning (Watkins & Marsick, 2021). Furthermore, scholars like Autor and

Dorn (2013) emphasize the polarization of labor markets toward more high-skilled and more low-skilled work and a

trend away from the traditionally strong medium-skilled jobs (which may be replaced by artificial intelligence solu-

tions). While high-skilled jobs typically cover information technology, sales, and consultancy (with a high need for

creativity and innovation), low-skilled work consists of personal services that cannot be replaced digitally. From a

medium-skilled employee's perspective, a high degree of IWL may be an important step for the move from medium-

to high-skilled work and to avoid a downgrade into low-skilled work. This might also be in the interest of leaders

responsible for the professional development of their work teams, as learning-committed leadership has been shown

to be an important organizational contextual factor for employees' workplace learning (Ellinger & Cseh, 2007).

Managers should also promote IWL, because IWL “can be used as a low-cost alternative to, or perhaps in con-

junction with, formal learning to improve employee performance” (Wolfson et al., 2019, p. 1283). IWL is linked to

positive outcomes that benefit both employees and the organization. These include knowledge-related aspects such

as professional competence, attitudes such as job involvement, and behaviors such as organizational citizenship

behavior, performance, or innovative work behavior (Cerasoli et al., 2018; Decius et al., 2021; Gerken et al., 2018).

However, formal training remains important as training practices are associated with job and organizational perfor-

mance (Ferguson & Reio, 2010), and as training participation followed by reflection processes can increase IWL in

employees through a positive spillover effect (S. Richter et al., 2020). Training programs can also help employees

become more aware of IWL components and more quickly identify learning opportunities in their daily work

(Cerasoli et al., 2018). Professionals in human resource development can use the short scale to evaluate training pro-

grams to promote IWL. For these evaluations, an economic measurement tool is beneficial to take repeated mea-

sures (e.g., pre and post)—our eight-item scale meets this requirement.

The practical implications of providing a validated IWL short scale for white-collar workers thus are twofold. At

a tactical level, supervisors can use our short scale to evaluate how widespread informal learning occurs in their

workgroup. Based on this assessment, they can support each of their employees individually depending on their cur-

rent IWL status. At a corporate level, the learning and development department can identify where to invest

resources in fostering IWL most suitable based on their employees or the work performed. Built on these findings, a

contribution can be made to achieving efficiency and effectiveness in creating an optimal learning culture in the

learning organization (Watkins & Kim, 2018). This could include, for instance, the provision of resources (e.g., time,

virtual learning tools, structures for social support) or the design of job requirements (Parker, 2017).

Overall, our IWL short scale contributes to a better understanding of IWL in research and practice. We encourage

scientists to take IWL more into account in their studies to expand the research body in the near future. Additionally,

we encourage practitioners to take a closer look at IWL among their employees and foster this form of learning, which

might become increasingly important for individual and organizational development in the next decades.
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ENDNOTES
1 The participants with the German school leaving certificate “Hauptschulabschluss” and “Realschulabschluss” represented
the subgroup secondary school types; the participants with the German school leaving certificate “Fachhochschulreife” and
“Allgemeine Hochschulreife” represented the subgroup higher school types.

2 One reason could be that in Sample 1 the 8-item short scale was measured as part of the 24-item total scale, while in Sam-

ples 2 and 3 only the 8-item short scale was used (i.e., the eight items were presented consecutively).
3 All other modification indices regarding the intercepts ranged below the “χ2 critical value of 3.84” (Whittaker, 2012,

p. 27), with the item direct feedback having the largest value (1.97).
4 Since only two items are combined to form a latent factor at the higher level, the same statistical effect occurs if the

researcher—instead of setting up a higher-order model—allows the two items of a factor to correlate with each other.

Even if there is no difference in the results of the two modeling approaches, the latter may be easier to implement.
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