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ABSTRACT
The growing number of interdisciplinary degree programmes
offered at comprehensive research universities aim to ensure that
students gain interdisciplinary understanding, defined as
knowledge and skills that provide them with the means to
produce cognitive enhancements that would not be possible
through monodisciplinary programmes. Previous studies suggest
that interdisciplinary understanding comprises six main elements:
knowledge of different disciplinary paradigms, knowledge of
interdisciplinarity, reflection skills, critical reflection skills,
communication skills, and collaboration skills. However, empirical
evidence to support this conceptualised model is lacking. The
current study therefore proposes an Interdisciplinary
Understanding Questionnaire (24 items) to assess this model. Its
construct validity and measurement invariance were tested
among 505 first-year Bachelor’s students from different academic
disciplines (e.g. humanities, science, social sciences). A
(multigroup) confirmatory factor analysis confirmed the
conceptualised model of interdisciplinary understanding, as well
as measurement invariance across academic disciplines.
Implications for educational practice, for instance regarding
student assessment and quality assurance, are discussed.
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Introduction

In Europe and the United States, the number of interdisciplinary study programmes at
research universities has increased in recent years, at both the module and degree pro-
gramme level, and in undergraduate and graduate studies (Borrego and Newswander
2010; Kurland et al. 2010; Lyall et al. 2015). Many research universities explicitly included
interdisciplinary education in their formal institutional strategies and this number still is
increasing (Lyall 2019; Lyall et al. 2015). The shift from monodisciplinary to multi- or
interdisciplinary programmes in higher education often is motivated by arguments
related to professional demands but also by referring to the need of preparing students
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to deal with complex societal issues (Blackmore and Kandiko 2012; Lyall et al. 2015;
Manathunga, Lant, and Mellick 2006), or wicked problems, that mutate and evolve
over time, creating vast uncertainty regarding both causality and effective solutions
(Dentoni and Bitzer 2015; Roberts 2000). Some notable examples of wicked problems
include the search for alternative energy sources, coping with climate change, and
options for reducing social injustice. The complexity of these problems requires pro-
fessionals with the capabilities to address them.

In our view, interdisciplinary education is one promising teaching approach that pre-
pares students for participating in a complicated world. For example, the COVID-19
pandemic demonstrates that more than only medical knowledge is needed to deal with
this situation. Social scientists could provide insight into human behaviour that contrib-
ute (or not) to a way out of this pandemic. But also, people with a background in for
instance law or economics are needed to understand both societal and human conse-
quences of pandemic-related policy. Aside from interdisciplinary approaches, detailed
disciplinary academic knowledge is still needed to for example carry out particular ana-
lyses or to develop (technical) solutions.

From an institutional perspective, interdisciplinary education is also a manner to
educate future interdisciplinary (research) leaders as a reaction to critiques that research
universities tend to highly specialise (Manathunga, Lant, and Mellick 2006). Not surpris-
ingly, many research universities have added interdisciplinary education to their insti-
tutional strategy (Lyall et al. 2015). The research university we included in our
research project has also designated interdisciplinary education as one of its strategic
goals. Several small-scale interdisciplinary education programmes were set up to
develop and test interdisciplinary teaching approaches, to stimulate professional devel-
opment of lecturers and to further examine the practical implications of interdisciplinary
education within this mainly disciplinary organised comprehensive research university.

Given the increasing focus on interdisciplinary education, research universities need
specific interdisciplinary teaching approaches that aim to teach students interdisciplinary
understanding, defined as an ability to integrate knowledge from different academic fields
and thereby contribute to complex problem-solving abilities (Boix Mansilla 2005; Boix
Mansilla, Miller, and Gardner 2000; Graybill et al. 2006; Ivanitskaya et al. 2002; Klein
and Newell 1997; Lattuca, Voigt, and Fath 2004; Weber and Khademian 2008).

Considering its prevalence, popularity, and potential to contribute to the social good,
interdisciplinary education demands ongoing research consideration. However,
thorough evaluations of the effects of interdisciplinary education programmes on
student outcomes have not been commonly conducted, partly because a convenient
instrument to measure students’ generic interdisciplinary progress is lacking. Accord-
ingly, the current article seeks to take generic notions of interdisciplinary understanding
as input to develop and validate an instrument to measure it, in the context of a compre-
hensive research university.

Specifically, we report on the validity and measurement invariance of an instrument to
measure interdisciplinary understanding in the context of a Dutch comprehensive
research university. Within this research university high-performing students are
allowed to pursue an interdisciplinary excellence programme, requiring 1260 hours of
study over 2.5 years, on top of their enrolment in a regular Bachelor’s degree programme.
The interdisciplinary excellence curriculum consists of interdisciplinary thematic and
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skills modules and the student population within each module is multidisciplinary, so
students from various disciplines are challenged to look beyond their own field of
study to solve complex scientific and social issues. That is, the programme explicitly
aims to ensure students to attain interdisciplinary learning outcomes. Until now, there
is no well-supported method available to determine whether and to what degree they
actually do so. With the instrument we propose, we suggest an effective measure of
the success of interdisciplinary programmes.

Interdisciplinary understanding

Definition

In higher education, interdisciplinary learning outcomes have been conceptualised in
several manners. Most conceptualisations share an emphasis on the use and integration
of concepts, knowledge, and methods from more than one academic discipline, to
enhance students’ understanding of some phenomenon or problem (e.g. Boix Mansilla,
Miller, and Gardner 2000; Boix Mansilla 2005; Graybill et al. 2006; Ivanitskaya et al. 2002;
Klein and Newell 1997; Lattuca, Voigt, and Fath 2004). We adopted the interdisciplinary
understanding concept as a learning outcome of interdisciplinary education, defined by
Boix Mansilla, Miller, and Gardner (2000, 17) as:

The capacity to integrate knowledge and modes of thinking in two or more disciplines or
established areas of expertise to produce a cognitive enhancement—such as explaining a
phenomenon, solving a problem, or creating a product—in ways that would have been
impossible or unlikely through single disciplinary means.

Although ‘understanding’ in this context might be associated with a passive learning
process and passive learning outcomes, we instead explicitly interpreted interdisciplinary
understanding as an (inter)active learning outcome, in that it refers to the active inte-
gration of knowledge from different academic disciplines, collaboration among students
and lecturers from various disciplines, and communication of findings with peers,
experts, and non-experts (Boix Mansilla and Dawes Duraisingh 2007).

Conceptualisation

In their review, Spelt et al. (2009) explore how interdisciplinary understanding had been
conceptualised in previous research, which they then use to suggest its constitution. In par-
ticular, they argue that knowledge and skills components help students become proficient in
interdisciplinary understanding. The first component consists of having knowledge of (1)
academic disciplines, (2) different disciplinary paradigms, and (3) interdisciplinarity. For
example, Spelt et al. (2009) propose that students need a substantive grounding in some
academic discipline (i.e. knowledge of academic disciplines) to be able to recognise
theory development. Other research is more ambiguous about the importance of disciplin-
ary grounding though. Although some studies concur that students should be fluent in a
particular academic discipline, as a foundation to continue into interdisciplinary education
(Davies and Devlin 2007; Derrick et al. 2011), others recommend exposing students to
various fields early in their education, to avoid the risk that they might get too stuck in
one particular discipline (Lyall et al. 2015; MacKinnon, Hine, and Barnard 2013).
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It would thus be interesting to assess whether early disciplinary grounding – i.e.
having acquired the knowledge and skills of a specific academic discipline (Bachelor’s
programme) – would be an advantage or disadvantage for the development of interdis-
ciplinary understanding. However, the population we studied consisted of students who
were all enrolled in a specific monodisciplinary Bachelor’s programme supplemented
with an (optional) interdisciplinary programme. Therefore, we could not compare
early disciplinary grounding to a situation in which students started in a broad interdis-
ciplinary (Bachelor’s) programme.

Moreover, our focus on generic interdisciplinary learning outcomes prevented us
from assessing substantive knowledge of disciplines, for example students’ knowledge
of a certain theory used in a certain academic field. We therefore excluded the knowledge
of disciplines component from our proposed model. Instead, we included the component
knowledge of different disciplinary paradigms. This component refers to how knowledge is
valued in the different academic disciplines. For example, in social sciences, knowledge
can be negotiated while in physics knowledge is ‘fixed’ and needed to construct theories
further. We propose that students need to be familiar with such different scientific para-
digms to be able to make fruitful connections across disciplines and identify their simi-
larities and dissimilarities.

In addition, we included the existing sense of the knowledge of interdisciplinarity com-
ponent, which refers to an ability to integrate knowledge from different perspectives,
such as by actively combining theories or methods from distinct academic disciplines
(Spelt et al. 2009).

With regard to the skills component of interdisciplinary understanding, Spelt et al.
(2009) offer theoretical arguments for the importance of (1) reflection skills, (2) critical
reflection skills, and (3) communication skills as preconditions of interdisciplinary under-
standing. Although Spelt et al. refer to higher order skills, we prefer reflection skills and
critical reflection skills as more adequate labels for the ability to evaluate beliefs and
knowledge critically (Kember et al. 2000), explore experiences in ways that lead to
broader understanding (Boyd and Fales 1983; Kember et al. 2000), and pursue deeper
levels of thinking (Kember et al. 2000). This conceptualisation resonates with the predic-
tion that cognitive enhancement results from interdisciplinary understanding (Boix
Mansilla and Dawes Duraisingh 2007; Ivanitskaya et al. 2002; Woods 2007). Thus, (criti-
cal) reflection skills are important to attain innovative directions in thought or solutions,
and communication skills are key for transferring such knowledge.

We conducted a further literature review too, beyond Spelt et al.’s (2009) effort, which
led us to add collaboration skills to the skills dimension of interdisciplinary understand-
ing. Increased calls for interdisciplinary education often cite the idea that interdisciplin-
ary programmes should teach students to work together with people from different
backgrounds, such that collaboration skills may be a relevant outcome of interdisciplin-
ary education (e.g. Boni, Weingart, and Evenson 2009; Curşeu and Pluut 2013; Finlay et
al. 2019; Little and Hoel 2011; MacLeod 2018; Richter, Paretti, and McNair 2009; Rienties
and Héliot 2018). But interdisciplinary courses do not automatically result in interdisci-
plinary collaboration among students (Rienties and Héliot 2018), because students tend
to prefer collaborating with friends or students with a similar disciplinary background.
We therefore added collaboration skills to our conceptualisation of interdisciplinary
understanding.
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Despite the appeal of these theoretical arguments, empirical data to support this
classification and definition is lacking (Spelt et al. 2009). We know of a few studies
that attempted to develop an instrument that can track students’ progression in
gaining interdisciplinary understanding (e.g. Lattuca, Knight, and Bergom 2012;
Lattuca et al. 2017a, 2017b). However, most of those studies offer a relatively narrow per-
spective, focusing on a particular category of learning outcomes, such as assessing knowl-
edge without considering skill-related learning outcomes. With our study, we aimed to
develop a measurement instrument that comprises both knowledge and skills. Figure 1
presents a simplified version of our proposed conceptual model of the knowledge and
skills components that constitute interdisciplinary understanding.

In addition to proposing this model, we validated it in the real-world setting of a com-
prehensive research university. In contrast to most prior research into interdisciplinary
higher education, which concentrated on science and engineering students (e.g. Cala-
trava Moreno and Danowitz 2016; Lattuca et al. 2017a; Lyall et al. 2015; Mawdsley
and Willis 2018; Spelt 2015; You, Marshall, and Delgado 2019) our study included stu-
dents of all disciplinary backgrounds, spanning languages, law, medical sciences, psy-
chology, science, and so on. In this manner, we were able to test whether our
instrument is measurement invariant across disciplines and thus is applicable in the
context of a comprehensive research university.

Method

Setting and participants

The current study was conducted in one of the largest comprehensive research univer-
sities in the Netherlands, where 32,000 students attend Bachelor’s and Master’s degree
programmes covering all academic disciplines. In spring 2019, we administered the pro-
posed Interdisciplinary Understanding Questionnaire (IUQ) (which we detail in the
Instruments section) to 1020 first-year students, as part of a longitudinal research
project dedicated to the academic development of high-performing Bachelor’s students.
These students (best 10% of their monodisciplinary Bachelor’s programme) may apply to
join an interdisciplinary excellence programme, in parallel with their Bachelor’s pro-
gramme (1260 extracurricular hours, over a period of 2.5 years).

Figure 1. Conceptualised model of interdisciplinary understanding (simplified version).
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In 2019, 320 students started the interdisciplinary excellence programme, and they all
received a paper-and-pencil questionnaire upon doing so. A group of 700 high-performing
students who were not participating in the interdisciplinary excellence programme received
an online invitation to complete the same questionnaire. In total, 505 students filled out at
least one of the scales of the test battery. Students receiving the paper-and-pencil question-
naire were more inclined to complete it (response rate = 81%, n= 259) than students
approached online (response rate = 35%, n = 246). Although the response rates are not
equal, we consider both response rates as sufficient for the purpose of our validation analysis.

Among the respondents we included in our analysis, 51 percent were about to start the
interdisciplinary excellence programme, and 49 percent were not. Furthermore, 62
percent of the participants were women, 37 percent were men, and 1 percent identified
as non-binary. These students came from a wide range of academic disciplines (i.e. their
Bachelor’s degree programme). For convenience, we created three clusters of academic
disciplines, in accordance with a common division in the Netherlands, including huma-
nities (arts, philosophy, theology and religious studies), science (natural sciences, engin-
eering, medical sciences), and social sciences (economics, business, behavioural and
social sciences, law, spatial sciences) (Table 1). The majority of the students were 19
(38%) or 20 (25%) years of age. Most of them had obtained their secondary school
degree in the Netherlands (52%), Germany (18%), or elsewhere in Europe (19%),
though some obtained it outside Europe (11%). With regard to gender and study back-
ground, the sample adequately reflects the wider student population of this
research university. However, the sample included more international students than
the general student population at this research university.

Instrument

To measure the level of interdisciplinary understanding among first-year Bachelor’s stu-
dents, we developed the Interdisciplinary Understanding Questionnaire (IUQ), on the

Table 1. Disciplinary background of respondents.
Academic field Percentage of respondents

Humanities

- Arts
- Philosophy
- Theology and religious studies
- Liberal arts and sciences

20.7%

- 16.1%
- 1.3%
- .9%
- 2.4%

Science

- Science and engineering
- Medical sciences

27.6%

- 22.3%
- 5.3%

Social Sciences

- Economics and business
- Behavioural and social sciences
- Law
- Spatial sciences

51.7%

- 16.8%
- 16.6%
- 13.7%
- 4.6%
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basis of our literature review and the previously discussed components that theoretically
constitute the concept. The IUQ items measured students’ knowledge of different disciplin-
ary paradigms, knowledge of interdisciplinarity, (critical) reflection skills, communication
skills, and collaboration skills. Some items were derived from existing scales, but others
were newly developed, as we detail next. For the 27 self-reported items, respondents indi-
cated, on a 5-point Likert-scale from (1) ‘very inaccurate’ to (5) ‘very accurate’, how accu-
rately each item described them. The IUQ also included several background questions.

Knowledge of different disciplinary paradigms
Students indicated their knowledge of different disciplinary paradigms with three items
derived from the Recognizing Disciplinary Perspectives Scale (Lattuca, Knight, and
Bergom 2012; α = .68), which initially was developed to assess interdisciplinary compe-
tencies in undergraduate engineering education. An example item is: ‘I have a good
understanding of the strengths and limitations of academic disciplines’. We rephrased
one item to support its applicability to a wide range of academic disciplines (original
item: ‘I’m good at figuring out what experts in different fields have missed in explaining
a problem or proposing a solution’, revised to ‘I am good at figuring out what students in
another field of study have missed in explaining a problem or solution’).

Knowledge of interdisciplinarity
The measure of knowledge of interdisciplinarity includes seven items obtained from the
Interdisciplinary Skills Scale (Lattuca, Knight, and Bergom 2012; eight items, α = .79) that
reveal the extent to which students integrate knowledge of other academic disciplines and
of their own discipline while solving academic problems. This scale initially was devel-
oped in the field of engineering, so we rephrased all the items to ensure they apply to
students regardless of their disciplinary background. For example, we revised the original
item ‘I value reading about topics outside of engineering’ to ‘I often read about topics
outside my own academic discipline’. We dropped one of the original eight items
because it was impossible to formulate a version that could be used across disciplines
(i.e. ‘Not all engineering problems have purely technical solutions’).

(Critical) Reflection skills
Kember et al.’s (2000) Reflection Scale provides the items to measure this skills-related
dimension. The original scale sought to measure students’ tendency to consider their
own beliefs and knowledge, actively and carefully, as well as their tendency to explore
experiences in ways that support their broader understanding (Boyd and Fales 1983;
Kember et al. 2000). This scale included four items (original α = .63). An example of
an item we used is: ‘I often reflect on my actions to see whether I could have improved
on what I did’.

In addition, we integrated the Critical Reflection Scale (Kember et al. 2000), which was
designed to measure higher-level reflective thinking. That is, critical reflection goes
beyond the Reflection Scale, by measuring a more thorough reflection process that
leads to more profound thinking (Kember et al. 2000). This scale also consists of four
items (original α = .68). For all eight items, we revised the stem, which previously read
‘As a result of this course’ to read ‘As a result of university education’. We for
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example included this item: ‘As a result of university education, I have changed the way I
look at myself’.

Communication skills
To measure communication skills, we integrated existing instruments with some self-
developed items to create a five-item scale. For example, we rephrased one item that
had been used to measure Master students’ ability to communicate academic theories
to students outside their own academic field (McEwen et al. 2009). A second item
came from a study of the learning outcomes of an interdisciplinary team-teaching
method (Little and Hoel 2011), which asked students to rate their confidence in their
ability to communicate effectively. We reformulated it to refer to a competency (‘I can
communicate effectively about scientific theories with students outside my own field of
study’). The newly developed items pertain to communication with non-experts and
the ability to communicate discipline-specific content.

Collaboration skills
We measured students’ collaboration skills with an adapted version of a teamwork scale
(α = .86), originally developed for interdisciplinary undergraduate engineering education
(Knight 2012; Lattuca et al. 2011). The five items from the original scale were rephrased
to fit the university-wide setting of our research. For example, ‘Please rate your ability to
work in teams that include people from fields outside engineering’ became ‘I am good at
working in teams that include students from outside my own field of study’.

Background variables
Finally, we collected information about the respondents’ gender, age, education nation-
ality (i.e. country where students obtained secondary school degree), the discipline of
their Bachelor’s degree programme, and enrolment in the interdisciplinary programme.

Procedure

Before the data collection began, we gained ethical approval from the ethics committee of
the primary researcher’s research department. All participants were informed about the
research aim and provided explicit, informed consent before they started filling in the
questionnaire. In accordance with the European Union General Data Protection Regu-
lation, a privacy statement explained all privacy-related issues and informed participants
about data storage and security.

Prior to the main study, we conducted a pilot study. First, we discussed a previous
version of the IUQ through a think-out-loud procedure with two Bachelor’s students.
Second, in fall 2018, we conducted a pilot study among 120 second-year Bachelor’s stu-
dents to test both the data collection procedure and the questionnaire. The feedback led
us to make some slight adjustments to several questions. Both, the thinking-out-loud
procedure and the pilot study among second-year students, are not further presented
in the current article.

The data for themain studywere collected in twoways. Students enrolled in the interdis-
ciplinary excellence programmewere visited by the principal investigator during a lecture at
the start of the programme. She told students about the purpose of the study and invited
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them to participate. They received a paper questionnaire and could complete it on site or
return it to the research institute later. A second group of respondents, who were not
enrolled in the interdisciplinary excellence programme, received an invitation by e-mail
and filled in the questionnaire digitally. Theywere engaged inmore than 45 different Bache-
lor’s programmes, so it would be impossible to solicit their participation in person.

Data analysis

The data analysis was conducted in SPSS Statistics 25 and R (version 4.0.2), using R’s data
packages BDgraphs, haven, Lavaan (0.6–7), semPlot, and zip. With SPSS, we organised
the data set, reversed scores as needed, obtained cluster grouping variables, and calcu-
lated descriptive statistics. The (multigroup) confirmatory factor analysis were conducted
in R/Lavaan. Due to the length of the test battery, some participants did not complete the
full IUQ. We did not want to delete respondents from our data set, so we chose to use the
full information maximum likelihood (FIML) option, a relevant technique for handling
missing data (Beaujean, 2014). With FIML, we calculated parameter estimates for all
observations and combined them into final estimates for all observations.

We conducted both a confirmatory factor analysis (CFA) and multi group confirma-
tory factor analysis (MGCFA) to assess the conceptualised model of interdisciplinary
understanding (Figure 1).

Confirmatory factor analysis
We startedwith a satisfactoryfirst-ordermodel, then continued the process bymodelling a
higher-order model. We preferred to use a modelling above a statistical approach for this
evaluation because χ2 values are sensitive to sample sizes (Beaujean, 2014;Meade, Johnson,
and Braddy 2008). We applied four fit indices (Bentler 1990; Brown 2015; Hu and Bentler
1999; Kline 2011): the Tucker–Lewis index (TLI), which should be greater than .95; the
comparative fit index (CFI), which preferably exceeds .90; and the standardised root
mean square residual (SRMR) and root mean square error of approximation (RMSEA),
both of which should be smaller than .08 and preferably smaller than .05. For comprehen-
siveness, we also report the model χ2. Furthermore, we evaluated eachmodification in two
steps. First, we inspected the factor loadings and removed non-significant indicators and/
or indicators with a standardised factor loading smaller than .40. Second, we added covari-
ances between error terms, based on post hoc modification indices.

Measurement invariance
We conducted MGCFA to examine measurement invariance by testing ‘whether or not
under different conditions of observing and studying phenomena, measurements yield
measures of the same attributes’ (Horn andMcArdle 1992, 117). If invariance holds, differ-
ences between groups or individuals can be interpreted as actual differences, not artefacts
caused by, for example, their different interpretations of the instrument (Beaujean, 2014).
MGCFA is related to construct bias, because it is a method to verify that a questionnaire
measures the same construct in different groups (Kline 2011). We checked the model’s
measurement invariance by using respondents’ disciplinary background, namely huma-
nities (i.e. arts, philosophy, theology and religious studies), science (i.e. natural sciences,
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engineering, medical sciences), and social sciences (i.e. economics, business, behavioural
and social sciences, law, spatial sciences), as a grouping variable.

We tested four levels of measurement invariance: configural, metric, scalar and error
variance invariance (Vandenberg and Lance 2000). Configural invariance indicates that
the same latent variable model applies to all three disciplinary groups. Both the number
of factors and the factor-indicators are equal (Kline 2011). Next, to test for metric invar-
iance (also called ‘weak invariance’ [Beaujean, 2014]), we added the loadings of the indi-
cators and constrained them to be equal across groups (Vandenberg and Lance 2000). In
the scalar invariance (also called ‘strong invariance’ [Beaujean, 2014]) model, the inter-
cepts are forced to be identical across groups too (Vandenberg and Lance 2000). Scalar
invariance is a requirement to allow score comparison across groups. Finally, the
measure of error variance invariance (also called ‘strict invariance’ [Beaujean, 2014]) con-
strains the error variances to be equivalent as well (Vandenberg and Lance 2000).

Invariance model testing entails hierarchical modelling, so each step needs to be com-
pared with the previous level of tested invariance (Beaujean, 2014). In our modelling
approach, we used the RMSEA to evaluate adequate fit and the change in the CFI to
compare models against one another (Meade, Johnson, and Braddy 2008). Any
changes in the RMSEA should be within a margin of .015 (Chen 2007); a change in
the CFI that is equal to or less than .01 suggests the model is invariant relative to the pre-
vious version (Cheung and Rensvold 2002).

Results

Confirmatory factor analysis

We started building the hypothesised first-order model and its six factors (knowledge of
different disciplinary paradigms, knowledge of interdisciplinarity, reflection skills, criti-
cal reflection skills, communication skills, collaboration skills), measured by 27 items.
The results showed that the data did not adequately fit the model (see Table 2). Three
indicators had low factor loadings (below .40): one of the reflection items (‘I sometimes
question the way others do something and try to think of a better way’, λ = .21), one item
from the knowledge of interdisciplinarity scale (‘I can use what I have learned in an aca-
demic course in another non-academic setting’, λ = .31), and one communication scale
item (‘I find it difficult to explain what my Bachelor’s study is about to students
outside my own field of study’ (reversed), λ = .30).

We deleted the reflection item and reran the CFA, but the model fit indices again
suggested that it could be further improved. All factor loadings were significant, but
the two previously mentioned communication and interdisciplinarity items still had
low loadings. We therefore eliminated the communication item and ran a third
model. It approached the thresholds for sufficient model fit, with the exception of the
TLI scores. We therefore deleted the interdisciplinary item in a fourth run. With this
version of the model, all factor loadings exceeded the cut-off score of .40. However,
when we assessed the covariances across error terms, the modification indices of this
fourth model suggested adding covariance between the errors of two collaboration
skills items. With this alteration, we created and tested a fifth version of the first-order
model. Its TLI score exceeded .95, so it met all the model fit criteria.
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We continued the testing procedure by adding two higher-order factors for knowledge
and skills. The fit indices of this higher-order model affirmed that the data fitted the pro-
posed model quite well (i.e. CFI reached the cut-off score of .90, the TLI value
approached the .95 threshold, and both RMSEA and SRMR remained below .08).
However, the factor loading of the first-order critical reflection factor turned out to be
low, scoring less than .40. After examining the modification indices, we tried to increase
its loading by adding covariance between critical reflection and the communication
factor, and the altered model met most goodness-of-fit criteria. However, we did not
attain .95 for the TLI. In another attempt to improve the model, we added covariance
between the collaboration and reflection factors, as suggested by the modification
indices. This third version of our higher-order model resulted in a model that reached
the preferred TLI cut-off threshold.

The final higher-ordermodel confirmed the presence of two higher-order latent factors
(knowledge and skills) and six underlying latent factors (knowledge of different disciplin-
ary paradigms, knowledge of interdisciplinarity, reflection skills, critical reflection skills,
communication skills, and collaboration skills). We also note two covariances between
the error terms of latent factors, between critical reflection and communication and
then between collaboration and reflection. The model parameters are displayed in Table
A4,AppendixA, andwe offer a graphical representation of themodel in FigureA2,Appen-
dix B.

Measurement invariance
We tested the model’s measurement invariance through MGCFA. The test for configural
invariance indicates good model fit (CFI = .911; RMSEA = .049), such that the same
latent variable model applies to all three education domains (Table 3). In support of
metric invariance, the change in CFI and RMSEA remained within the change
margins (ΔCFI = .010; ΔRMSEA = .001). The indicator loadings thus appear equal
across groups. We also confirm identical intercepts with the scalar invariance test
(ΔCFI = .004; ΔRMSEA < .001). The model passes the error variance invariance test
too (ΔCFI = .009; ΔRMSEA =.001), so the error variances are equivalent. The CFI of
this final model is close to the threshold (CFI = .888), and the RMSEA indicates good
model fit (RMSEA = .051). In summary, the measurement invariance tests affirm that
the construct interdisciplinary understanding is measured equally for the three academic
fields (humanities, science, social sciences).

Table 2. Fit indices for subsequent models.
Model χ2 CFI TLI RMSEA SRMR

First-order model 1 χ2(309)= 532.52, p < .001 .93 .92 .04 .05
First-order model 2 (deletion of reflection item) χ2(284)= 485.56, p < .001 .93 .92 .04 .05
First-order model 3 (deletion of communication item) χ2(260)= 440.50, p < .001 .94 .93 .04 .04
First-order model 4 (deletion of interdisciplinary item) χ2(237)= 387.13, p < .001 .95 .94 .04 .04
First-order model 5 (addition of covariance) χ2(236)= 338.87, p < .001 .96 .96 .03 .04
Higher-order model 1 (addition of two higher-order factors) χ2(244)= 414.01, p < .001 .94 .93 .04 .05
Higher-order model 2 (addition of covariance) χ2(243)= 387.71, p < .001 .95 .94 .03 .04
Higher-order model 3 (addition of covariance) χ2(242) = 362.13, p < .001 .96 .95 .03 .04
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Discussion

We report on the careful validation of an instrument to measure research university stu-
dents’ level of interdisciplinary understanding. As our first research aim, we sought to
develop and validate an effective, self-reported instrument, in the context of a compre-
hensive research university. In addition, we tested its measurement invariance across stu-
dents who focus on humanities, science, and social sciences domains.

In line with Spelt et al.’s (2009) review findings, regarding the knowledge and skills
dimensions of interdisciplinary understanding, we compiled a measurement instrument
with previously used items (Kember et al. 2000; Knight 2012; Lattuca et al. 2011, 2012;
Little and Hoel 2011; McEwen et al. 2009) and newly developed items, which we
tested among 505 first-year Bachelors’ students. Confirmatory factor analyses support
our conceptualised model of interdisciplinary understanding. That is, we identify two
higher-order latent factors, knowledge and skills. In addition, we specify six underlying
latent factors. The knowledge higher-order factor comprises, as expected, knowledge of
different disciplinary paradigms and knowledge of interdisciplinarity. The skills higher-
order factor in turn consists of reflection skills, critical reflection skills, communication
skills, and collaboration skills. The final version of the IUQ includes 24 items. To the
best of our knowledge, this article offers the first attempt to confirm theoretical claims
about the structure of interdisciplinary understanding with empirical data.

Our check of whether this proposed measurement instrument can be unambiguously
interpreted across groups also demonstrates its configural, metric, scalar, and error var-
iance invariance across students from three different groups of academic disciplines. That
is, differences that arise across groups of individuals likely are caused by their existing
group differences, and not by ambiguous interpretations of the questionnaire or other
unobserved effects (Beaujean, 2014).

Limitations and further research

Several limitations mark this study. We collected study data from high-achieving stu-
dents and we have no evidence that suggests interdisciplinary understanding takes a
different constitution among students with varying levels of achievement. However, it
would be pertinent to conduct complementary research with a more diverse population
consisting of students with different achievement levels.

Our participants were all first-year students, reflecting the goals of a broader project in
which the current study will serve as a baseline measure for longitudinal research. Stu-
dents who participated had not had any substantial experience in interdisciplinary edu-
cation at the university level, so their answers to the interdisciplinary understanding
questionnaire indicate their likely propensity for this ability. For this reason, only the

Table 3. Fit indices for measurement invariance.
Model CFI RMSEA ΔCFI ΔRMSEA χ2 df Δχ2 Δdf p

Configural invariance .911 .049 988.121 726 <.001
Metric invariance .901 .050 .010 .001 1060.877 770 72.756 44 <.001
Scalar invariance .897 .050 .004 .000 1104.245 802 43.368 32 <.001
Error variance invariance .888 .051 .009 .001 1178.481 850 74.236 48 <.001

Note: Chi-square values are reported only for the sake of completeness.
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structure of the underlying model and its measurement invariance are discussed in the
current article.

In future research, we will administer the IUQ among more advanced students and
also track student progression over the course of their study programme. Insight into stu-
dents’ maturation will contribute to a better understanding of students’ interdisciplinary
literacy; the repeated measurement also might provide insight into which aspects of
interdisciplinary understanding students have developed to greater or lesser extents. In
turn, we plan to provide teachers and administrators with relevant information for
improving the curriculum.

Another potential concern relates to the self-reported questionnaire. Such data collec-
tion efforts are appealing because they take less time, compared with standardised testing
or observations. However, it might be helpful to develop additional instruments to
measure students’ interdisciplinary understanding. Observations of students’ actions in
interdisciplinary course work or serious games might be informative, though these
methods also are difficult to deploy on a large scale, time-consuming, and costly.

In our conceptual model we excluded students’ knowledge of academic disciplines,
which we conceive as a substantive grounding in some academic discipline. In the
context of our study, it was impossible to measure grounding in a particular discipline
since our population was enrolled in 45 different Bachelor’s programmes spanning
languages, law, medical sciences, psychology, science, and so on. Moreover, at the time
of our study, students had only had courses in their Bachelor’s discipline for six
months. Nevertheless, we suggest to research whether early disciplinary grounding –
i.e. gaining knowledge and skills in a specific academic discipline (Bachelor’s pro-
gramme) – would be an advantage or disadvantage for the development of interdisciplin-
ary understanding in for instance students’ Master’s phase. This could for example be
done by adding a measurement instrument that determines students’ level of disciplinary
knowledge within a particular academic field.

Finally, the aim of the current study was validating the Interdisciplinary Understand-
ing Questionnaire and testing its measurement invariance. The actual scores participants
obtained on the questionnaire were not reported, because this was simply outside the
scope of our validation research. In future research, we plan to use our questionnaire
to explore students’ interdisciplinary achievement in subsequent years and to analyse
whether and how student characteristics influence scores on interdisciplinary
understanding.

Practical implications

Our research supports the hypothesis that interdisciplinary understanding as a learning
outcome entails both knowledge-related and skills-related components. Both should
therefore be addressed in the interdisciplinary teaching and learning practice. We
suggest incorporating these in the learning goals of interdisciplinary education pro-
grammes and in its teaching approaches. Thus, an interdisciplinary degree programme
should not only focus on topics that require an interdisciplinary approach, but should
also explicitly pay attention to knowledge outcomes regarding differences between
research paradigms, research methods and approaches used in diverse academic fields,
and how these could be actively used in the interdisciplinary classroom. Besides that,
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skills-related learning outcomes – for instance communication and collaboration in
interdisciplinary settings – should have their position within the interdisciplinary
curriculum.

The IUQ might be a useful instrument to assess students’ progression in interdisci-
plinary study programmes. It could be used as a formative assessment tool to yearly
measure students’ generic interdisciplinary knowledge and skills. In addition, the
questionnaire might generate useful insight for interdisciplinary programme evaluation.
It can provide insight into the extent to which students reach the goals of interdisciplin-
ary study programmes and which components of the programme might be further
improved. Lecturers and academic management staff could in such manner review if
interdisciplinary knowledge and skills are adequately taught throughout the curriculum.

Conclusion

On the basis of our effort to establish an instrument to measure students’ interdisciplin-
ary understanding in the context of a comprehensive research university, we present the
Interdisciplinary Understanding Questionnaire, consisting of 24 items with good con-
struct validity. The instrument achieves measurement invariance across groups of stu-
dents from different academic disciplines, so any differences found are not due to the
instrument itself or varying interpretations by students from three categories of academic
disciplines, and instead, these groups of students can be compared viably. Thus, our
study expands the current knowledge base by providing an empirical validation of an
existing conceptual model of interdisciplinary understanding.

The resulting measurement instrument offers a good starting point for continued
research into the learning outcomes of interdisciplinary education in general. More
specific, it is a promising starting point for our longitudinal research into the effective-
ness of an interdisciplinary excellence programme in a comprehensive research univer-
sity. We believe our research contributes to the continued effort to educate students who
can take interdisciplinary approaches to the wicked problems that confront today’s
complex society.
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Appendices

Appendix A
Table A4. Higher-order confirmatory factor analysis (N = 505).

Items
Factor
loading

Standardised factor
loading SE p

Knowledge of disciplinary paradigms
(D_1) I have a good understanding of the strengths and limitations
of academic disciplines.

1.00 .59

(D_2) I recognise the kinds of evidence that different fields of study
rely on.

1.09 .65 .11 <.001

(D_4) If asked, I could identify the kinds of knowledge and ideas that
are distinctive to different fields of study.

.99 .59 .11 <.001

(D_5) I am good at figuring out what students in another field of
study have missed in explaining a problem or solution.

1.02 .56 .12 <.001

Knowledge of interdisciplinarity
(I_1) I often think about how different academic fields approach the
same problem in different ways.

1.00 .64

(I_2) While solving an academic problem, I am good at figuring out
which information from outside my own field of study I can use.

.93 .75 .07 <.001

(I_3) I sometimes take ideas from outside my own field of study
while working on an academic problem.

.92 .68 .08 <.001

(I_5) While solving problems within my own field of study, I often
seek information from experts in other academic fields.

.79 .58 .08 <.001

(I_6) I often read about topics outside of my own field of study. .62 .40 .08 <.001
(I_7) I see connections between ideas in natural sciences and social
sciences.

.70 .52 .07 <.001

Reflection
(R_2) I like to think over what I have been doing and consider
alternative ways of doing it.

1.00 .62

(R_3) I often reflect on my actions to see whether I could have
improved on what I did.

1.21 .72 .12 <.001

(R_4) I often re-appraise my experience so I can learn from it and
improve for my next performance.

1.04 .62 .11 <.001

Critical reflection
(Cr_1) As a result of university education, I have changed the way I
look at myself.

1.00 .57

(Cr_2) University education has challenged some of my firmly held
ideas.

1.08 .58 .14 <.001

(Cr_3) As a result of university education, I have changed my normal
way of doing things.

.98 .52 .12 <.001

(Cr_4) During university education, I discovered faults in what I had
previously believed to be right.

1.10 .57 .15 <.001

Communication
(Cm_1) I am able to explain knowledge and ideas from my own field
of study effectively to non-experts.

1.00 .52

(Cm_3) I can easily summarise a complex scientific theory. 1.76 .77 .18 <.001
(Cm_5) I think that I can communicate effectively about scientific
theories with students outside my field of study.

1.25 .67 .14 <.001

(Continued )

446 J. E. SCHIJF ET AL.

https://doi.org/10.1111/j.1540-6210.2007.00866.x
https://doi.org/10.1007/s10734-006-9027-3
https://doi.org/10.1007/s10734-006-9027-3
https://doi.org/10.1007/s11165-019-9836-x


Table A4. Continued.

Items
Factor
loading

Standardised factor
loading SE p

Collaboration
(Cl_1) I can work well in teams of students with a variety of academic
skills.

1.00 .52

(Cl_3) I am good at working with other students to accomplish
group goals.

1.03 .51 .10 <.001

(Cl_4) I can work well in teams where knowledge and ideas from
multiple fields of study must be applied.

1.44 .84 .14 <.001

(Cl_5) I am good at working in teams that include students from
outside my own field of study.

1.26 .77 .12 <.001

Higher-order Knowledge
Knowledge of disciplinary paradigms 1.00 .85
Knowledge of interdisciplinarity 1.66 .98 .20 <.001
Higher-order Skills
Reflection 1.00 .65 <.001
Critical reflection .70 .42 .15 <.001
Communication .87 .75 .14 <.001
Collaboration .82 .66 .14 <.001

Appendix B

Figure A2. Graphical representation of the higher-order model.

EUROPEAN JOURNAL OF HIGHER EDUCATION 447


	Abstract
	Introduction
	Interdisciplinary understanding
	Definition
	Conceptualisation

	Method
	Setting and participants
	Instrument
	Knowledge of different disciplinary paradigms
	Knowledge of interdisciplinarity
	(Critical) Reflection skills
	Communication skills
	Collaboration skills
	Background variables

	Procedure
	Data analysis
	Confirmatory factor analysis
	Measurement invariance


	Results
	Confirmatory factor analysis
	Measurement invariance


	Discussion
	Limitations and further research
	Practical implications

	Conclusion
	Disclosure statement
	Notes on contributors
	ORCID
	References
	Appendices
	Appendix A
	Appendix B



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.90
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.90
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.245 841.846]
>> setpagedevice


