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ABSTRACT

This research paper presents an overview and evaluation of existing instruments
utilized to assess epistemological beliefs, beliefs people hold regarding the nature of
knowledge and knowing, including how knowledge is constructed and its certainty or

tentativeness, within the context of engineering education.

Assessment of epistemological beliefs in engineering education is crucial for
understanding students' perspectives on knowledge and learning. To successfully
carry out such an assessment, we need validated reliable psychometric tools. A
literature review on the subject revealed a lack of evidence on the state of knowledge

on epistemology in engineering education.
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To address that gap, we conducted a systematic literature review spanning from 1997
to 2023 across representative databases and journals in the field and guided by the
guestion, "What existing instruments are designed to measure or characterize
epistemological beliefs in engineering?"

The search revealed two instruments, and upon further examination, we concluded
that none of the quantitative instruments already available are based on a conceptually
coherent and empirically robust model of epistemic development in engineering, and
hence can’t be used to produce reliable measures.

The engineering education research community need to dedicate efforts towards
designing and validating an engineering-specific epistemological tool. The creation
and validation of such an instrument is a step towards understanding epistemological
beliefs among engineering students, which in turn is crucial for effective instructional
design and curriculum development. We posit that such development offers a nuanced
supplement to conventional grading-centric assessments.

1 INTRODUCTION
1.1 Background

There are four popular types of beliefs typically studied in engineering education:
epistemic, self-efficacy, mindset, and goal-orientation beliefs (Kramer et al., 2024).
This study will focus on epistemic beliefs, which are the beliefs that people have
about the nature of knowledge and knowing, such as what counts as knowledge,
how knowledge is constructed, and how certain or tentative knowledge is
(Hetherington, 2012).

Assessing epistemological beliefs in engineering education is crucial for
understanding students' perspectives on knowledge and learning. They also have
implications for various aspects of cognition, motivation, and achievement (Chai et
al., 2006; Muis et al., 2006). Carberry (2010) and Frye et al. (2012) both found that
engineering students often hold simplistic and certain views of knowledge, which can
impact their learning and comprehension of engineering concepts. Ghazali et al.
(2021) further emphasizes the importance of understanding and shaping students’
epistemological beliefs, suggesting that educators play a key role in this process. An
educator’s own epistemological beliefs influence teaching and learning (Bendixen &
Rule, 2004; Green & Hood, 2013; Montfort et al., 2014) which underline all
instructional design aspects including teaching strategies, learning objectives, and
assessment techniques. Educators need to know what the students know to in turn
design better educational experiences (Turns et al., 2005), further proving the
practical implications of measuring and characterizing epistemic beliefs (Yildirim et
al., 2010). These studies collectively highlight the significance of assessing and
addressing epistemological beliefs in engineering education, which in turn responds
to recent calls in the field for explicitly defining and measuring beliefs as a construct
(Kramer et al., 2024), and addressing the lack of philosophical engagement with
epistemology in the context of engineering disciplines (Boon & Baalen, 2018).

1.2 Literature Review

Looking at all existing instruments to measure epistemic beliefs, we grouped existing
instruments into three groups: 1- Domain-general: typically have been created by



psychologists to be widely applied to various contexts or majors of study e.g.
Epistemic Beliefs Inventory. 2-domain-specific-non-engineering: Instruments that are
designed for a specific field or context outside of engineering, and at times borrowed
and applied to engineering. e.g. MED NORD a tool designed for medical students'
conceptions of knowledge (Lonka et al., 2008) 3- Domain-specific engineering:
Instruments that are designed for engineering and have been validated to be used
with engineering students. This paper and the following analysis focused only on
instruments falling in the third category mentioned above, engineering-specific
instruments.

Research in the field of epistemological beliefs among university students has
revealed notable disparities in how individuals perceive knowledge across different
academic disciplines. Hofer (2000) discovered such disparities between first-year
college students studying science and psychology. Similarly (Palmer & Marra, 2004)
found similar differences in epistemological perspectives of science and engineering
university students varying across the disciplinary areas of the sciences and the
humanities. Faber & Benson (2017) further emphasized that epistemic cognition in
engineering may diverge from other fields due to the distinctive nature of engineering
knowledge and problem-solving demands. A component of studying knowledge —
epistemology- is looking at individuals’ justification of knowledge claims. DeBacker et
al. (2008) argue that epistemic beliefs are domain-specific, as individuals may
employ varying standards and justifications across different fields.

Hence, the study of epistemic beliefs can’t be separated from the standards and
practices in a given context, because those beliefs are contextualized within a
context and hence ruled by disciplinary boundaries (Pintrich, 2002; Yu & Strobel,
2011) which raised criticism against domain-general instruments for their inability to
capture the nuances of disciplinary differences (Hofer, 2000). These arguments
collectively point towards the discipline-dependent nature of epistemic beliefs and
consequently should be the instruments measuring them, therefore the focus of our
paper here is on domain-specific engineering instruments.

2 METHODOLOGY
2.1 Method

Systematic Literature Review (SLR) is a research methodology aimed at critically
appraising patterns or gaps in a given topic through synthesizing prior work on a
given subject within a defined time frame to better identify new directions of research
(Petticrew & Roberts, 2006). SLR can be done for different primary goals including
tracing historical development, describing the state of knowledge or practice, or
evaluating or developing theory (Borrego et al., 2014). This review will focus on the
second purpose which is to identify existing research instruments designed to
characterize epistemological beliefs. The particular focus of the search was on
seminal research that documents the creation of such instruments, as well as
research done on the validation and use of those instruments across contexts. The
search is guided by the question: What are the existing instruments designed to
measure/characterize epistemological beliefs in engineering?

The selection of the search terms was informed by the team's expertise as well as
referencing the engineering education research taxonomy (Finelli & Borrego, 2015).



The resulting search combination is Epistem* AND Engineer* AND (Beliefs OR
persp* OR cogniti* OR thinking) AND (instrument OR test OR questionnaire OR
survey).

To define the inclusion and exclusion criteria of the papers found, we considered the
language of publication, type of content (excluded editorials), population targeted by
studies (exclude studies of children, K-12), discipline (as explained by the typology)

and bounded the search with a year range.

Following the official language of our institution, our intended study will be conducted
in English. Therefore the instrument has to be originally written in English, or a
version translated to English is validated [when an instrument is translated or
adapted from a different language, new evidence of validity should be conducted
(American Educational Research Association et al., 2014)].

Data collected included studies from 1997 to 2023. The start of the date range was
decided based on the publication of Hofer and Pintrich's (1997) meta-analysis of
students’ epistemological belief research that critically examined different research
projects' use of definitions and theoretical framework related to the subject and
presented theoretical and methodological issues in those studies.

The number and categories of databases to use for the SLR is a vital step in
ensuring accurate search results and reducing selection bias as much as possible.
While there is an agreement on the importance of defining and restricting the number
and type of databases to include in a search (Mengist et al., 2020) the exactness of
the criteria is less agreed upon. To decide on that step, we referenced multiple
sources (Borrego et al., 2014; Bramer et al., 2017) and decided to focus on the
databases Web of Science and Scopus to guarantee efficient coverage.

2.2 Analysis

Studies were screened following the pre-defined criteria, as reported in Table 1.
Initial screening was performed by studying the title of the publication and
categorizing it into one of three buckets: To include (Yes, No, or Maybe).
Publications that didn’t develop an instrument, or use a domain-general instrument to
address engineering university-level education were labelled “No” and excluded. The
publications where it wasn’t clear from the title whether they developed or applied an
instrument were labelled “maybe”. The second round of the search tackled the group
labelled as “maybe” by reading the abstract and deciding whether or not to include
them. The last round of the search retrieved the full papers that got labelled as “Yes”.
If any of those papers didn’t discuss an instrument, they were further excluded. This
resulted in two instruments discussed across six papers as shown in Table 2.

Table 1: SLR search results and filtration

Databas | Example journals No. of Results Results Final results
e and conference results based on | based on
searche | proceedings yielded in | initial intermediat
d included in the the initial categoriz | e

database search search ation categorizat

ion

Web of | International 112 Yes: 4 Yes: 17 Yes: 6
Science | Journal of _ _ _

Engineering No: 86 No: 95 No: 106




Education; Journal Maybe:

of Engineering 22

Education;

Frontiers in

Education
Scopus | European Journal | 134 (55 Yes: 0 Yes: 0 No new

of Engineering overlapped ) ) papers

Education; with Wos | NO:63 [ No16 o ded

American Society | results, 79 | Maybe: beyond the

of Engineering new 16 5 above

Education papers)

Table 2: Finalized list of papers included following the search criteria
Instrument Paper Paper purpose
The 1- A Pilot Validation Study of the Instrument
Epistemological Epistemological Beliefs Assessment for developing
Beliefs Engineering (EBAE): First-Year Engineering
Assessment for Student Beliefs (Carberry et al., 2010)

I(:‘é?gzvg)er/ng 2- Assessing Engineering Service Students' Instrument
Characteristics (Carberry, 2010) application
The 3- Afirst step in the instrument development of | Instrument
Engineering engineering-related beliefs questionnaire developing;
Related Beliefs (Yu & Strobel, 2012) Analvsis of
Questionnaire EgaAéS'S °
(ERBQ)
4- Exploring engineering students’ epistemic Instrument
beliefs and motivation: a case of a South application
African university (Makhathini et al., 2020)
5- Measuring engineering epistemic beliefs in | Instrument
undergraduate engineering students (Faber | application
et al., 2016)
6- Engineering Students' Epistemic Cognition Instrument
in the Context of Problem Solving (Faber & | application
Benson, 2017)
3 RESULTS

3.1 Summary of Papers

3.1.1 A Pilot Validation Study of the Epistemological Beliefs Assessment for
Engineering (EBAE): First-Year Engineering Student Beliefs

EBAE (Carberry et al., 2010) is a quantitative instrument to assess engineering
students’ epistemological beliefs. It is based on Hofer and Pintrich’s (1997)
dimensions of epistemological beliefs and includes items concerning the nature of
engineering knowledge (certainty of knowledge, simplicity of knowledge) and the




nature of engineering knowing (source of knowing, and justification of knowledge). It
was piloted with 43 first-year engineering students in the US context resulting in
thirteen validated items in four constructs.

3.1.2 Assessing Engineering Service Students' Characteristics

This paper studies students' epistemological development in the context of service
learning. To understand how to integrate service opportunities into engineering
education, the author set out to understand why students are drawn to these
experiences and the reasons behind their inclination towards service. The paper has
a significant focus on assessing students’ engineering epistemological beliefs, and
hence its inclusion in our selected papers. Using EBAE as a data collection tool,
preliminary results suggested students exhibiting sophisticated engineering
epistemological beliefs.

3.1.3 Afirst step in the instrument development of engineering-related beliefs
guestionnaire

The paper presents a framework for understanding engineering-related beliefs,
which are crucial for students’ learning and problem-solving in engineering. They aim
to develop a reliable and valid Engineering-related Beliefs Questionnaire, focusing
on engineering knowledge, skills, attitudes, identity, and values. The paper
contributes to the field by attempting to measure and support the change in students’
beliefs, hence its inclusion in our final list of papers.

3.1.4 Exploring engineering students’ epistemic beliefs and motivation: a case of a
South African university

The paper investigates the epistemic beliefs and motivations of chemical engineering
students from low-income communities in South Africa. The study explores how
students perceive knowledge construction, using the Engineering Related Beliefs
Questionnaire (ERBQ). It reveals that many students view engineering knowledge as
unchallengeable and learning as a passive process.

3.1.5 Measuring engineering epistemic beliefs in undergraduate engineering
students

The paper investigates undergraduate bioengineering students’ epistemic beliefs. It
utilizes ERBQ and open-ended items to validate the instrument, hence we included
the paper in the final list. The researchers’ analysis revealed inconsistencies in
students’ interpretations of survey items, suggesting a need for clearer language to
accurately capture their epistemic beliefs.

3.1.6 Engineering Students' Epistemic Cognition in the Context of Problem Solving

The study explores the connection between engineering students’ epistemic
cognition and their motivation when solving open-ended problems. Utilizing a mixed
methods approach, partially based on ERBQ, the research identifies clusters of
students based on their beliefs about the source and certainty of engineering
knowledge, as well as their openness to new ideas. Findings suggest that students’
approaches to problem-solving are influenced by their epistemic beliefs and
motivations.



3.2 Analysis of Papers
3.2.1 The Epistemological Beliefs Assessment for Engineering (EBAE)

As reported by the authors of the instrument, the sample size they used (N = 43) is
smaller than the minimum recommended for performing a factor analysis, which
affects the validity of the results they reported. Also, no internal consistency
measures (Cronbach alpha) were reported. The authors also ran into the problem of
low participation rate (27%) which raises concerns about the generalizability of the
findings to all first-year engineering students.

In terms of other works that tried using this instrument, (Carberry, 2010) didn’t
validate the instrument items using factor analysis or test for reliability as the study
reported in the publication was a work-in-progress. (Yu & Strobel, 2011) analysis of
the instrument found that only two items were directly related to engineering
epistemology, while the rest addressed learning or general epistemological beliefs
without adopting domain-specific constructs. (Faber et al., 2016) reported a similar
critiqgue that although the instrument is intended for engineering-specific
epistemology, it is not specific enough to engineering.

Overall, the limitations reported for the EBAE suggest that further refining of the
items to accurately measure engineering-specific epistemological beliefs is needed,
as well as validating the instrument with a larger and more diverse sample of
responders.

3.3 The Engineering Related Beliefs Questionnaire (ERBQ)

To establish this instrument, the researchers (Yu & Strobel, 2011) first developed a
conceptual framework that acknowledges the connection between epistemological
beliefs, epistemic beliefs, and ontological beliefs. Following that framework, as well
as Hofer and Pintrich’s (1997) framework (similar to EBAE) the researchers collected
several engineering-related beliefs items from existing studies that address each of
the three aforementioned constructs, and after refinement, they presented a total of
22 items.

Although content validity testing was performed by the research team where they
discussed the instrument in focus groups, they acknowledged that further testing of
the instrument with engineering students is needed to produce the final version of
the instrument. Their paper introduces a version of what the instrument could look
like, but does not pilot test it. According to our search, this pilot was never performed
by the research team or by other researchers.

Similar to the lack of addressing engineering-specific domain constructs reported for
EBAE, Faber & Benson (2017) reported that ERBQ only includes two items directly
related to engineering epistemology. Also, in their attempt to use the instrument they
faced low internal consistency for the sub-scale of simplicity and knowledge. Faber
et al.(2016) used ERBQ along with open-ended items to study how the students
interpreted the items. Their analysis revealed inconsistencies between how the items
are worded and the student's understanding of the items, which goes to show the
importance of including some qualitative measures along with the numerical
instrument.

Some researchers tried to implement that suggestion (Makhathini et al., 2020) by
augmenting the items on the ERBQ with open-ended responses to invite the



students to engage more deeply with the items on the instrument, and those
responses were used for further validation. Their results discarded four of the original
twelve items under the source of engineering knowledge construct due to claimed
low-reliability factors. Similarly, they also discarded two of the original seven items
under the certainty of knowledge construct, leaving 16 out of the original 22 items.

Overall, ERBQ needs iterative refinement of its items, as well as further testing,
especially with engineering student populations to ensure the development of a
robust and reliable instrument.

4  SUMMARY AND FUTURE WORK

In summary, the EBAE, as it stands, is compromised by several methodological
limitations, including a small sample size (N = 43) for factor analysis, a lack of
internal consistency measures, and a low participation rate (27%). These factors
undermine the validity and generalizability of its findings. Additionally, critiques from
subsequent studies (Carberry, 2010; Yu & Strobel, 2011; Faber et al., 2016) suggest
that the EBAE fails to adequately capture engineering-specific epistemological
beliefs, instead addressing more general epistemological constructs. To address
these concerns, there is a clear need for refining the EBAE items to better reflect the
unique aspects of engineering epistemology and for conducting rigorous validation
studies with larger and more representative samples.

Similarly, the ERBQ also faces significant challenges. The absence of pilot testing
and the reported low internal consistency of some sub-scales (Faber & Benson,
2017) cast doubt on its reliability. Furthermore, the findings from Faber et al. (2016)
highlight the necessity of incorporating qualitative measures to complement
quantitative data. Efforts by Makhathini et al. (2020) to augment the ERBQ with
open-ended responses represent a promising step towards enhancing the
instrument's validity. However, their results also led to the elimination of several
items due to low reliability, underscoring the need for iterative refinement.

Overall, we were surprised by the small number of engineering epistemology-specific
instruments found. In contrast to the science field where various quantitative
instruments have been developed and utilized to measure epistemological beliefs
about the nature of science e.g. the Nature of Scientific Knowledge Scale (NSKS),
engineering lacks a contrasting domain-specific instrument dedicated to engineering
knowledge.

Given the importance of domain-specific instruments (Faber & Benson, 2017; Hofer,
2000; Palmer & Marra, 2004), the engineering education research community needs
to dedicate efforts towards designing and validating an engineering-specific
epistemological tool. Such a tool would serve to guide, enable, and constrain the
analysis and articulation of how knowledge is produced within the engineering field
(Boon & Baalen, 2018). Which in turn enhances students’ learning, motivation, and
achievement (Chai et al., 2006; Muis et al., 2006), and teacher education (Bendixen
& Rule, 2004; Green & Hood, 2013; Montfort et al., 2014) ultimately enabling
educators to design better learning experiences for students (Tan et al., 2019; Turns
et al., 2005).

Future work will expand the analysis by comparing the engineering-specific
instruments presented here with some of the domain-general instruments like the



Epistemic Belief Inventory. In accordance with (Muis et al., 2006) epistemic beliefs
are both domain-general and domain-specific, and such comparison will enable us to
test this argument and consequently design an instrument that potentially provides a
balance between domain-general and domain-specific beliefs. We believe this will be
particularly useful in characterizing epistemic beliefs at interdisciplinary boundaries
when more fluid dimensions are needed to account for the moving lines of context
and domain in interdisciplinary work.
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