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Abstract 

Starting from the observation that questionnaires for appropriately measuring the changing working conditions 
and requirements of the highly qualified workforce do not exist, we developed a new German-language instrument 
focussing on knowledge work. Based on theoretical considerations, we first identified three basic dimensions that 
constitute knowledge work: novelty, complexity, and autonomy. During the subsequent process of questionnaire 
development with higher education graduates, including a cognitive pretest, a quantitative development study, and 
a replication study, these dimensions were operationalised by initially 173 and finally 22 items. Confirmatory fac-
tor analysis and structural equation modelling of the data of both the development and the replication study show 
that the 22-item instrument validly and reliably measures novelty (4 items), complexity with three subdimensions (9 
items), and autonomy, also with three subdimensions (9 items). An English version of the questionnaire is available. 
However, the empirical test of the English-language questionnaire as well as possible refinements of the measure-
ment instrument, which will be discussed in the final section of the paper, are left to future research.
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1 Introduction
The amount of research output has been rising since dec-
ades. The number of scientific publications increased 
from 455,315 in 1991 (Tindemans 2005) to 733,305 in 
2002 (Hollanders and Soete 2010) and 1,270,425 in 2014 
(Soete et al. 2015). Not only knowledge creation but the 
entire knowledge sector—embracing industries in the 
field of knowledge production, knowledge infrastructure, 
knowledge management, and knowledge mediation—
has grown considerably, both in terms of employment 
and value added (cf. EFI 2020; Rohrbach 2007). At the 
same time, the role of traditional factors of production of 

goods and services such as labour and capital decreased 
(Stehr et  al. 2013), while knowledge and information 
gained considerable importance (Hube 2005). For exam-
ple, the production costs of software are made up almost 
completely of costs for high-skilled labour (ibid.), that 
is, costs for carriers and processors of knowledge. Fur-
thermore, digitalisation and other innovations increase 
the relevance of knowledge throughout different sectors 
and result in a greater complexity of work tasks (Hube 
2005; Spitz-Oener 2006). These changes in the economy 
toward a knowledge-based economy require adjustments 
not only for the management of enterprises (Kablouti 
2007) but also for the workforce and educational institu-
tions (Välimaa and Hoffman 2008).

One of the tasks of higher education is to prepare stu-
dents for the world of work. In Europe, triggered by the 
Bologna Process, this educational function of higher 
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education has been emphasized more strongly during the 
last two decades and employability has become a most 
wanted educational outcome of higher education (Artess 
et  al. 2017; Schaeper and Wolter 2008; Schaeper 2009). 
Thus, educational institutions need to reflect the devel-
opments in the economy and the labour market, to ana-
lyse the job requirements of higher education graduates 
and to discuss their implications for higher education 
institutions (Tiemann 2013; van der Velden and Allen 
2011).

In the past, the demand for academic qualifications 
was often determined by macroeconomic indicators, 
especially economic growth, the association between 
income and the level of qualification or the composition 
of the labour force according to educational qualifica-
tions (Alesi and Teichler 2013; Henseke 2019; Teichler 
2009). The percentage of higher education graduates was 
often taken as an indicator for the knowledge intensity 
of the economy, specific trades, firms or jobs (Tiemann 
2013) and continues to be used as such, for example in 
the German reports on research, innovation and techno-
logical performance (EFI 2020). However, these indirect 
measures do not reflect the actual professional tasks of 
the highly qualified and do not directly assess knowledge 
work. To describe the aforementioned changes in the 
labour market more precisely, the “task approach”, that 
is, the measurement of the job tasks, is considered to be 
more appropriate (Tiemann 2013).

Knowledge work is not an exclusive characteristic of 
the highly qualified labour force but can be found in all 
occupational and qualification groups. However, knowl-
edge work is particularly prevalent among higher edu-
cation graduates (see Spitz-Oener (2006) and Tiemann 
(2013) for Germany; Brinkley et  al. (2009) for the UK). 
Given the generally increased role of knowledge work in 
the economy and its prevalence in graduate employment, 
an instrument suitable for measuring knowledge work 
among higher education graduates can be expected to 
have a high analytical potential and to allow for new and 
more differentiated insights in graduate employment and 
the relationship between higher education and the world 
of work.

Several German-language instruments have been 
developed to collect information on jobs or job tasks. 
Some of these instruments are specifically designed for 
higher education graduates. For example, Braun and 
Brachem (2015) developed a questionnaire for assess-
ing a broad range of generic job-related activities and 
requirements. On the basis of existing questionnaires, 
publications on job requirements and graduate employ-
ment, and interviews, they derived nine dimensions (e.g., 
planning and organising of work processes, promoting 
others, communicating in foreign languages, physical 

performance, dealing autonomously with challenging 
tasks) and operationalised them through 49 items. Thus, 
the questionnaire is quite long and it does not focus on 
knowledge work, although some items could be used to 
measure certain facets of this construct. The interna-
tionally comparative REFLEX project (The Flexible Pro-
fessional in the Knowledge Society; Allen and van der 
Velden 2011), which also included Germany, measured 
job requirements in several dimension (e.g., professional 
expertise, functional flexibility, innovation and knowl-
edge management, mobilisation of human resources,) 
using 29 items (van der Velden and Allen 2011). How-
ever, although the questionnaire is relatively economi-
cal, it does not rely on the task-based job requirements 
approach but asks graduates directly about the compe-
tences required by the job.

Other measurement instruments, which use a task 
approach, are directed towards the general work popu-
lation. For example, Matthes et  al. (2014) constructed a 
48-item questionnaire capturing five dimensions: ana-
lytic tasks (reading, writing, mathematics), interaction 
and communication (e.g., customer contact, counselling), 
manual tasks (physical requirements), task complex-
ity, and autonomy. The instrument has been used in the 
German National Educational  Panel Study (NEPS). The 
Programme for the International Assessment of Adult 
Competencies (PIAAC; OECD 2013), which was con-
ducted in 39 countries, Germany among them, collected 
information on job tasks and activities through 49 items 
organised in eleven task clusters (e.g., reading, writing, 
problem solving, co-operation, influencing, learning, 
physical requirements, task discretion).

Again, these questionnaires are rather lengthy. Like 
the survey instrument proposed by Braun and Brachem 
(2015), they contain some items suitable for measuring 
certain aspects of knowledge work but do not capture the 
broader meaning of the construct. In addition, when col-
lecting data on the general work population the measure-
ment instruments must be able to cover the full range of 
task or skill levels. Usually, such instruments have little 
variance when it comes to groups with a smaller range 
of task levels. In other words, while these questionnaires 
are well suited for analysing differences between different 
qualification levels or status groups, they are less capable 
of revealing more subtle distinctions within more homo-
geneous groups.

In view of the above-mentioned limitations of existing 
questionnaires in assessing knowledge work in the highly 
qualified workforce, we developed a new German-lan-
guage survey instrument. The aim was, first, to measure 
job tasks in a theory-based way among higher education 
graduates, laying a focus on knowledge work. Second, 
the questionnaire should be short enough to be used in 
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multi-topic surveys. Third, the items should be able to 
discriminate between higher education graduates. And 
fourth, the survey instrument was intended to meet psy-
chometric standards.

The aim of this paper is to describe the development 
and the psychometric properties of the instrument. We 
begin in Sect. 2 with some conceptual clarifications, from 
which we derived three dimensions of knowledge work. 
We then continue with giving an account of the process 
of instrument construction, including cognitive pretest-
ing and a quantitative instrument development study. 
In Sect.  4 the results of reliability and validity analyses 
are presented. The analyses primarily used data of the 
development study but also of the graduate panel survey 
conducted by the German Centre for Higher Education 
Research and Science Studies (DZHW, Deutsches Zen-
trum für Hochschul- und Wissenschaftsforschung). We 
conclude our paper with a discussion of the results, limi-
tations, possible future improvements, and the usefulness 
of the questionnaire.

2  Conceptual considerations
2.1  The “Job Requirements Approach“
Methodologically, our approach to measuring skills 
requirements of higher education graduates largely 
follows the Job Requirements Approach (JRA). This 
approach was applied in several international and 
national surveys such as the UK Skills Survey (Fel-
stead et  al. 2007), PIAAC (Allen and van der Velden 
2014; Klaukien et  al. 2013), NEPS (Allmendinger et  al. 
2019) and the DZHW graduate panel surveys (Braun 
and Brachem 2015). Its distinctive feature is to meas-
ure job requirements by describing the job tasks from 
the perspective of the job holder. This principle implies 
the assumptions that “what people do at their work-
place reflects demands and requirements of work” and 
that “the best way to get information about job-related 
activities and requirements is to ask the employees them-
selves” (Braun and Brachem 2015, p. 576). The descrip-
tion of job tasks not only provides information on job 
requirements but also on competences: “Because a cer-
tain match between employees’ activities at work and 
their own competences can be assumed, the JRA allows 
for measuring job-related activities and requirements 
that can serve as a potentially less biased proxy for job-
related competences than direct self-rated levels of com-
petences” (ibid.).

2.2  Knowledge work
The concept of knowledge work has been addressed from 
various disciplinary and research perspectives. Corre-
spondingly, definitions of knowledge work are manifold 
and there is no common understanding of what this 

concept means and is comprised of (Kelloway and Bar-
ling 2000; Palvalin 2019; Pyöriä 2005). Early conceptu-
alisations drew a basic distinction between mental and 
manual work. However, this unidimensional distinction 
is too simple to capture the specific features of knowledge 
work. Both manual and mental work can be knowledge 
work as shown by the example of a surgeon performing 
a complicated operation (cf. Hube 2005, p. 36). More 
recent definitions of knowledge work are more complex 
and entail several dimensions.

For example, Hube (2005) introduces the dimensions 
novelty and complexity in his extensional definition and 
conceives of knowledge work as “mentally objectifying 
activities, which refer to novel and complex work pro-
cesses and results […]” (ibid., p.61, our translation; for 
an English-language summary of Hube’s approach see 
Sobbe et  al. 2016). The definition of Hermann (2004), 
too, includes novelty and complexity. She suggests that 
“knowledge work is always done when tasks are to be 
fulfilled that—at least for the person concerned—are so 
complex and new that the existing knowledge and per-
sonal experiences do not suffice to reach an appropriate 
solution; thus, it becomes necessary to resort to knowl-
edge of others or to generate new knowledge herself or 
himself” (ibid., p.214, our translation). Similarly, Haner 
et al. (2009) use complexity and novelty as core features 
of knowledge work. However, they add autonomy as a 
third dimension and propose to describe knowledge work 
along the three basic dimensions complexity, novelty, 
and autonomy (ibid., p.19). Empirically, they distinguish 
four types of knowledge work: knowledge-based work, 
knowledge-intensive work, strongly knowledge-intensive 
work, and knowledge work in a narrow sense. The latter 
is characterised by frequently dealing with complex and 
new tasks, a high level of autonomy, and the necessity 
to continuously revise, improve and renew the acquired 
knowledge (ibid., p.25).

Our own conceptual approach, which guided ques-
tionnaire construction, refers to the definitions given 
by Hube (2005) and Hermann (2004) and follows Haner 
et al. (2009) insofar as it includes autonomy as an addi-
tional aspect. Thus, we consider novelty, complexity, and 
autonomy to be central dimensions of knowledge work.

2.2.1  Novelty
As implied by the definitions of Hube (2005) and Her-
mann (2004), the novelty criterion can refer either to the 
novelty of the task itself or the novelty of work results. 
Our operationalisation of knowledge work focuses on 
novelty of work results for two reasons. On the one hand, 
we aimed at creating a parsimonious questionnaire and, 
therefore, had to make a selection. On the other hand, 
we consider new work results to be more demanding 
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than new tasks and, therefore, more suitable to measure 
knowledge work in highly qualified populations.

Novelty in this sense is closely linked to the terms crea-
tivity and innovation, which are often used as synonyms 
(Scott and Bruce 1994). The similarity of these concepts 
becomes obvious when considering the definitions of 
creativity and innovation. Creativity mainly refers to 
the “production of novel and useful ideas” (ibid., p.581). 
Innovation goes beyond creativity as in many conceptu-
alisations the term has to do not only with idea genera-
tion but also with the application and realisation of ideas 
(Janssen 2000; Scott and Bruce 1994; Stashevsky et  al. 
2006) or with transforming ideas into “new/improved 
products, service or processes” (Baregheh et al. 2009, p. 
1034).

The refined and more precise interpretation of novelty 
means that we refer this dimension of knowledge work to 
innovative work or innovative work behaviour, which has 
often been studied (e.g., de Jong and den Hartog 2010; 
Janssen 2000; Rehman et al. 2019; Scott and Bruce 1994).

2.2.2  Complexity
In research on work and organisations complexity has 
been conceptualised at different levels and referring to 
various phenomena (e.g. systems, organisations, prod-
ucts, jobs, tasks) (Hærem et al. 2015). Corresponding to 
the different perspectives on complexity, definitions are 
manifold (Blockus 2010). However, they often use simi-
lar attributes to characterise the level of complexity: the 
number and variety of elements or components, the 
relations between these elements, and the changeability 
of elements and relations (Blockus 2010, summarised 
by Harlacher et al. 2017). For example, Luhmann (2013) 
defines system complexity in terms of (1) the number of 
elements, (2) the number and (3) the diversity of rela-
tionships between these elements, and (4) the changes of 
these factors over time. Regarding our level of analysis, 
task complexity, Wood (1986) distinguishes three dimen-
sions: (1) component complexity (number of distinct acts 
and information (= task inputs)), (2) coordinative com-
plexity (“nature of relationships between task inputs and 
task products” (Wood 1986, p. 68)), (3) dynamic com-
plexity (changeability of task inputs and the relationship 
between inputs and products). Another early conceptu-
alisation was proposed by Campbell (1988). He considers 
task complexity to be related to information load, diver-
sity, and rate of change and to be a function of specific 
task attributes such as multiple ways to solve a task and 
uncertainty about the linkage between alternative paths 
to a solution and the desired outcome. In a similar vein 
and referring to Wood (1986), Campbell (1988) and oth-
ers, Blockus (2010) identifies four characteristics of task 
complexity: (1) the amount of (sub)tasks, (2) the diversity 

of (sub)tasks, (3) the changeability of (sub)tasks, and (4) 
the interdependence between different (sub)tasks.

On the basis of these conceptualisations, we consider 
(1) quantity and diversity of information and/or tasks or 
task elements (“variety”), (2) interdependence and (3) 
dynamics to be constituent attributes of task complex-
ity. The first component refers to the degree to which the 
job of an individual entails a variety of different activities 
and information to be processed. It resembles the dimen-
sion “skill variety” of the Job Diagnostic Survey devel-
oped by Hackman and Oldham (1975) and is related to 
the amount of different skills, competencies, and knowl-
edge that are required. According to Blockus (2010), the 
second dimension, interdependence, can be understood 
as the extent to which (sub)tasks are (mutually) depend-
ent. This type of interdependence can apply to the (sub)
tasks of one person or to the tasks performed by differ-
ent individuals. Another type of interdependence con-
cerns the relationship between an individual’s tasks and 
the context, the environment or external factors. Insofar, 
this dimension of complexity incorporates part of Will-
ke’s (2006) definition of system complexity, which refers 
to the system–environment relationship (cited from 
Blockus 2010). Integrating the suggestions of the scholars 
cited above, dynamics can be defined in terms of change-
ability of tasks, necessary information, dependencies 
or the relation between work activities and outcomes. 
Changeability implies uncertainty (Campbell 1988), 
ambiguity, and unpredictability. Therefore, Klabunde 
(2003), who conceived of system complexity as being 
made up of variety, connectivity, and dynamics, equates 
dynamics with uncertainty and unpredictability.

2.2.3  Autonomy
A most influential definition of work autonomy was 
given by Hackman and Oldham (1975). In their view, job 
autonomy is “the degree to which the job provides sub-
stantial freedom, independence, and discretion to the 
employee in scheduling the work and in determining the 
procedures to be used in carrying it out” (Hackman and 
Oldham 1975, p. 162). Although Hackman and Oldham 
(1975) implicitly distinguish different facets of job auton-
omy, early conceptualisations and operationalisations 
often considered autonomy a one-dimensional, global 
construct (Breaugh 1985; Theurer et al. 2018). Nowadays 
a multi-dimensional concept of workplace autonomy 
is common (Theurer et  al. 2018) and several measure-
ment instruments address at least two dimensions (e.g. 
Breaugh 1985; Little 1988; Morgeson and Humphrey 
2006; Sprigg et  al. 2000): work method autonomy (free-
dom to choose procedures and methods to accomplish 
a task) and work scheduling autonomy (control over the 
timing, sequencing, and scheduling of work). On the 
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basis of a literature review, Breaugh (1985) adds “criteria 
autonomy” as an important third dimension and defines 
it as the “ability of employees to influence the types of 
tasks they work on or the goals they are supposed to 
accomplish” (Breaugh 1999, p. 359). He chose the term 
“criteria autonomy” because the freedom to decide on 
tasks and goals gives workers “control over the criteria 
which will be used to evaluate them” (Breaugh 1999, p. 
359). What Breaugh (1985, 1999) calls criteria autonomy, 
is similar to a concept that other researchers refer to as 
“strategic autonomy”. Strategic autonomy enables “a team 
(or individual) to not only solve problems, but to actually 
define the problem and the goals that will be met in order 
to solve that problem” (Lumpkin et al. 2009, p. 50).

When developing the comprehensive Work Design 
Questionnaire (WDQ), Morgeson and Humphrey (2006), 
too, distinguished freedom in work scheduling and work 
methods as two subareas of work autonomy. In contrast 
to Breaugh (1985), they do not identify criteria or strate-
gic autonomy as a third dimension but “decision making”. 
Unfortunately, Morgeson and Humphrey (2006) nei-
ther explain and substantiate their decision nor do they 
define decision-making autonomy. While in our view 
control over tasks and goals (criteria autonomy) consti-
tutes a dimension of autonomy that is clearly different 
from scheduling and method autonomy, decision-making 
autonomy should not be considered as a distinct facet of 
work autonomy. It rather represents a general dimension, 
which includes—among other decision areas—method 
autonomy and scheduling autonomy. The wording of the 
three items that are used to operationalise decision-mak-
ing autonomy support our point of view.

In conclusion, we follow Breaugh (1985, 1999) in con-
ceptualising work autonomy in terms of work scheduling, 
work method and criteria autonomy. Nonetheless, we 
decided to include decision-making autonomy in the pro-
cess of instrument development to examine our assump-
tion that decision-making autonomy is a generic concept 
and that work scheduling and work method autonomy 
are part of decision-making autonomy.

Our concept of knowledge work is linked to the inter-
national discussion and other approaches in many 
respects. Regarding novelty, Ramirez and Steudel (2008) 
identify creativity and innovation as one of eight dimen-
sions of knowledge work. According to Reich (1991; 
cited from Jacobs 2017), knowledge work involves the 
use of symbolic analytic processes. The job tasks of sym-
bolic analysts in turn “require creativity and innovative-
ness” (Pyöriä 2005, p. 120). And Jacobs (2017) considers 
the familiarity or novelty of work situations a key point 
in the discussion about knowledge work. Complexity 
is mentioned as a central attribute of knowledge work, 
for example, by Benson and Brown (2007), Davenport 

(2005), Jacobs (2017), and Ramirez and Steudel (2008). 
Benson and Brown (2007) also characterise knowledge 
work by dimensions that we define as sub-dimensions of 
complexity, namely variation and dynamics and recipro-
cal interdependence. Finally, autonomy plays an impor-
tant role in the conceptual considerations of Benson and 
Brown (2007), Pyöriä (2005), and Ramirez and Steudel 
(2008).

Definitions of knowledge work often refer to the dis-
tinction between routine and non-routine work (e.g., 
Benson and Brown 2007; Pyöriä 2005; Ramirez and Steu-
del 2008; Reinhardt et al. 2011). In our approach we did 
not model routine/non-routine as a distinct dimension 
but captured it indirectly through the dimensions nov-
elty, complexity, and autonomy. This seems to be justi-
fied since routine/ non-routine is often defined in terms 
of novelty, complexity and autonomy. For example, Dav-
enport (2005), who uses the level of complexity and the 
degree of collaboration (or interdependence) as central 
criteria for categorizing knowledge work into four types, 
defines routine as one pole of the complexity dimension 
(and interpretation/judgement as the other). Benson and 
Brown (2007, p. 125) equate non-routine with variation 
and dynamic, reciprocal interdependence, and autonomy 
by saying that the distinction between routine and non-
routine allows knowledge work to be broken into these 
three dimensions. And Matthes et  al. (2014) propose to 
measure routine and non-routine tasks as defined by 
Autor et al. (2003) by complexity and autonomy.

3  Questionnaire development
We developed the instrument for measuring knowledge 
work requirements of higher education graduates in four 
steps. First, we inspected existing questionnaires in Ger-
man and English to find suitable indicators of the dimen-
sions and subdimensions of knowledge work described 
above. This search yielded a pool of 173 items including 
some self-developed items. From this pool we selected 46 
items for further consideration and translated or adapted 
them if necessary (see Table  1 for information on the 
number of items in the different steps). Except of three 

Table 1 Number of items in the different steps of questionnaire 
development

a Including three items that did not need to be tested

Dimension Item 
collection

Cognitive 
pretest

Development 
study

Final 
instrument

Complexity 72 20 16 9

Novelty 28 14 10 4

Autonomy 73 12a 13 9

Total 173 46a 39 22
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items that did not need to be tested, these items were 
included in the second step, the cognitive pretest. The 
guided interviews were conducted with 14 higher edu-
cation graduates from different disciplines and focused 
on comprehension by using predominantly the cognitive 
technique of probing. In addition, the cognitive inter-
view also addressed issues of information retrieval and 
response selection. Category-selection probing was also 
applied to answer the question as to whether the two 
response rating scales presented in the questionnaire1 
were appropriate, accurate and easy to use. The cognitive 
techniques applied followed the guidelines described in 
Prüfer and Rexroth (2005).

As a main result of the cognitive pretesting, eight items 
were removed because of unintended interpretations 
(e.g., “creating new knowledge” was understood in terms 
of teaching). In addition, one item was splitted in two 
because of its multidimensional stimulus (“My job allows 
me to take initiative and exercise discretion.”).

The remaining 39 items were used in the third steep, 
the instrument development study (16 items for the 
dimension complexity, 9 for novelty and 13 for auton-
omy; see Table 2 for examples and Table 10 in the appen-
dix for all items). After having thoroughly analysed the 
data (results are provided in Sect.  4), 22 items formed 
the final questionnaire (printed in bold in Table 10 in the 
appendix).

The instrument development study was carried out as a 
web survey with former students at German higher edu-
cation institutions who had previously participated in the 
“HISBUS online panel”. The HISBUS online surveys are 
repeatedly carried out by the German Centre for Higher 
Education Research and Science Studies (DZHW) to 
gather information on current issues in German higher 
education. 652 panel members who had finished higher 

education and gave their consent to participate in fur-
ther surveys were invited to the development study in 
winter 2017. To increase the response rate we used a 
lottery incentive and sent two reminder emails. Within 
eight and a half weeks a total of 580 respondents (83%) 
at least started the survey. After excluding respondents 
who had multiple missing values, did not obtain a higher 
education degree or did not work after having left higher 
education, the sample used for analysis consisted of 411 
cases. An overview of basic sample characteristics is 
given in Table 3.

In addition to the core items measuring knowledge 
work, the questionnaire included questions and items on 
socio-demographic factors, education, and the current 
or last job. As far as this information was used for test-
ing the criterion-related validity of the newly developed 
instrument, the corresponding variables are described in 
more detail in Sect. 4.1.

Because of technical difficulties, 13 variables of the 
questionnaire on knowledge work requirements had a 
substantial amount of missing observations. In the sam-
ple used for analysis, 7 variables have 309 to 344 valid 
observations, 6 variables have only 62 to 95 valid obser-
vations. There are even some pairs of variables with no 
joint observations. Fortunately, the variables concerned, 
which are marked in Table 10 (appendix), do not belong 
to the same dimension or subdimension.

The final instrument with 22 items in seven (sub)
dimensions was also used in the third wave of a panel 
survey with higher education graduates of the academic 
year 2009 carried out by the DZHW. The third wave was 
implemented as a three-part web-based survey approxi-
mately ten years after graduation. The first part took 
place between April and June 2019 and primarily col-
lected data on the occupational and educational life 
course since the second panel wave 2015 and the current 
occupational situation. The response rate was 61 per-
cent. The second part was conducted between August 
and October 2019 and included the questionnaire on 

Table 2 Examples of the questionnaire items used in the instrument development study

Dimension Subdimension Example

Novelty In my job I search out new solutions to problems

Complexity Variety The job requires me to monitor a great deal of information

Dependency The job activities are greatly affected by the work of other people

Dynamics My job requires me to respond to unforeseen situations

Autonomy Method The job allows me to make decisions about what methods I use to complete my work

Scheduling The job allows me to plan how I do my work

Criteria The job allows me to set my own priorities

Decision making The job allows me to make a lot of decisions on my own

1 We used a fully labelled five-point scale ranging from “does not apply at all” 
to “does completely apply” and a fully labelled five-point frequency scale rang-
ing from “never” to “daily”.
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knowledge work requirements, which took an estimated 
two minutes to complete.

Because of the data problems encountered in the 
KWReq development study, we used the data of the 
DZHW graduate panel 2009 for a second test of the fac-
torial validity and dimensional structure. The results, 
based on a sample of 3369 cases, are presented in 
Sect.  4.5. It is noteworthy that the sample composition 
differs considerably from that of the development study 
(see Table 3). At the time of the interview, the respond-
ents of the graduate panel survey were much older, they 
had more often obtained a masters’ or doctoral degree 
and more often held managerial positions.

4  Empirical analyses
4.1  Data analysis strategy
Our approach to analysing the data of the development 
study can be best described as a combination of explora-
tory and confirmatory elements. The aim was threefold: 

(1) to obtain a parsimonious questionnaire with as few 
items as possible (at least three items for each factor) and 
as many items as necessary to measure the dimensions 
and subdimensions of the construct “knowledge work” 
in a valid and reliable way; (2) to confirm the hypothe-
sised factor structure of the construct “knowledge work” 
and, in case it is not confirmed, to find an appropriate 
dimensional model; (3) to assess the reliability as well as 
the convergent, divergent and criterion validity. To reach 
these aims, we first examined the three dimensions—
novelty, complexity, autonomy—separately. In a subse-
quent step, we analysed the complete model. Finally, we 
tested whether the model fitted to the data of the devel-
opment study also holds in the sample of the DZHW 
graduate panel.

For assessing construct validity and selecting the most 
appropriate variables, we primarily performed confirma-
tory factor analysis (CFA), supplemented by exploratory 
factor analyses (EFA), and calculated scale and item reli-
abilities using Cronbach’s Alpha and corrected item-total 
correlations2 respectively. To evaluate criterion valid-
ity, structural equations models (SEM) were estimated. 
For CFA, EFA, and SEM the statistical software Mplus 
8.4 was used. All other analyses were conducted in Stata 
16. EFA was performed using maximum likelihood (ML) 
estimation and applying oblique rotation. As a method 
of handling missing data we used full information maxi-
mum likelihood (FIML) estimation.

To evaluate the measurement models, we used sev-
eral criteria: (1) The RMSEA (root mean square error 
of approximation), which compares the model-implied 
covariances with the observed covariances and favours 
parsimonious models. Threshold values for acceptable 
model fit are much debated. Hu and Bentler (1999) pro-
pose a cut-off value “close to 0.06”. Steiger (2007) sets 
an upper limit of 0.07. Other scholars are even less 
conservative and consider RMSEA values less than 
0.08 to be indicative of a good fit, values in the range 
between 0.08 and 0.10 as mediocre but acceptable and 
values above 0.10 as unacceptable (overview in Brown 
2015; Hooper et al. 2008). (2) The comparative fit index 
(CFI), which measures the increase in model fit rela-
tive to the “independence” model. (3) The Tucker-Lewis 
index (TLI), which is closely related to the CFI but 
imposes a greater penalty for lack of parsimony than 
the CFI. Initially, a lower bound of 0.90 was proposed 
for both indices. More recently, a minimum value of 
close to 0.95 has become the gold standard. We report 
the results of the model’s chi-square test of overall fit, 

Table 3 Sample characteristics of the development study and 
the DZHW graduate panel 2009

a Information on month of birth was not collected. Therefore, we generated 
a uniformly distributed random variable that takes on integer values in the 
interval (1, 12)
b Diploma, magister degree, state examination
c Including higher education institutions abroad

Sources: KWReq development study; DZHW graduate panel 2009, 3rd wave 
2019

Variable Development 
study

DZHW 
graduate 
panel

Gender

 Male 37% 43%

 Female 63% 57%

Age (mean) 29.9 36.4a

Highest degree

 Bachelor 25% 13%

 Master and  equivalentb 69% 66%

 PhD 4% 16%

 Other, N/A 2% 5%

Type of higher education institution

 University 63% 67%

 University of applied sciences 33% 25%

  Otherc, N/A 4% 9%

Occupational position

 Managerial 15% 40%

 Highly qualified 40% 31%

 Qualified 27% 19%

 Low-skilled 6% 1%

 Self-employed 3% 6%

 Other, N/A 8% 2%

Total (N) 411 3369

2 Defined as the correlation between an item and the scale if that item is 
excluded (also known as item-rest correlation).
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which tests the hypothesis that the covariances pre-
dicted by the specified model do not deviate from 
the population covariances. But we do not use these 
results for model evaluation because the model chi-
square value is, among other things, affected by sample 
size so that with increasing sample size the test statis-
tic becomes more sensitive to even slight differences 
between observed and model-implied covariances and 
would suggest rejecting the model.

Marsh et  al. (2004) warn against strictly adhering 
to the rules of thumb mentioned above. We therefore 
also considered other criteria such as the scales’ inter-
nal consistency as measured by Cronbach’s alpha, the 
size of the factor loadings, and theoretical arguments. 
Because alpha depends on the number of items a scale 
is composed of, we consider a value of around 0.60 
to represent an acceptable internal consistency of a 
three-item scale. Regarding standardised factor load-
ings, values of 0.30 or 0.40 are conventionally accepted 
as cut-off points (Wang and Wang 2012). We are more 
restrictive and require a minimum factor loading of 
between 0.50 and 0.60 for an item to be considered as a 
valid indicator of a construct.

Apart from the items constituting the core instru-
ment for measuring knowledge work, we used addi-
tional variables in our analyses. To assess divergent 
validity seven items concerning the job-research nexus 
or research involvement were analysed. Three items 
formed a scale referring to the consumption and appli-
cation of research (examples: reading scientific lit-
erature, converting research results into processes/

applications/products; α = 0.79), four items constituted 
a scale called “active research” (examples: working in 
research, conceptualizing research or development 
projects; α = 0.88).

To evaluate concurrent criteria validity, we selected 
three variables measuring the education-job match 
regarding the professional position (extent to which the 
job corresponds to the higher education qualification in 
terms of the professional position), the task level (extent 
to which the higher education qualification matches the 
level of the job tasks), and the professional qualification 
(extent to which the employment corresponds to the field 
of study). The three items were presented with a five-
point Likert type response scale ranging from “no match” 
to “good match”. In addition, we included the question as 
to which academic degree is most appropriate for the job 
(master/PhD, bachelor, no academic degree) and whether 
the survey participants are holding a leadership or highly 
qualified position.

The results of the analyses using the KWReq develop-
ment study are described in Sects.  4.2, 4.3 and 4.4. In 
Table  11 in the appendix the mean, standard deviation 
and correlation of the variables of the knowledge work 
questionnaire are reported. Table  12 in the appendix 
shows descriptive statistics for the final knowledge work 
factors. In Sect. 4.5, we present the final CFA model esti-
mated with the data of the DZHW graduate panel 2009.

4.2  The novelty dimension
The single-factor CFA model fitted the data well 
(RMSEA = 0.063; CFI = 0.976; TLI = 0.968; see Table  4). 

Table 4  Novelty dimension: results of the single-factor CFA and reliability analysis

Items selected for the final instrument are printed in bold

Source: KWReq development study

Variable Short label Model 1: all items Model 2: selected items

Factor loading (stand.) Item-total correlation 
(corr.)

Factor loading (stand.) Item-total correlation 
(corr.)

n1 Creative ideas 0.78 0.74

n2 New applications 0.78 0.74

n3 New solutions 0.81 0.76 0.82 0.75
n4 Being innovative 0.87 0.82 0.86 0.77
n5 New products, services 0.50 0.48

n6 Unusual ideas, solutions 0.80 0.75 0.81 0.74
n7 Original solutions 0.78 0.74

n8 New ideas 0.77 0.75

n9 New methods, tools 0.80 0.75 0.79 0.71
Model fit,  

alpha, N
χ2(27) = 70.995 (p = 0.000); RMSEA = 0.063 (90% 

CI: (0.045, 0.081)); CFI = 0.976;
TLI = 0.968; α = 0.925; N = 411

χ2(2) = 4.502 (p = 0.105);
RMSEA = 0.055 (90% CI: (0.000, 0.125)); CFI = 0.996;
TLI = 0.988; α = 0.892; N = 409
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Exploratory factor analysis yielded an eigenvalue greater 
than 5 for one factor and an eigenvalue of less than 1 for 
all other factors. Thus, the EFA results also suggested a 
single-factor model.

Based on the highest factor loadings and corrected 
item-total correlation, we selected four items (n3, n4, 
n6, n9) for inclusion in the final instrument. These items 
refer to different aspects of the concept and different lev-
els of abstraction. The item concerning the development 
of new products or services (n5) would have added an 
additional facet but was excluded from further considera-
tion because of the low factor loading and item-rest cor-
relation. In addition, such an innovative behaviour is not 
often required, as indicated by the low arithmetic mean 
of 1.98 (see Table 10 in the appendix).

The fit of the CFA model with a reduced item set 
was a little bit better (RMSEA = 0.055; CFI = 0.996; 
TLI = 0.988) than the fit of the model with all nine items. 
Even the chi-square statistic was not significant. Because 
Cronbach’s alpha is sensitive to the number of items and 
the final scale was reduced by five items, the value for the 
internal consistency decreased from 0.925 for the nine-
item scale to 0.892 for the four-item scale. Nonetheless, 
Cronbach’s alpha of nearly 0.90 indicates a high internal 
consistency.

4.3  The complexity dimension
The hypothesized dimensional structure of the complex-
ity dimension was not supported by confirmatory factor 
analysis (RMSEA = 0.111; CFI = 0.796; TLI = 0.757). An 
exploratory factor analysis with all complexity variables 
showed that according to the eigenvalue criterion greater 
than 1 a four-factor solution should be preferred. The 
factor pattern of this model revealed that the dependency 
items cde4 (consideration of possible consequences for 
other people or areas; see Table 10 in the appendix) and 
cde5 (performing tasks independently of others) as well 
as the dynamics items cdy1 (updating professional 
knowledge) and cdy2 (examining and adjusting the way 
of working) substantially contributed to several factors 
(results not shown). Because of their ambiguity, these 
items were excluded from further analyses. Exploratory 
factor analysis with the remaining items yielded three 
factors with an eigenvalue greater than 1. However, the 
results of the χ2 difference test comparing the three-fac-
tor solution with the four-factor model indicated that the 
latter fitted the data better than the former ( χ2

diff  = 33.47; 
df = 9; p = 0.0001). Therefore, we decided in favour of the 
four-factor solution, which had an acceptable model fit 
(RMSEA = 0.068; CFI = 0.975; TLI = 0.931; see Table 5).

Table 5 shows the estimated EFA factor loadings (also 
known as factor pattern). When oblique rotation is 

performed, factor loadings represent the standardised 
regression coefficients for predicting the variables by a 
particular factor. By and large, they revealed a clear factor 
pattern: Factor 2 significantly and substantially predicted 
only the variables cde1, cde2, and cde3. In addition, 
these variables were not strongly associated with other 
factors. Thus, the analysis confirmed the dependency 
subdimension. Regarding factor 3, four significant coef-
ficients could be observed. However, the loading of vari-
able cv2 (0.28) was far smaller than those of the variables 
cdy3 (0.81), cdy4 (0.93), and cdy5 (0.51), which again 
were only weakly related to other factors. We therefore 
consider factor 3 to be the common factor of the last-
mentioned variables, which are part of the dynamics sub-
dimension and describe rather reactive work behaviours. 
Factor 4 represents a second and more proactive part of 
the dynamics subdimension. The variables cdy6, cdy7, 
and cdy8 are most strongly predicted by factor 4 and are 
not significantly affected by other factors. Regarding sig-
nificance and size of the factor loadings, factor 1 is best 
described by variables cv1, cv2, and cv3, that is, the vari-
ables of the variety subdimension. However, the coeffi-
cient associated with variable cv2 was rather low (0.28) 
and similar to the loadings on factor 3 and factor 4. On 
the other hand, the correlation of variable cv2 with factor 
1 was quite high (0.61; factor structure not shown) and 
the internal consistency was good (α = 0.84), suggesting 
to keep this variable as indicator of factor 1.

According to the factor correlation matrix (in the 
bottom part of Table  5), factor 2, which represents the 
dependency subdimension, seems to measure something 
else than the other factors or complexity subdimen-
sions. The correlations were quite low (0.14 ≤ r ≤ 0.18), 
while factors 1, 3 and 4 were more strongly correlated 
(0.53 ≤ r ≤ 63). We therefore disregarded the subdimen-
sion dependency and kept only the variety subdimen-
sion and the two dynamics subdimensions “reactive” and 
“proactive”. This decision was also justified by the results 
of validity analyses. While all of the external criteria 
examined (e.g. education-job match, leadership position) 
were significantly related to the latent factors represent-
ing variety, reactive dynamics and proactive dynamics 
(see Table  8), none of them correlated with our opera-
tionalisation of the dependency subdimension (results 
not shown).

Confirmatory factor analysis proved that the 
reduced model had an overall acceptable model fit 
(RMSEA = 0.065; CFI = 0.973; TLI = 0.957; Table  5) and 
satisfactory factor loadings (0.58 ≤ λ ≤ 0.82). It should be 
noted that we allowed the residuals of items cdy3 and cdy4 
to be correlated. This decision was based on the modifica-
tion index. The high value suggested that the two items 
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share common variance, which cannot be explained by the 
underlying latent factor and may be attributed to linguistic 
aspects: Both items use the German verb reagieren, which 
may serve as a signal word. It should be also noted that 
although the estimates and fit indices did not exceed or fall 
below the threshold values, the subdimension “dynamics-
proactive” was not particularly well measured.

4.4  The autonomy dimension
We conceptualised autonomy as a three-dimensional 
construct with work scheduling, work method and cri-
teria autonomy as subdimensions. Confirmatory fac-
tor analysis supported the hypothesised model (see 
Table 6). The indices of overall model fit were acceptable 

(RMSEA = 0.059; CFI = 0.975; TIL = 0.963), as were the 
factor loadings (0.63 ≤ λ ≤ 0.86) and Cronbach’s alpha 
(0.75 ≤ α ≤ 0.88). The newly developed criteria scale was 
not as well measured as the method and scheduling 
dimension—the latter being operationalised using the 
well-established and validated instruments developed 
by Morgeson and Humphrey (2006) and translated into 
German by Stegmann et al. (2010).

As stated above, Morgeson and Humphrey (2006) pro-
posed decision-making autonomy as a third dimension 
of autonomy. Following Breaugh (1985) and assuming 
that decision making constitutes a general dimension 
encompassing several subdimensions, we preferred to 
include the more specific category criteria autonomy. 
We tested the hypothesis concerning the character of 

Table 5 Complexity dimension: results of the four-factor EFA and CFA model with reduced variable sets

a Allowing a correlation between the error terms of cdy3 and cdy4

*Significant at the 5% level

Source: KWReq development study

Variable Short label EFA factor loading CFA factor loading (stand.)

F1 F2 F3 F4 F1 F2 F3a F4

cv1 Monitoring much information 0.96* 0.05 0.02 − 0.01 0.82

cv2 Multitasking 0.28* 0.07 0.28* 0.26* 0.75

cv3 Analysing much information 0.61* − 0.13 0.06 0.21 0.81

Alpha subdimension  
“variety” = 0.84

cde1 Depending on others’ work 0.11 0.72* 0.01 0.06

cde2 Schedule depending on others 0.03 0.68* − 0.04 − 0.14*

cde3 Depending on others’ results − 0.07* 0.84* 0.02 0.04

Alpha subdimension  
“ dependency”  
= 0.78

cdy3 Unforeseen situations − 0.08* 0.02 0.81* 0.14* 0.76

cdy4 Spontaneous reactions 0.08* − 0.02 0.93* − 0.11* 0.77

cdy5 Problems without answers 0.05 0.05 0.51* 0.28* 0.80

Alpha subdimension  
“ dynamics-reactive”  
= 0.85

cdy6 Anticipating problems 0.17 0.03 0.08 0.59* 0.77

cdy7 New, unfamiliar tasks 0.24 − 0.07 − 0.06 0.49* 0.58

cdy8 Decisions under uncertainty 0.01 0.09 0.10 0.62* 0.68

Alpha subdimension  
“ dynamics-proactive”  
= 0.67

Factor correlation

 F1 1.00 1.00

 F2 0.14 1.00 – –

 F3 0.56 0.18 1.00 0.81 – 1.00

 F4 0.63 0.14 0.53 1.00 0.90 – 0.76 1.00

Model fit, N χ2(24) = 69.672 (p = 0.000);
RMSEA = 0.068 (90% CI: (0.050, 0.087)); 

CFI = 0.975; TLI = 0.931; N = 411

χ2(24) = 62.697 (p = 0.000);
RMSEA = 0.065 (90% CI: (0.046, 0.084)); 

CFI = 0.973; TLI = 0.957; N = 411
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the decision-making factor by estimating additional 
measurements model including the decision-making 
items and specifying a second-order factor underlying 
method autonomy, scheduling autonomy and criteria 
autonomy. It turned out that our assumption was par-
tially supported. Confirmatory factor analysis with four 
first-order factors yielded the result that decision making 
and method autonomy were, indeed, very highly corre-
lated (0.97), suggesting that these constructs more or less 
measure the same. However, the correlations between 
decision making and scheduling autonomy or criteria 
autonomy proved to be considerably lower (0.71 and 
0.83). We decided to keep method autonomy because 
it is a more specific construct than decision making. 
This decision was corroborated by a correlation of 0.94 
between decision making and the second-order factor 
with method, scheduling and criteria autonomy as first-
order factors.

4.5  The full model
We first estimated a first-order CFA including the nov-
elty dimension; the complexity dimension with the three 
subdimensions variety, dynamics-reactive, and dynam-
ics-proactive; and the autonomy dimension with the 
three subdimensions method, scheduling, and criteria 
autonomy. The fit for this model was RMSEA = 0.056, 

CFI = 0.941, and TLI = 0.927. We then estimated a sec-
ond-order CFA specifying a second-order factor for com-
plexity and another second-order factor for autonomy. 
This model fitted the data not as well as the first-order 
model (RMSEA = 0.063; CFI = 0.922; TLI = 0.910) and 
also yielded larger values of AIC and BIC.3 We therefore 
opted for the first-order model. The estimation results 
are displayed in Fig. 1.

Although CFI and TLI fall below the threshold value of 
0.95, we consider the model fit to be acceptable. On the 
one hand, the RMSEA statistic was smaller than 0.06 and 
even the upper bound of the confidence interval (CI) was 
only slightly greater than 0.06. On the other hand, all esti-
mates of the factor loadings exceeded the value of 0.60 
(range from 0.62 to 0.85) and were significant. In addi-
tion, the correlations between the latent factors support 
the postulated dimensionality of the construct “knowl-
edge work”: The correlations between factors within a 
dimension (i.e. complexity, autonomy) were higher than 
the correlations between factors belonging to different 
dimensions (i.e. complexity, autonomy, novelty).

Table 7 makes it easier to discern this pattern. It pre-
sents the latent factor correlations estimated by a CFA 
that was performed to assess the divergent validity of the 
knowledge work questionnaire and therefore included 
the two research dimensions described in Sect.  4.1. 
Although this CFA model differs from the “pure” knowl-
edge work CFA model, the correlations between the 
knowledge work factors are very similar. Table  7 also 
shows that the two factors representing different forms 
of research involvement measured a distinct construct. 

Table 6 Autonomy dimension: results of the three-factor CFA model (stand. factor loadings)

Source: KWReq development study

Variable Short label Method Scheduling Criteria

am1 Freedom in how to do the work 0.83

am2 Deciding on approaches 0.70

am3 Deciding on methods 0.85

as1 Deciding on the order 0.78

as2 Decision about scheduling the work 0.82

as3 Freedom to plan how to do the work 0.86

ac1 Modifying the job objectives 0.69

ac2 Influencing the workload 0.63

ac3 Setting own priorities 0.84

Alpha 0.83 0.88 0.75

Factor correlation

 Method 1.00

 Scheduling 0.81 1.00

 Criteria 0.87 0.84 1.00

Model fit, N χ2(24)= 58.173 (p = 0.000);
RMSEA = 0.059 (90% CI: (0.040, 0.078)); CFI = 0.975; TLI = 0.963; N = 411

3 A chi-square difference test could not be performed because the models are 
not nested. The information criteria AIC (Akaike information criterion) and 
BIC (Bayesian information criterion) can be used to compare models that are 
based on the same empirical covariance matrix but are not nested. Models 
with smaller AIC/ BIC values are generally to be preferred.



   20  Page 12 of 24 M. Trommer et al.

Fig. 1 Full CFA model of the KWReq questionnaire (stand. factor loadings)
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While the research factors correlated 0.68, the correla-
tion coefficients between the research factors and factors 
of the knowledge work instrument were much smaller.

Finally, we examined the concurrent criterion validity 
by estimating structural equation models. We performed 
separate analyses regressing the knowledge work factors 

separately on each of the external variables described in 
Sect.  4.1. The independent variables were analysed as 
manifest variables. The unstandardised regression coef-
ficients and explained variances  (R2) are presented in 
Table 8.

Table 7 Full CFA model including research dimensions: correlations between latent factors

Var Variety, Dyn.-react Dynamics-reactive, Dyn.-proact Dynamics-proactive, Meth Method, Sched  Scheduling, Crit Criteria, Res. cons  Research consumption, Res. act 
Research active

Source: KWReq development study

Novelty Complexity Autonomy Research

Var Dyn.-react Dyn.-proact Meth Sched Crit Res. cons Res. act

Novelty 1.00

Complexity Var 0.66 1.00

Dyn.-react 0.63 0.80 1.00

Dyn.-proact 0.71 0.90 0.76 1.00

Autonomy Meth 0.74 0.65 0.44 0.70 1.00

Sched 0.45 0.41 0.14 0.48 0.80 1.00

Crit 0.65 0.49 0.28 0.58 0.87 0.84 1.00

Research Res. cons 0.51 0.39 0.29 0.53 0.52 0.36 0.46 1.00

Res. act 0.33 0.10 0.08 0.25 0.29 0.28 0.37 0.68 1.00

Model fit, N χ2(337)= 767.551 (p = 0.000); RMSEA = 0.056 (90% CI: (0.051, 0.061)); CFI = 0.925; TLI = 0.911; N = 411

Table 8 Associations between the knowledge work factors and external criteria (separate SEM models for each criterion)

Var Variety, Dyn.-react  Dynamics-reactive, Dyn.-proact Dynamics-proactive, Meth Method, Sched Scheduling, Crit Criteria, Res. cons  Research consumption, Res. act. 
Research active

*p < 0.05; **p < 0.01; ***p < 0.001
a Or equivalent

Source: KWReq development study

External criterion Novelty Complexity Autonomy

Var Dyn.-react Dyn.-proact Meth Sched Crit

Regression coefficients (unstandardised)

 Education-job match regarding

  …The professional position 0.22*** 0.19*** 0.07** 0.25*** 0.28*** 0.21*** 0.24***

  …The task level 0.29*** 0.24*** 0.13*** 0.32*** 0.34*** 0.23*** 0.27***

  …The professional qualification 0.26*** 0.19*** 0.11*** 0.26*** 0.28*** 0.20*** 0.22***

 Most appropriate academic degree (ref. cat.: no degree)

  Bachelor’s degree 0.84*** 0.76*** 0.51*** 0.73*** 0.88*** 0.62*** 0.60***

  Master’s  degreea or PhD 0.92*** 0.82*** 0.39*** 1.05*** 0.91*** 0.74*** 0.70***

  Leadership or highly qualified position (yes vs. no) 0.50*** 0.44*** 0.23** 0.58*** 0.41*** 0.36*** 0.28**

Explained variance  (R2)

 Education-job match regarding

  …the professional position 0.12*** 0.14*** 0.02 0.24*** 0.20*** 0.13*** 0.16***

  …the task level 0.21*** 0.21*** 0.07* 0.34*** 0.26*** 0.14*** 0.19***

  …the professional qualification 0.17*** 0.12** 0.04 0.22*** 0.18*** 0.11** 0.13***

Most appropriate acad. degree 0.16*** 0.18*** 0.06* 0.30*** 0.15*** 0.11** 0.10**

Leadership or highly qualified position (yes vs. no) 0.08** 0.08** 0.03 0.14*** 0.05* 0.04 0.03
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It turned out that all regression coefficients were sig-
nificantly different from zero but the explained variances 
were not. The independent job-related variables were 
able to explain a considerable proportion of the variance 
in the proactive dynamics dimension.  R2 values ranged 
between 0.14 and 0.34; the estimation of a SEM model 
including all independent variables yielded a  R2 value of 
0.43 (results not shown). To put it differently, the dynam-
ics-proactive factor discriminated best between groups 
of higher education graduates with different job charac-
teristics. In contrast, the independent variables examined 
accounted only for a very low proportion of the variance 
in the reactive dynamics dimension (0.02 ≤  R2 ≤ 0.07;  R2 
(full model) = 0.11). In other words, the job requirements 
represented by this dimension are relatively independent 
of other job characteristics. As indicated by the mean of 
this factor (Table 12 in the appendix), they are also quite 
common in the work of higher education graduates and 
have a low variance. In this respect the reactive dynamics 
scale resembles the variety dimension.

Regarding the relative weight of the external variables 
as predictors or correlates of the knowledge work dimen-
sions, the education-job match concerning the task level 
seems to be particularly important. Among the criterion 
variables analysed this variables is associated with the 
highest  R2 for all dimensions. Which variable comes next 
depends on the dimension. The education-job match 
regarding the professional position is the second most 
important external variables when the autonomy dimen-
sions are concerned. The type of academic degree that is 
considered appropriate for doing the job is the second 
most important factor when the complexity dimensions 
are concerned. All in all, the results suggest sufficient cri-
terion validity.

4.6  A second test: application of the KWReq questionnaire 
to the DZHW graduate panel

Because of differences in the highest academic degree 
and the ten-year interval between graduation and the 
third panel wave, the career of the higher education 
graduates of the academic year 2009 was more advanced 
than that of the respondents of the KWReq development 
study (Table 3). Correspondingly, the former rated most 
items of the knowledge work questionnaire on aver-
age higher than the latter (exact figures not shown). The 
exception refers to the dynamics-reactive dimension, 
which in the sample of the DZHW graduate panel survey 
2009 showed equally high or even lower means. None-
theless, the dimensional structure of the measurement 
instrument was similar to that of the KWReq develop-
ment study.

With fit indices comparable to those obtained with 
the data of the development study (RMSEA = 0.056; 
CFI = 0.944; TLI = 0.931), the fit of the CFA model 
proved to be acceptable (see Table 5). All factor loadings 
were sufficiently high (0.60 ≤ λ ≤ 0.89) and significant. 
The internal consistency as measured by Cronbach’s 
alpha was satisfactory to good, although often lower than 
in the development study.

The correlations between the latent factors, too, were 
weaker than in the development study. However, the cor-
relative pattern was comparable. Factors belonging to the 
same dimension were more strongly correlated than fac-
tors belonging to different  dimensions, with one excep-
tion: The correlation between the proactive dynamics 
factor and variety was less strong (0.66) than the correla-
tion between dynamics-proactive and novelty (0.74).

5  Discussion
Starting from the observation that instruments for 
appropriately measuring knowledge work of the highly 
qualified workforce do not exist and that higher educa-
tion institutions need to reflect the changes in the world 
of work, we developed a new questionnaire. This ques-
tionnaire consists of 22 items, which mainly describe 
job activities, thereby following the job requirements 
approach, and partly also refer to job characteristics. 
The instrument focusses on knowledge work as a key 
characteristic of the changing economy. It was imple-
mented as a web-based survey but can easily be included 
in other survey modes as well, as shown by the PIAAC 
and NEPS study, which used computer-assisted tel-
ephone interviewing and partly face-to-face interviews 
for collecting information on job tasks. It is short enough 
to be included in multi-topic surveys. It was able to dis-
criminate between different groups of higher education 
graduates. And it proved to be a reliable and valid meas-
urement of the three dimensions of knowledge work that 
were identified on theoretical grounds.

We postulated that the concept of knowledge work 
involves novelty, complexity, and autonomy. Novelty was 
mainly interpreted and, consequently, operationalised 
in terms of innovative work. Complexity was concep-
tualised as being composed of the three subdimensions 
variety, dependency, and dynamics. Autonomy was also 
considered to be a multi-dimensional construct, includ-
ing scheduling autonomy, work method autonomy, 
and criteria (or strategic) autonomy. However, statisti-
cal analyses did not confirm our operationalisation of 
dependency to be a constituent part of complexity. And 
they revealed two distinct forms of dynamic complexity: 
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a more reactive one, indicating that knowledge work 
entails responding ad hoc to new requirements; and 
a more proactive one, which refers to the demand of 
actively dealing with uncertainty, ambiguity and unpre-
dictability. Because the proactive facet of the dynamics 
subdimension accounted for a substantial proportion of 
the variance in job characteristics like occupational posi-
tion and education-job match while the association of 
these variables with the reactive facet was considerably 
weaker, we conclude that the proactive-dynamics factor 
is a stronger indicator of knowledge work than the reac-
tive-dynamics factor.

Regarding the result that dependency did not emerge 
as a valid subdimension of complexity, we cannot exclude 
the possibility that this concept was poorly operation-
alised. As mentioned above, dependency or interde-
pendence refers to the degree to which the tasks of one 
person or of different individuals are dependent from 
each other. In addition, dependency concerns the rela-
tionship between the individual and the environment. In 
contrast to these manifold meanings of dependency, we 
mainly restricted the measurement to the extent to which 
one’s job is affected by the work of others—a phenome-
non that Morgeson and Humphrey (2006) call “received 
interdependence”. Actually, two of the three dependency 
items remaining in the analyses (see Table 10) were taken 
from the subscale “received interdependence” of the 
WDQ as translated by Stegmann et al. (2010), the third 
item is informed by this questionnaire. Since this type 
of dependency also applies to assembly-line workers, for 
example, it seems plausible that it does not correlate with 
other components of complexity and knowledge work. 
Future research should search for a more appropriate 
operationalisation of dependency. It should also address 
the question as to which types of dependency are essen-
tial to complexity and how they can be conceptualised.

Another limitation of our study refers to the measure-
ment of the novelty dimension. While we are convinced 
that the focus on innovative work is justified, the assump-
tion of a reflective measurement model may be ques-
tioned. In reflective measurement models, the indicators 
are expected to correlate highly, they are interchange-
able and manifestations of the underlying latent construct 
(Jarvis et  al. 2003). The correlations between the indica-
tors occur because they are influenced/caused by the 
latent factor. In contrast, formative measurement mod-
els are characterised by indicators that capture different 
aspects of the latent construct and, therefore, do not nec-
essarily correlate with each other (ibid.). The causal rela-
tionship is from the manifest measure to the latent factor. 
Because the correlations of the item “In my job I develop 

new products or services.” (n5, see Table  9) with other 
variables of the novelty dimension are rather weak, we 
eliminated it from further consideration. However, this 
item can be considered to be a strong indicator of inno-
vation. Therefore, it might be more adequate to choose 
a formative measurement approach and to use appro-
priate statistical techniques such as partial least squares 
structural equation modelling (PLS-SEM; Hair et  al. 
2017, 2018) for analysing this knowledge work dimension.

To develop an English-language version of the question-
naire and to examine ways to further shorten the instru-
ment are other tasks that remain to be accomplished in 
the future. Even though we constructed and tested a 
German-language questionnaire, an English version is 
also available, consisting of original items in English and 
items that we translated from German to English. These 
translations have not yet been checked and refined using 
backward translation  or other methods for ensuring the 
quality of the translated items. In addition, an empirical 
cognitive and standardised test is still to be conducted. 
Regarding the length of the questionnaire, the empirical 
results presented in this study provide indications of how 
the measurement instrument could be shortened if need 
be. While we do not recommend reducing the number of 
items per (sub)dimension, dropping an entire factor might 
be worth being considered.

Despite the limitations and potential for improvements, 
the present version of the questionnaire for measuring the 
knowledge work requirements of higher education gradu-
ates is ready to be used in future empirical studies. The tech-
nical and data problems encountered in the development 
study raised doubts as to whether the results are trustwor-
thy. But it was possible to replicate the findings in a repre-
sentative survey with higher education graduates who were 
more advanced in their career. Interesting research ques-
tions that could be addressed using data collected by the 
questionnaire refer to types of knowledge work (person-
centred instead of variable-centred approach) and their 
variation within the highly qualified workforce, changes in 
the occurrence and intensity of knowledge work over time, 
and intra-individual changes in job requirements during 
the course of the professional career. Empirical evidence on 
these issues can shed more light on the relationship between 
higher education and employment and might provide assis-
tance for higher education curriculum development. But of 
course the new survey instrument and data only collected 
from graduates are of limited use when it comes, for exam-
ple, to assessing the demand for and distribution of graduate 
jobs, that is, jobs where “a substantial portion of the skills 
used are normally acquired in the course of higher educa-
tion” (Green and Henseke 2016, p. 3).
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Table 9 Full CFA model of the KWReq questionnaire applied to the DZHW graduate panel 2009 (stand. factor loadings)

a Allowing a correlation between the error terms of cdy3 and cdy4

Source: DZHW graduate panel 2009, 3rd wave 2019

Item Novelty Complexity Autonomy

Variety Dynamics-
reactivea

Dynamics-
proactive

Method Scheduling Criteria

n3 0.77

n4 0.82

n6 0.80

n9 0.67

cv1 0.81

cv2 0.71

cv3 0.82

cdy3 0.68

cdy4 0.70

cdy5 0.75

cdy6 0.62

cdy7 0.60

cdy8 0.73

am1 0.80

am2 0.82

am3 0.81

as1 0.74

as2 0.85

as3 0.89

ac1 0.73

ac2 0.71

ac3 0.82

Alpha 0.85 0.82 0.79 0.68 0.85 0.86 0.79

Factor correlations

 Novelty 1.00

 Variety 0.48 1.00

 Dyn.-reactive 0.50 0.58 1.00

 Dyn.-proactive 0.74 0.66 0.75 1.00

 Method 0.55 0.24 0.23 0.34 1.00

 Scheduling 0.23 0.04 − 0.10 0.08 0.53 1.00

 Criteria 0.46 0.14 0.07 0.23 0.71 0.64 1.00

Model fit, N χ2(187)= 2181.035 (p = 0.000); RMSEA = 0.056 (90% CI: (0.054, 0.058)); CFI = 0.944; TLI = 0.931; N = 3369
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