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ABSTRACT
Over the last few decades, a wide range of works have featured studies
documenting successful pedagogic collaborations in the form of
university-industry partnerships in engineering education. In light of
this, we conducted a systematic literature review of these studies
centred around five key research questions: (a) purposes of university-
industry collaborations, (b) theories used to guide such work, (c) types
of methods employed, (d) evidence-based best practices identified and
(e) areas of future work to be explored. Publications were selected for
inclusion by screening and appraising results obtained from databases
and keywords refined through a scoping study. We conclude from our
findings that future studies would benefit from better alignment with
literature or theoretical frameworks and specific robust methods.
Additionally, early and middle years of undergraduate engineering
programs offer underutilised opportunities for partnership, in line with
designing a more futures-focused educational curriculum.

ARTICLE HISTORY
Received 1 April 2023
Accepted 28 August 2023

KEYWORDS
systematic literature review;
university-industry
partnerships; engineering
education; educational
collaboration;
undergraduate curriculum

1. Introduction

Developing university-industry partnerships aligns well with current US workforce development
goals calling for broadening participation in Science, Technology, Engineering and Mathematics
(STEM) (National Science Board 2021). Likewise, the UK Royal Academy of Engineering has made
it clear in the past that industry requires more involvement with undergraduate education (Educat-
ing Engineers for the 21st Century 2006). Forging partnerships between industry and universities is a
global phenomenon and has long been touted as a way to achieve excellence through strategic
changemaking at universities (e.g. Graham 2012). However, there is a need to bridge this ideal
with the more conceptual study of collaboration from other fields if we are to gain a better under-
standing of exactly what makes collaborations work in engineering education. Some newer work has
begun to bridge this gap (e.g. Gillen et al. 2021), but in order to continue to make theoretical strides
and find gaps and new avenues for scholarship, it has become necessary to now map the landscape
of literature around university-industry partnership in engineering education.

To start, it is necessary to briefly explore the fundamental research around collaboration across
organisations in general. This has been studied for decades in a variety of contexts. There are a
few highly cited works that come close to foundational pieces in interorganizational collaboration
from Barbara Gray and others (e.g. Gray 1989; Gray and Purdy 2018; Gray and Wood 1991). While
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Gray and Wood (1991) acknowledge that a comprehensive cross-contextual theory of collaboration
may not be possible, these conceptualisations are arguably the closest we have. The general prin-
ciples build on negotiated order theory (Day and Day 1977; Strauss 1978). Later and more taxono-
mised works branching off what came before give us processes around organisational interactions
such as the tension between organisational interests and collaborative interests as described by
public administration scholars (Thomson and Perry 2006; Thomson, Perry, and Miller 2007). While
these works are arguably of the most robust categorisation and have been applied within engineering
education (Gillen et al. 2021), collaboration has also been characterised across a continuum, for
instance, considering superficial partnerships all the way to fully collaborative ones (Kernaghan 1993).

While these efforts from public administration, organisational behaviour, and other fields begin to
articulate a strong background for the study of collaborating across organisations, there is a need to
see to what extent engineering education takes this into account in the study of university-industry
partnerships. Moreover, if researchers in engineering education are not utilising this rich history of
interorganisational collaboration, what do their studies look like? Thus, while the relevance of uni-
versity-industry partnership is clear, the landscape of research guiding the practice has not been
clearly articulated. To this end, the purpose of our systematic literature review of university-industry
partnerships in engineering education is to map five key areas:

. RQ1: What are the purposes/goals of university-industry collaborations for education?

. RQ2: What theories/lenses have been used to guide the study?

. RQ3: What are the methods that have been used in the study of university-industry partnerships?

. RQ4: What are major findings/conclusions from such studies and what evidence-based best prac-
tices have been identified?

. RQ5: What are the areas of future work that need to be explored further?

These questions are structured around the traditional components of human-subject research
articles, including purposes/goals, theories/lenses, methods, findings/conclusions, and future
work. This approach allows for easier development of future scholarship by making plain the gaps
in current literature. It also has the potential to streamline the process for translating key findings
to practitioners. Detailed methods, including criteria used in this systematic review, are further
articulated in the next section and closely follow standards of practice in systematic literature review.

2. Methods

2.1. Methodological framework

We identified our sources for review by following the systematic process of identifying key search
terms and databases as outlined by Tranfield, Denyer, and Smart (2003), in order to adopt a
robust and well-documented process that would be transparent enough to be replicable by other
researchers. In filtering the literature results obtained, we employed the search-screen-appraise
method from Borrego, Foster, and Froyd (2014) and performed a qualitative thematic content analy-
sis both within and across studies, in line with systematic review methodologies prevalent within the
field of engineering education. This has been successfully implemented within a systematic literature
review study of engineering identity conducted by Morelock (2017), whose methodological
approach served as a model for our work.

2.2. Inclusion criteria

As emphasised by Gough (2004), it is crucial for systematic literature reviews to have an explicitly
tight focus and scope, which can be achieved through identifying well-defined research questions
as well as by prescribing a clear set of inclusion criteria. These criteria must be characterised both
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by conceptual as well as operational definitions, with the latter undergoing continual iterative refine-
ment (Cook and West 2012). They must also seek to minimise bias (i.e. they should not intentionally
or unintentionally exclude undesirable or inconclusive results).

With this in mind, we developed the following set of inclusion criteria for a source to be selected
for review. It must be (a) written in English and from a peer-reviewed source, a common practice
adopted in systematic reviews (e.g. Abdul Jabbar and Felicia 2015; Brown et al. 2015); (b) relevant
to one or more of the research questions outlined in Section 1 (as endorsed by EPPI-Centre 2010);
(c) published within the period 1980–2020 (sources earlier than 1980 were not considered to be
as relevant or up to date, as per the guidelines from Cook and West (2012), and it is important to
note that the early 1980s were time at which engineering industry was starting to become more
vocal about workforce skills in conversation with universities (Jørgensen 2007)); (d) focusing on a uni-
versity-industry partnership dedicated exclusively to teaching or pedagogic research within engin-
eering education (studies solely on research-focused partnerships were excluded); (e)
documenting US/UK-based university-industry partnerships (this geographical restriction was
necessary in order to narrow the context of our work in conjunction with the tight scope required,
for which there is a precedent, for example in Holloman et al. (2021) for scoping to a US context to
make the scope more feasible); (f) concerned with partnerships dedicated to undergraduate edu-
cation (sources targeted to graduate students were only included if studies were also conducted
in conjunction with undergraduate students).

As a consequence of the above criteria, the following types of sources were excluded: (a) studies
focusing on school/K-12/pre-college/pre-university/postgraduate education (as we want to focus
our study on undergraduate education); (b) studies documenting outreach work, community part-
nerships, distance learning, faculty professional development and workplace training for practising
engineers (as we are primarily concerned with intracurricular university-industry partnerships); (c)
sources primarily featuring outputs of symposiums/workshops/conferences as well perspective
articles and opinion pieces (as these are typically devoid of some form of research or evaluation);
(d) studies within the disciplines of software engineering/computer science/information technol-
ogy/engineering entrepreneurship (as we wish to limit our focus to the traditional engineering
sub-disciplines); (e) studies featuring case studies highlighting non-US/UK university-industry part-
nerships (these were necessary to omit in order to constrain the large number of relevant works
obtained including those from Australia, Ireland and Brazil).

Contexts outside our scope, such as non-US/UK partnerships and studies focusing primarily on
graduate education, merit their own reviews. This is based on our assessment of the quantity of lit-
erature available in these areas during our scoping review. Limiting ourselves was necessary to
protect the feasibility of our review and transferability of our findings.

2.3. Scoping study, databases and search terms

We conducted a scoping review to initially test preliminary sets of databases and search terms and to
survey the breadth of literature around university-industry partnerships in engineering education.
During the course of this, we iteratively refined search terms and database selections to eliminate
sources that did not satisfy the inclusion criteria listed in Section 2.2.

The final search terms used were:

(University OR College) AND (Industry OR Business) AND (Partnership OR Collaboration) AND Engineering
Education

The final selection of subject-specific databases, adopted from those suggested by Borrego, Foster,
and Froyd (2014) were:

(a) Education Resources Information Centre (ERIC) (EBSCO)
(b) ERIC (ProQuest)
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(c) British Education Index (EBSCO)
(d) Compendex
(e) Inspec

The first three of these (a), (b) and (c) are authoritative databases containing records of indexed
and full-text education-related literature and resources, while the last two (d) and (e) constitute
definitive scientific and technical databases within the engineering disciplines.

More general databases such as Scopus, PsycINFO, Journal Storage (JSTOR), ScienceDirect and
Wiley were excluded as they yielded too many results as were the databases Communication
Abstracts (EBSCO), Communication and Mass Media Complete (EBSCO), Academic Search
Complete and Directory of Open Access Journals, which were not easily accessible. The focus on
subject-specific, as opposed to more general databases, was guided by similar methodologies
adopted by other systematic literature reviews such as those by Morelock (2017) and Holloman
et al. (2021), whose approaches served as useful models for our work. Moreover, this decision was
also endorsed by an experienced external colleague in systematic reviews, whom we consulted
during the process.

We also considered expanding our scoping review by performing citation searching or snowball
sampling (i.e. reviewing works cited by already identified sources), as recommended by Borrego,
Foster, and Froyd (2014), in case of insufficient results being obtained through database searching.
However, since our database searches yielded an adequate number of relevant studies, we did not
need to pursue this option. Table 1 presents the final list of databases, search strings and additional
details that may be useful for replicating the search.

2.4. Results and filtering

After obtaining the search results used for the final review, we filtered the 668 resulting articles using
the search-screen-appraise method adopted by Morelock (2017), in which results were filtered using

Table 1. Databases and search strings used to locate articles.

Database Search String Search Details

ERIC (EBSCO) (University OR College) AND (Industry OR Business) AND
(Partnership OR Collaboration) AND Engineering
Education

- Search mode: Boolean
- Expanders: Apply equivalent subjects
- Source type: Peer reviewed
- Date range: 1983–2020

ERIC (ProQuest) (University OR College) AND (Industry OR Business) AND
(Partnership OR Collaboration) AND Engineering
Education

- Search mode: Boolean
- Source type: Peer reviewed, Journal Articles
(scholarly journals)

- Date range: 1980–2020
- Language: English

British Education
Index (EBSCO)

(University OR College) AND (Industry OR Business) AND
(Partnership OR Collaboration) AND Engineering
Education

- Search mode: Boolean
- Expanders: Apply equivalent subjects

Compendex (University OR College) AND (Industry OR Business) AND
(Partnership OR Collaboration) AND Engineering
Education

- Search mode: Boolean
- Source type: Journal Articles
- Date range: 1990–2020
- Language: English
- Controlled vocabulary: Engineering Education
- Country/Region: United States, United
Kingdom

Inspec (University OR College) AND (Industry OR Business) AND
(Partnership OR Collaboration) AND Engineering
Education

- Search mode: Boolean
- Source type: Journal Articles
- Date range: 1990–2020
- Language: English
- Controlled vocabulary: Engineering Education
- Country/Region: United States, United
Kingdom
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a combination of title and abstract screening, after which the remaining studies were appraised for
inclusion via full-text analysis. In lieu of the limitations identified there by the author, with regard to
the filtering of articles solely through title screening, we decided to employ a mixed title/abstract
screening procedure to improve the robustness of our method.

A result was therefore excluded if its title or abstract was specific enough to suggest the study’s
irrelevance, however in more ambiguous cases, the study was retained for appraisal in the next step.
For instance, one of the works entitled ‘The Role of Collaborative Capstone Projects – Experiences from
Education, Research and Industry’ by Hess et al. (2013) was deemed relevant from the initial title
screening phase, but was subsequently omitted during the abstract and full-text analysis stage in
line with exclusion criteria (d) described in Section 2.2, as the study pertained to collaborative uni-
versity-industry capstone projects within the software engineering curriculum.

During the final stage involving full-text appraisal, only studies that satisfied all of the inclusion
criteria listed in Section 2.2 were included as part of the synthesis. Figure 1, adapted from Morelock

Figure 1. Variant flowchart following PRISMA guidelines (Liberati et al. (2009)) documenting filtering process and results
(adapted from Morelock (2017)).
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(2017) in accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines, depicts a visual flowchart documenting the removal of studies at each filtering
stage. Table 2 below provides some examples of studies that were excluded for not satisfying various
inclusion criteria during the full-text appraisal stage.

The final study comprised a total of 28 papers selected as part of the systematic review, a
complete list of which can be found in the appendix Table A1.

To increase the reliability of the process, screening was first performed by one author and then
audited by the second author. In addition, the authors consulted with an experienced external
colleague in systematic review during the process.

2.5. Demographics of selected studies

In order to classify the 28 selected papers, we categorised them based on the year of publication,
methods used, publication source (journal or conference) and geographical location of university-
industry partnerships.

2.5.1. Year of publication
During our scoping study, we enforced a lower bound date restriction by searching for studies
ranging from the 1980s through to 2020. This enabled us to limit our results to more relevant
works featuring university-industry partnerships, considering that such collaborations only began
to take place relatively recently. Our earliest included source appeared in 1996 (Tener 1996),
though we found that a large proportion of our selected papers were published from 2010 onwards.

2.5.2. Methods used
The majority of our selected studies (11 in total) employed qualitative methods such as feedback
surveys and questionnaires and thematic content analysis techniques.

Two of our selected studies (Burns et al. 2018; Na Zhu 2018) made use of statistical analysis tools
to examine data procured from student assessments and survey questionnaires. Eight of the papers
performed mixed methods research, defined by Tashakkori and Creswell (2007) as a combination of
qualitative and quantitative methods in a single study. It is also worth noting that some studies (7 in
total) adopted unnamed and non-specific methods of data collection and analysis, the implications
of which are explored further in Section 4.

Table 2. Examples of studies excluded during the full-text appraisal stage.

Paper Title Reason for exclusion

Eberhardt et al. (2016) Team-Based Development of Medical Devices:
An Engineering–Business Collaborative

Study is exclusively focused on university-
industry collaborations at postgraduate
masters-level courses

Walz, Slowinski, and Alfano
(2016)

International Approaches To Renewable Energy
Education A Faculty Professional
Development Case Study With
Recommended Practices For STEM Educators

Study focuses on faculty-industry learning
exchange programmes (i.e. a non-teaching
university-industry partnership)

Fielding et al. (2014) Product lifecycle management in design and
engineering education: International
perspectives

Study is a perspective article that focuses on
outputs from symposium sessions

Acharya et al. (2017) Using Academia-Industry Partnerships to
Enhance Software Verification & Validation
Education via Active Learning Tools

Study is concerned with partnerships within
software engineering courses i.e. within a
non-traditional engineering discipline

Wang et al. (2015) Simulating Industry: A Holistic Approach for
Bridging the Gap between Engineering
Education and Industry. Part I: A Conceptual
Framework and Methodology

Study focuses on university-industry
partnerships using case study examples of a
Chinese university (i.e. a non US/UK
university context)
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2.5.3. Publication source
Based on our inclusion criteria, almost all of our papers (27 out of the 28 studies) were published
in peer-reviewed journals, most commonly the International Journal of Engineering Education (9)
(dedicated to scholarly research related to engineering education), Industry and Higher Education
(4) (focuses on the multifaceted relationships between higher education institutions and business
and industry), the Journal of Professional Issues in Engineering Education and Practice (2) (explores
issues of professional practice, ethics and diverse views of engineering education) and the Inter-
national Journal of Mechanical Engineering Education (2) (concerned with the principles and prac-
tices of training professional, technical and mechanical engineers). The lone conference paper
(Shooter and Buffinton 1999) included in our selected studies featured in the Institute of Electrical
and Electronics Engineers (IEEE) Frontiers in Education conference (a major international confer-
ence focusing on educational innovations and research in engineering and computing
education).

2.5.4. Geographical location of partnerships
In accordance with our selection criteria, the majority of our studies (21 in total) featured US-based
case studies highlighting university-industry partnerships, with five studies documenting collabor-
ations between UK-based universities and companies. The remaining two studies (Conradie et al.
2016; Shaul Norback et al. 2014) were more general in nature in that they did not explicitly describe
any specific case study examples of partnerships between universities and industries.

2.6. Thematic analysis

In addition to recording demographic information, we coded our selected studies around the five
research questions pertaining to university-industry partnerships stated in Section 1. These ques-
tions essentially mirror the expected structure of our selected research studies, thereby facilitating
an easier transferability of common characteristics as part of the content analysis and key findings
to practitioners as part of the emerging recommendations.

For each research question, we identified various common features shared across multiple studies
and used these as codes to categorise each study, in accordance with the content analysis process
described by Borrego, Foster, and Froyd (2014). It is these codes that were used to answer our
research questions and they represent the focus of the results presented in this review.

It is worth mentioning that our content analysis methodology differed from usual analysis
procedures for grounded data, which often combine codes into ‘concepts’ and subsequently
combine these into ‘categories’, such that these categories and concepts interrelate to form
theory (Corbin and Strauss 2014). Since the purpose of this review is to capture existing lit-
erature rather than to develop theory from it, the use of codes was sufficient to organise
the data.

2.7. Research quality

‘Consistency and transparency’ are drivers of quality in systematic literature reviews (Borrego,
Foster, and Froyd 2014, 63). Working towards these goals, we carefully detail our methodological
approach within this paper, including inclusion criteria, search terms, and databases used. A com-
plete catalogue of papers included in this study is also available upon request. In addition, we held
regular debriefing meetings to review ongoing work and add validity to the process (Creswell
2014). Borrego, Foster, and Froyd (2014) also states that collaboration improves reliability in litera-
ture reviews. Throughout the analysis process, we conferred interpretations between researchers
(Creswell 2014).
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2.8. Limitations

This review is limited by the biases introduced as part of the inclusion criteria for our selected
works. Firstly, by considering only peer-reviewed sources written in English, we excluded poten-
tially contributive theses and dissertations, non-English studies, non-academic reports, perspective
articles and opinion pieces as well as all forms of grey literature not published by commercial
publishers.

Secondly, owing to the large number of results generated, we had to narrow our scoping study by
only considering subject-specific databases, thereby excluding more general databases such as
Wiley, Scopus and JSTOR.

As an additional consequence of the extensive results obtained, we also had to limit our geo-
graphical focus to papers documenting only US/UK-based university-industry partnerships. Despite
their relevance to our research questions, several studies featuring university-industry
collaborations from countries such as Norway, South Africa, Brazil, China, Germany, Spain, India,
Ireland, Denmark and Australia had to be omitted. While the focus on including works featuring
case studies at US/UK universities may narrow the focus of the work, this enabled us to complete
the review, since widening the scope would have made the number of relevant results unfeasible
for analysis. This was a scoping decision we made following the large number of results we
obtained across a wider demographic when deciding on our inclusion criteria and research
questions.

Finally, since our work focused exclusively on teaching and education-related forms of university-
industry partnerships for undergraduate engineering students, we did not consider the various
forms of research-based collaborations that exist between universities and companies, particularly
those involving academic faculty and graduate students. Based on our scoping study, we realised
that focusing on university-industry collaborations for graduate student education alone constitutes
enough data to merit a separate systematic literature review study of its own and represents a
valuable source for potential future work in this area.

While it could be argued that these limitations impact the quality of the research produced, they
were also a necessary part of scoping the process. Moreover, such shortcomings are often unac-
knowledged in published reviews. In being transparent about our limitations, we hope to instil
further confidence in our results.

3. Findings

The appendix table lists all 28 selected studies, along with the codes used to categorise each of them
for each of the specific research questions. The findings subsections below provide a detailed analy-
sis to answer each of our proposed research questions.

3.1. What are the purposes/goals of university-industry collaborations for education?

Twenty five of the 28 papers identified specific purposes for educational partnerships between
universities and industries within the context of their case studies. The remaining 3 studies
(Burns et al. 2018; Shooter and Buffinton 1999; Tener 1996) did not explicitly discuss any over-
arching goals motivating such forms of collaboration. Some of the general benefits of such part-
nerships for the various stakeholders involved, as noted by the majority of our studies, comprised
the following: solutions to complex projects with the help of additional resources at low cost (for
industrial companies), acquisition of real-world problem-solving skills and professional experi-
ence (for students) and potential to keep up to date with disciplinary knowledge from industrial
perspective (for academic faculty). The specific purposes governing these types of collaborations
are provided within the subsections below in further detail.
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3.1.1. Promoting industrial involvement in senior/final-year capstone design project courses
(11 studies)
Over a third of our studies cited increasing participation of industrial companies within the develop-
ment and implementation of senior/final-year capstone design projects as one of the primary moti-
vators behind university-industry partnerships. Collaborations of this nature were found to be
mutually beneficial in fulfilling the needs of both students and industrial partners (Trent Jr and
Todd 2014), through industry involvement as curriculum advisors, project mentors and guest
lectures offered within final-year capstone design courses (Goldberg et al. 2014).

We found several instances of industry participation within final-year undergraduate capstone
design courses documented in the form of case studies among our selected papers. These featured
the inclusion of an integrated product development (IPD) component for bioengineering students
(Herz et al. 2011), an evaluation of industrial and business mentorship in mechanical engineering
projects (Abu-Mulaweh and Abu-Mulaweh 2019; Demetry 1997; Na Zhu 2018), the implementation
of a collaborative problem-based learning (PBL) framework through execution of Lean Six Sigma
(LSS) projects in industrial engineering programmes (Martínez León 2019) and the development
of a new aluminium engineering design course for mechanical engineering students (Pai and
DeBlasio 1997).

A more non-traditional form of industry involvement within project-based design courses
through the less-demanding route of podcasting and use of multimedia content was discussed in
Ruikar and Demian’s (2013) study. Alexander et al. (2015) identified best practices for administering
capstone programmes, while Shaul Norback et al. (2014) captured a snapshot of students’
experiences and perspectives of industry involvement in such courses.

3.1.2. Preparing graduating students with employability skills (6 studies)
Several of the works also considered the goal of university-industry partnerships to be centred
around providing engineering graduates with the necessary skills required to be successful in the
workplace. This was achieved through integrating elements of design, manufacturing and business
as part of a practice-based engineering curriculum known as the learning factory (Lamancusa, Jor-
gensen, and Zayas-Castro 1997), incorporating cooperative education practices within electrical
and computer engineering programmes (Duwart et al. 1997) and creating a common standard
design framework across multiple senior capstone projects (Estell and Hurtig 2014).

Some of the case studies highlighted how industry involvement led to undergraduate students
acquiring a host of authentic learning skills relevant to current industrial practices. These arose
from establishing a learning environment for advanced energy storage technology within
laboratory-based engineering courses (Gene Liao, Young, and Moss 2013), providing students in
project-based design courses with opportunities to create tangible user interfaces (TUIs) with
local small and medium-sized enterprise (SME) companies (Conradie et al. 2016) and using building
information modelling (BIM) and IPD concepts in architectural engineering courses (Solnosky, Parfitt,
and Holland 2014).

3.1.3. Providing students with short-term industrial internships and work-placements (4
studies)
A few authors focused on the short-term internships and work placement opportunities offered by
sponsoring companies to university students as extracurricular activities taking place beyond the
classroom outside the standard academic terms. Durkin (2016) presented a case study on the
implementation of experiential learning techniques, within which students were able to apply
their existing knowledge through summer industrial projects, while Murray, Hendry, and
McQuade (2020) showcased how students achieved the same through co-curricular evening work-
shops established in conjunction with practising civil engineers.
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The efficacy of such forms of internship programmes was measured by assessing alignment with
the programme criteria set out by the Accreditation Board for Engineering and Technology (ABET)
(Haag, Guilbeau, and Goble 2006) and documenting industrial work placement statistics to ascertain
the engagement of civil engineering undergraduate students (Tennant et al. 2018).

3.1.4. Bespoke goals – not aligned to a common theme (4 studies)
We noted that there were some studies whose identified purposes for university-industry partner-
ships were uniquely suited to the context of their individual case studies and consequently did
not fit any of the common themes mentioned above. Examples of the motivating factors driving
industry involvement included promoting retention of female students in STEM and technology-
related careers (Wasburn and Miller 2007) as well as enhancing student knowledge and attitudes
towards corporate social responsibility (CSR) (Smith et al. 2018).

Wade (2013), for instance, noted instances of strategic university-industry partnerships in which
companies provided technical support to universities to help manage their resource and technology
platforms for engineering education. Industrial companies have also been known to provide spon-
sorship funding to undergraduate students to complete their degree studies, as a form of financial
support designed to assist in the initial training of future engineers (Soltani, Twigg, and Dickens
2012).

3.2. What theories/lenses have been used to guide the study?

The case studies from 20 of the 28 papers were guided by a sound theoretical foundation comprising
references to existing learning frameworks as well as to past literature sources on university-industry
partnerships. The remaining 8 studies (Demetry 1997; Estell and Hurtig 2014; Gene Liao, Young, and
Moss 2013; Haag, Guilbeau, and Goble 2006; Herz et al. 2011; Shooter and Buffinton 1999; Trent Jr
and Todd 2014; Wade 2013) were characterised by the absence of any such theoretical backbone
underpinning their work. This was often because these were never explicitly mentioned or delved
into in sufficient detail by the authors. Consequently, this raised an important concern about the
prevalence of studies documenting university-industry collaborations, devoid of any theoretical
lens whatsoever (discussed further in Section 4). The subsections below highlight the specific
sources of the theories that guided the majority of the studies.

3.2.1. Guidance from existing theoretical learning frameworks (10 studies)
Over a third of our papers featured case studies that were largely guided by a variety of existing
learning theories, which have been systematically listed alongside each corresponding paper in
Table 3.

3.2.2. Guidance from prior literature calling for greater university-industry collaboration
(7 studies)
A quarter of our studies featured case studies that were guided by several prior literature sources
that emphasised the need for increased collaboration between universities and industry and
these have been compiled and listed in Table 4.

3.2.3. Bespoke theoretical guidance – not aligned to a common theme (3 studies)
There were also a few studies whose work was guided by literature sources citing theoretical con-
cepts that did not identify with any of the common themes presented above. Na Zhu’s paper (Na
Zhu 2018), for instance, evaluated the effectiveness of mentoring by industry and business pro-
fessionals within a senior mechanical engineering capstone design course. The author discusses
how the development of such capstone courses by universities are based on different methods
such as the iterative model of continuous improvement (Mirzamoghadam and Harding 2013), the
impact of group projects and teamwork (Stettina et al. 2013; Wilbarger and Howe 2006) and the
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importance of capstone projects in facilitating a smooth transition from academic study to practical
engineering (Hanna and Sullivan 2005; Magleby et al. 2001).

Smith’s study (Smith et al. 2018) focusing on CSR arising within industry-university partnerships
was guided by engineering students’ sense of social responsibility (Layton 1986; Noble 1979; Wis-
nioski 2012) and discussions of previous sources highlighting the importance of CSR in the engineer-
ing workplace (Blowfield and Frynas 2005; Ekwo 2013; Loureiro, Dias Sardinha, and Reijnders 2012).

Finally, the case study by Solnosky, Parfitt, and Holland (2014) outlined the implementation of an
architectural engineering capstone course designed to address the needs of the architecture, engin-
eering and construction (AEC) industry. This made use of BIM and IPD in education settings to simu-
late an integrated industry process in academia as well as the differences between educational
objectives and educational outcomes (Jestrab, Jahren, and Walters 2009) and aspects of team-
based learning (Fong 2010).

Table 3. Theoretical learning frameworks guiding the study of university-industry partnerships.

Paper Framework used

Ruikar and Demian (2013) • Accommodation of several learning styles and abilities (Fry et al., 2009; Horgan 2009;
Ramsden 2003) by multimedia podcasting approach based on Gardner’s theory of
multiple intelligence (Gardner 1983)

• Adoption of an active learning-based approach (Gibbs, Habeshaw, and Habeshaw
1998) to encourage greater student interest and involvement

Conradie et al. (2016) • Emergence of new user-experience design paradigm (Moczarny, de Villiers, and van
Biljon 2012) with the notion of empathic design (Kouprie and Visser 2009) and TUIs with
the notion of interactivity (Satyanarayanan 2001) requires a PBL approach facilitating
contextual and experiential learning (Dahlgren 2003; Frank, Lavy, and Elata 2003)
based on Kolb’s educational model (Kolb 1984)

Duwart et al. (1997) • Purpose of higher education is driven by students’ cognitive, behavioural and affective
needs (Chickering 1969)

• ABET Engineering Criteria (Engineering Criteria 2000, 1995) used to pinpoint key skills
expected from all graduates of engineering programmes

Murray, Hendry, and McQuade
(2020)

• Need for an authentic curriculum to contextualise student learning as alluded to by
Watts (2006), Lowden et al. (2011) and Pegg et al. (2012)

• Use of inductive learning through PBL (Prince and Felder 2006) and its alignment with
social constructivism through the importance of collaborative and peer-led
learning (Ashwin and McVitty 2015)

Martínez León (2019) • PBL approach (Bell 2010; Borror et al. 2012) used to bridge the gap between theory and
practice, while the LSS methodologies used for curriculum development (Anderson-
Cook, Patterson, and Hoerl 2005; Mitra 2004)

Tennant et al. (2018) • Guided by the benefits of industrial placements with regard to academic and situated
cognition (Murray and Tennant 2014), identity formation in a community of
practice (Johri and Olds 2011) and contextual learning through authentic work
experience (Pegg et al. 2012)

Pai and DeBlasio (1997) • Adult learning philosophies such as the pillars of adult learning (Knowles 1980) used
to design the course in which students had substantial input through self-evaluation
activities, with professors acting as facilitators

Durkin (2016) • Guided by experiential learning theory (ELT) in which students acquire and apply
knowledge gained through prior experiences (Dewey 1963; Kolb 1984)

• Integration of ELT with teamwork and peer interaction through reflective conservation,
team learning and functional leadership (Kayes, Kayes, and Kolb 2005)

Lamancusa, Jorgensen, and
Zayas-Castro (1997)

• References to cognitive processes and behavioural psychology citing limitations of
lecture-based teaching approaches (Koen 1994; Mestre 2001; Wankat and Oreovicz
1994)

• Allusions to visual learning and importance of practical hands-on experience in
engineering education (Felder and Silverman 1988)

Wasburn and Miller (2007) • Design of intervention programmes based on theoretical concepts from literature
explaining male-female gender gap such as testing-based, biological determination and
cognitive/learning differences and socio-psychological theories (Clewell and
Campbell 2002)

• Female retention-enhancing strategies based on theoretical framework by Tinto
(1975) that students’ decision to remain or withdraw from a course is based on their
academic and social experiences within the university

EUROPEAN JOURNAL OF ENGINEERING EDUCATION 11



3.3. What are the methods that have been used in the study of university-industry
partnerships?

Investigating the specific methods of data collection and data analysis employed by each paper
to study university-industry partnerships helped us propose changes in methodology which
future works on this topic could take into consideration (discussed further in Section 4).
Seven studies in particular (Conradie et al. 2016; Duwart et al. 1997; Goldberg et al. 2014;
Lamancusa, Jorgensen, and Zayas-Castro 1997; Shooter and Buffinton 1999; Tener 1996;
Wade 2013) failed to either adopt or explicitly mention the concrete methodology approach
used to derive the conclusions for their work. Consequently, this raised an important consider-
ation for future studies to incorporate, with regard to including a specific methods section
within their work as well as documenting their techniques of data collection and analysis in
sufficient detail. The subsections below explore, in more detail, the different types of
methods used by the remaining set of studies.

3.3.1. Qualitative methods (11 studies)
The majority of papers made use of qualitative methods of data collection comprising surveys, ques-
tionnaires and feedback assessment forms provided to each of the key stakeholders (students, faculty,
industry sponsors) in order to gauge the effectiveness of university-industry partnerships within the
context of their own case studies. These have been summarised in greater detail in Table 5.

It is also worth mentioning however, that while most of the studies listed in Table 5, stated their
methods of data collection, they often did not mention the specific qualitative data analysis tech-
niques employed within their work. The few studies that did so primarily used thematic analysis tech-
niques inspired by Braun and Clarke (2006) to analyse the results from surveys and questionnaires.
Moreover, while Table 5 principally records the various qualitative data collection methods compris-
ing surveys, interviews and questionnaires employed by the selected works, some of these data col-
lection methods did also contain quantitative aspects within them, but on the whole they can still be
categorised to be qualitative.

Table 4. Past literature studies highlighting the need for greater university-industry collaboration.

Paper Literature studies used

Goldberg et al. (2014) Guided by references to the importance of industry involvement in capstone design
courses as stated in Farr et al. (2001) and Pembridge and Paretti (2010)

Alexander et al. (2015) Needs and values of all stakeholders (students, faculty, industry, institution) in capstone
design programmes established with the help of the study by Todd and Magleby
(2004) and resources such as contract accords and researcher guidebooks published
by the University-Industry Demonstration Partnership (UIDP 2012a; 2012b)

Shaul Norback et al. (2014) Detailed literature review of over 1900 capstone design papers between 1997 and 2012
including those by Cheville and Welch (2009), Helbling et al. (2007) and Shaul
Norback, Leeds, and Kulkarni (2010) revealed that student experiences and inputs on
capstone projects had never been captured

Abu-Mulaweh and Abu-Mulaweh
(2019)

References made to studies by Hamelink (1994), Karimi (2003) and Todd, Sorenson, and
Magleby (1993) highlighting the importance of industry involvement in senior design
projects

Soltani, Twigg, and Dickens (2012) Need for closer collaboration between industry and university engineering
departments as stated in The Lambert Review (Lambert 2003) and reports published
by the Royal Academy of Engineering (Educating Engineers for the 21st Century 2007)
and the Department of Education and Skills (The Future of Higher Education, 2003)

Tener (1996) Calls for more effective partnerships between universities and industries as mentioned
in reports by The Business Roundtable (Management Education and Academic
Relations, 1982), Matthews & Norgard (1984) and the American Society of
Engineering Education (Engineering Education for a Changing World, 1994)

Burns et al. (2018) Six aspects of student learning from industry engagement activities drawn from
previously validated surveys from literature sources (Haag, Guilbeau, and Goble 2006;
Metrejean, Pittman, and Zarzeski 2002; Rodrigues 2004; Watson and Lyons 2011)
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3.3.2. Quantitative methods (2 studies)
We found only two studies from our selection set that made exclusive use of quantitative methods to
study university-industry partnerships. For data collection, Na Zhu (2018) designed two modes of
assessment types (course materials and a capstone project) to measure and compare student out-
comes with and without industrial or business mentorship involvement. On the other hand, Burns
et al. (2018) developed a questionnaire-based survey using a seven-point Likert-type scale
(Finstad 2010) conducted using the online software Qualtrics to gauge student perceptions of
different industry engagement activities.

Both of the works above made use of statistical methods to analyse the quantitative data
obtained, with Na Zhu (2018) making use of data analysis techniques to calculate the mean and stan-
dard deviation scores for different groups of students and Burns et al. (2018) adopting the respon-
dent selection technique to choose the key sampling group and evaluating the hypotheses using the
multivariate analysis of variance (MANOVA) method to compare student perception scores across
different activities.

3.3.3. Mixed methods (8 studies)
Several of our studies also made use of mixed methods, consisting mainly of qualitative as well as
quantitative data collection tools such as surveys and questionnaires, combined with quantitative
metric-based, statistical data analysis methodologies. Within their case studies, Estell and Hurtig
(2014) and Soltani, Twigg, and Dickens (2012), for instance, employed both qualitative (surveys, inter-
views, document reviews) and quantitative (course evaluation questionnaires) methods to capture
feedback and reflections from students, alumni, academic staff and industry partners. Demetry
(1997) and Haag, Guilbeau, and Goble (2006) made use of similar types of surveys to ascertain the
fulfilment of the goals of university-industry partnerships from the viewpoint of each of the key sta-
keholders. To analyse their data, all of the works mentioned above utilised statistical analysis tech-
niques such as conservative Mann–Whitney non-parametric tests (Haag, Guilbeau, and Goble 2006)

Table 5. Qualitative data collection methods used.

Paper Data collection method used

Y. Gene Liao, Young, and Moss (2013) End-of-semester surveys used to gauge mastery of learning outcomes by students in
new courses and face-to-face focus group interviews conducted by external
evaluators asking students to respond to specific questions

Trent Jr. and Todd (2014) Surveys used to collect data to understand needs and expectations of industry with
regard to new engineering graduates, also sent to industry sponsors for feedback to
make necessary course adjustments

Alexander et al. (2015) Web surveys and literature review used as data collection methods to sample
baseline of current administrative practices and identify challenges in implementing
capstone programmes

Murray, Hendry, and McQuade (2020) Free text questionnaires used to gain verbatim student feedback
Abu-Mulaweh and Abu-Mulaweh
(2019)

Feedback assessment forms provided to industry sponsors, faculty and students to
evaluate effectiveness of university-industry partnership

Smith et al. (2018) Surveys provided to students both before and after a petroleum engineering field
session course to assess changes in their knowledge, skills and attitudes towards CSR
and the engineering profession

Solnosky, Parfitt, and Holland (2014) Verbal/written grades feedback from faculty used to evaluate course objectives,
compare them with student performance and confirm if course outcomes were met

Martínez León (2019) Student feedback surveys from completion of an engineering and management
capstone design course used to assess bridging of the gap between theory and
practice

Tennant et al. (2018) Peer-reviewed placement questionnaires using a five-point Likert scale provided to
students as a means of gathering data

Pai and DeBlasio (1997) Formative and summative course evaluations carried out by students used to
improve course content for future sessions with the summative evaluation performed
using four levels of evaluation guidelines (Kirkpatrick 1994)

Durkin (2016) Student essays and feedback used to evaluate learning experiences and project
success from university-industry partnership
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to determine whether the differences in responses between various stakeholder groups was statisti-
cally significant or not.

In order to evaluate the benefits of and assess students’ learning from the use of podcasting in
final year design projects featuring industry involvement, Ruikar and Demian (2013) made use of
quantitative metrics to analyse data collected from qualitative questionnaires and interactive discus-
sions. Similarly, Herz et al. (2011) provided surveys to students to gauge their response to a new
bioengineering programme as well as to employers to assess the performance of students in indus-
trial summer internships, which were subsequently analysed by assigning rubric score metrics.

We also found that many of our selected papers, barring two of the studies, failed to use litera-
ture-informed measures of quality such as triangulation to improve the credibility and validity of
their research findings. The work by Shaul Norback et al. (2014) proved to be particularly notable
for corroborating its results by using the classical content analysis methodology (Krippendorff
2012) which consisted of human analysts coding transcriptions from the responses of student
panel discussions into content themes using a meta-thematic framework, in conjunction with analy-
sis performed by a computer-based program (QDA MINER).

As part of their case study, Wasburn and Miller (2007) conducted a statistical analysis of pre- and
post-seminar surveys provided to students to evaluate their attitudes and beliefs towards women in
technology-related disciplines. They too made use of the triangulation method (Patton 1990), which
involved combining multiple methodologies including a review of the literature on women in tech-
nology and on freshman seminars with comments obtained from end-of-year student feedback
forms, to boost the validity of their findings.

3.4. What are the major findings/conclusions from such studies and what evidence-based
best practices have been identified?

The large majority of our selected studies (24 out of 28 papers) presented critical, overarching
findings from their work, which also formed the basis for recommendations for evidence-based
best practices for university-industry partnerships. While some authors listed these explicitly, we
found that in most cases, the identification of best practices to be adopted would only be implicitly
contained within the findings (discussed further in Section 4). While the remaining four papers
(Demetry 1997; Gene Liao, Young, and Moss 2013; Pai and DeBlasio 1997; Shooter and Buffinton
1999) did list their conclusions, these were not deemed relevant for the present research question,
as the findings were too specific to the context of the individual case studies. The subsections below
present, in more detail, the findings and best practices identified by our chosen works.

3.4.1. Findings related to industry involvement in senior/final-year capstone design project
courses (10 studies)
A substantial proportion of the studies contained conclusions dedicated to industry partnerships
arising within final-year capstone design projects, which was to be expected, considering the fact
that several works identified these to be one of the principal purposes of collaborations between
universities and industries, as mentioned in Section 3.1.1. These have been collated and summarised
together in Table 6, along with the recommended forms of best practice.

3.4.2. Findings related to industry-focused authentic learning opportunities (6 studies)
Some of the studies also generated findings emerging from authentic learning opportunities featur-
ing industry involvement, in which students were able to work on relevant problems motivated by
real-world projects and applications. Duwart et al. (1997) received positive feedback from the coop-
erative education community and division of the American Society of Engineering Education (ASEE)
on their curriculum model combining classroom-based education with practical work experience as
part of an electrical and computer engineering programme.
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Meanwhile, Murray, Hendry, and McQuade (2020) also acquired positive responses from students,
industry speakers and workshop facilitators on the establishment of co-curricular learning initiatives
featuring evening workshops between practising engineers and civil engineering undergraduate
students. Their findings confirmed that, within such settings, relevant learning did indeed take
place as students working in teams on real-world problems were able to identify crucial links and
gaps within material presented in the curriculum and in the workshops.

Industry-led internship programmes were found to be beneficial to students as they led to attain-
ment of high levels of technical competence, confidence and engagement (Durkin 2016) as well as
industry members who were extremely satisfied with the performance of student interns (Haag,

Table 6. Summary of findings for industry involvement in capstone design courses.

Paper Findings and identified best practices

Estell and Hurtig (2014) • capstone design projects led to improvement in students’ project management skills,
confidence and design experience and provided valuable preparation for alumni for their
future careers

• best practices to improve the capstone project experience include the application of a
corporate management standard, use of project management documentation, assessment
using specialised rubrics and use of project review boards

Goldberg et al. (2014) • capstone courses resulted in highly positive benefits for industry, students and faculty
involved, though industry sponsorship was identified as the major challenge

• recommendations for best practice include choosing specific projects that meet the needs of
both industry sponsors as well as students, setting clear expectations, deliverables and roles
when seeking industry sponsors, recruiting good-quality industrial guest speakers and
creating an industrial advisory board

Trent Jr. and Todd (2014) • working on a capstone project offers great value in preparing students for what to expect in
industry

• the evaluation and assessment of a project can be very challenging and difficult for industry
sponsors due to the elements of subjectivity involved

• placing students into teams and stressing the importance of collaboration can address the
perceived weaknesses of new graduates in industry

Alexander et al. (2015) • sampling of current baseline practices indicated a lack of consistency in the administration of
capstone programmes across institutions

• recommended forms of best practice include enabling transparency in administrative
paperwork to help faculty recruit industry sponsors for projects and devoting increased time
and attention to drafting externally sponsored capstone programme agreements

Shaul Norback et al. (2014) • students were found to have a different perception of capstone design projects as compared
to faculty and industry sponsors

• student reflection and feedback on capstone design projects not captured by literature is of
vital importance and cannot be overlooked

Herz et al. (2011) • positive reception from students to the incorporation of IPD in a capstone design course led
to its being made a mandatory requirement, as opposed to an optional component of the
course

• inclusion of IPD within the programme led to an overall improvement in the experiential
learning component of the bioengineering curriculum, while also successfully meeting the
ABET’s capstone design requirements

Abu-Mulaweh and
Abu-Mulaweh (2019)

• industry sponsors were extremely satisfied with their involvement in the capstone project
partnership and keen to continue sponsoring projects

• student feedback indicated that they were well prepared for the job market following their
exposure to real-world design problems

Na Zhu (2018) • engagement with industry professionals acts as a stimulant for student by making them pay
more attention to courses

• frequent weekly meetings with industry professionals led to a temporary negative impact on
course assessment tests

Solnosky, Parfitt, and Holland
(2014)

• implementation of a multidisciplinary pilot programme within an IPD and BIM senior
capstone course is an excellent tool for training young engineers entering the workplace

• generation of such a programme in an academic environment is feasible, with its course
objectives being both relevant and effective to meet industry needs

Martínez León (2019) • students taking the enhanced LSS capstone course had an enhanced learning experience
accompanied by a growth in their self-confidence, theoretical and practical knowledge and
preparedness for work environments

• engaging in meaningful, collaborative industry projects prepared students to solve
real-world problems and transition to the workplace more easily
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Guilbeau, and Goble 2006). While Haag, Guilbeau, and Goble (2006) commented on how student
interns were able to imbibe a majority of the skills from the ABET criteria, Durkin (2016) noted
how summer internships enabled the partnering university to achieve its objective of increasing
STEM graduates, with all students graduating successfully within their chosen undergraduate
degrees.

A study by Tennant et al. (2018) while highlighting positive student satisfaction feedback from
their experiences on industrial placements, also emphasised students’ lack of structured reflective
analysis and thinking and signposted opportunities for university faculty to prepare and support stu-
dents better through the placement experience. From their case study introducing the development
of a new, practice-based engineering curriculum known as the learning factory, Lamancusa, Jorgen-
sen, and Zayas-Castro (1997) pinpointed several recommendations for best practice methods to
implement these successfully. These included facilitating cross-university development and
sharing of course materials, promoting industry sponsored senior design projects, creating industrial
advisory boards and encouraging student participation in course development.

3.4.3. Findings related to other forms of industry engagement (8 studies)
The remaining 8 papers contained findings and recommendations pertaining to other,
more bespoke modes of industry partnerships that did not identify with any of the common
themes presented above. These have been discussed in more detail in Table 7, however, it is

Table 7. Summary of findings for bespoke forms of industry involvement.

Paper Findings

Ruikar and Demian (2013) • there is great potential for using audio-visual podcasts in project-based learning as it promotes
motivation and learner engagement

• podcasting accommodates most learning styles, facilitates self-paced learning, encourages active
student participation and augments synergies between industry and academia

Conradie et al. (2016) • collaboration with industry for prototyping TUIs through involvement with SME companies was
enriching for students working on open-ended real-world design problems

• integration of TUI into the curriculum was difficult due to the inflexible educational system, the
challenges of working in multidisciplinary teams and the wariness of companies in involving
users at an early stage of product development

Wasburn and Miller (2007) • students involved in the first-year freshman seminar for women formulated as a result of a
university-industry partnership were more favourable to technology careers than those in other
freshman courses

• freshman seminars of this kind can make a difference in student attitudes as evidenced by the
universal positive feedback received regarding the course

Smith et al. (2018) • industry-university partnerships through field-based learning imparted students with a more
holistic understanding of CSR

• increase in students’ capacity to understand CSR prepared them better to successfully navigate
responsibilities in the industrial workplace

Burns et al. (2018) • students perceived some industry engagement activities such as internships, tours, guest
speakers and projects as being the most effective at enhancing their learning

Wade (2013) • embedding platform and tools provided by the industry partner for a first year electrical
engineering practical course led to improvements in student engagement and a boost in
student satisfaction survey results

• technology support provided by the industry partner for final year capstone courses resulted in
successful industrial projects, with students invited to present their work at global conferences

Soltani, Twigg, and Dickens
(2012)

• students found that the industrial sponsorship of their studies resulted in long term benefits such
as the development of skills like project management, leadership, data analysis, communication,
teamwork and application of learning to real-life situations

• employers also agreed that such sponsorship added value and provided them with positive
opportunities to influence the curriculum, which in turn would improve the quality of
engineering graduates

Tener (1996) • the general characteristics and elements of a beneficial university-industry partnership within an
engineering programme were found to comprise effective joint strategic planning, a committed
industrial advisory committee, a student internship programme, faculty with industrial
experience and the use of outcome-based indicators of success
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worth mentioning that none of these works explicitly identify any recommendations for specific
forms of best practice.

3.5. What are the areas of future work that need to be explored further?

Twenty one of the 28 papers suggested areas of future work for forthcoming studies on university-
industry partnerships to explore further. While in most cases, we found the recommendations to be
broadly generic and easily transferable to other institutions, we also noted that 7 papers
(Abu-Mulaweh and Abu-Mulaweh 2019; Demetry 1997; Gene Liao, Young, and Moss 2013; Goldberg
et al. 2014; Martínez León 2019; Na Pai and DeBlasio 1997; Zhu 2018) identified areas of future work
whose scope was limited simply to extending the context of their own case studies. Since these sug-
gestions were found to lack meaningfully transferable or generalisable suggestions, they were not
included within the areas of future work discussed in detail within the subsections below.

3.5.1. Future work pertaining to industry involvement in senior/final-year capstone design
project courses (7 studies)
Considering the sizable number of works with findings dedicated to industry engagement in final-
year capstone design projects as stated in Section 3.4.1, we expected to have studies identifying
avenues for future work within this area. Estell and Hurtig (2014) for example, discuss ways of extend-
ing their case study to other universities by adopting best-practice methods such as introducing
multi-year projects, incorporating customer-stakeholder relationships and performing more pro-
gress reviews within capstone courses.

Trent Jr and Todd (2014) emphasised the need for promoting industry partnerships through cap-
stone design courses in order to improve students’ learning experience, while Shooter and Buffinton
(1999) noted that future projects could be improved by setting realistically attainable goals, estab-
lishing clear objectives and engaging in a cycle of continuous iteration for courses.

The recommendation to improve the transparency of administrative paperwork provided by Alexan-
der et al. (2015) within their case study can be put into practice by drafting externally sponsored cap-
stone programme agreements at other institutions to ensure effective execution of project outcomes.

Avenues for further work also include encouraging faculty and industry sponsors of such courses
to embed student and alumni input gathered through focus groups, panels and conferences (Shaul
Norback et al. 2014) as well as focusing on how to incorporate larger teams or student groups com-
prised of multiple disciplines within capstone courses (Solnosky, Parfitt, and Holland 2014). Finally,
Herz et al. (2011) also examined the expansion of their ongoing interdisciplinary undergraduate
bioengineering programme by fostering additional commercial partnerships and launching a new
graduate programme with a similar interdisciplinary focus.

3.5.2. Future work pertaining to industry-focused authentic learning opportunities (6
studies)
Following on from Section 3.4.2, some studies discussed possibilities for exploring future work
related to industry-focused authentic learning opportunities such as placements, internships and
other cooperative education initiatives. While Duwart et al. (1997) offered suggestions to apply
the concepts and practices of the cooperative education model to curricula within other universities
and countries, Murray, Hendry, and McQuade (2020) considered expanding their co-curricular learn-
ing initiative featuring evening workshops for civil engineering undergraduate students to the
daytime curriculum. The latter also noted how students’ exposure to industrial engineering can
be enhanced through mentoring by graduate engineers and through the introduction of degree
apprenticeship programmes.

Haag, Guilbeau, and Goble (2006) highlighted the need to further examine improving the provision
of skills such as planning, preparing, report-writing and presenting, which students from their engin-
eering internship programme were found to lack. This was similarly echoed by Durkin (2016) as part of
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the author’s summer internship case study, which suggested that experiential learning processes
should be embedded in engineering technology education. The benefits of short-term industrial pla-
cements also motivated Tennant et al. (2018) to emphasise the need to further develop similar aca-
demic-industry partnerships by exploring closer collaboration and increased opportunities.

Finally, as part of their future work, Lamancusa, Jorgensen, and Zayas-Castro (1997) concluded
that their case study on the manufacturing engineering education partnership featuring the devel-
opment of a practice-based engineering curriculum (the learning factory) should be continued and
accompanied in the future by the reporting of detailed assessment results of the project’s outcomes
and deliverables.

3.5.3. Future work pertaining to other forms of industry engagement (8 studies)
The remaining papers, similar to those from Section 3.4.3, presented avenues for future work dedi-
cated to other forms of industry engagement that did not identify with the common themes ident-
ified thus far and these have been summarised in more detail in Table 8 below.

4. Discussion & recommendations

4.1. Opportunities for new areas of focus in university-industry collaborations

Over one-third of the studies identified the development and implementation of senior/final-year
capstone design projects as the primary purpose of university-industry partnerships. This is unsur-
prising as a main characteristic of capstone design teaching is to promote employability, including
forming connections with potential employers in industry (Pembridge and Paretti 2019).

While capstone lends itself to industry partnership, this finding demonstrates the need for future
work in university-industry partnerships centred around the earlier years of the undergraduate
engineering curriculum. As more and more first-year engineering programs crop up that emphasise
design thinking, a unique opportunity for industry collaboration is available for motivated educators.
Beyond capstone and first-year, the middle years of engineering education have been neglected

Table 8. Summary of future work identified for bespoke forms of industry involvement.

Paper Areas for future work

Ruikar and Demian (2013) practitioners are recommended to explore podcasting opportunities within project-based learning
featuring industry involvement, while pedagogic researchers are encouraged to develop and
assess these from a learning context

Conradie et al. (2016) SME companies should be more involved in project-based courses as this allows students to
experience working as professionals under budget and time constraints, while being part of
multidisciplinary teams

Wasburn and Miller (2007) results from the current study on female-focused freshman seminars led by industry can be made
more statistically significant by conducting future research using a larger, randomly drawn
sample of both male and female students

Smith et al. (2018) future work can be aimed at comparing the efficacy of the petroleum engineering field sessions
with ongoing classroom-based learning in both social science and engineering courses that
include content on CSR

Burns et al. (2018) current study focused on the perception of senior engineering students to various industry
engagement activities can be expanded to gauge the differences in the student learning
perceptions of sophomore and senior year students

Wade (2013) the case studies presented highlighted the need for more universities to pursue mutually
beneficial partnerships with industrial technology providers through involvement in sponsored
summer internships, employability workshops and graduate placement opportunities

Soltani, Twigg, and Dickens
(2012)

further longitudinal and cross-section studies of industry sponsorship schemes should be carried
out over a longer timescale to include a larger survey sample covering other universities,
programmes and industry sectors and to also increase student awareness of such sponsorship
schemes through publicity material

Tener (1996) more universities and industry companies should come together to emphasise the stature and
prestige of a construction engineering degree by demonstrating the rigour and professional
training it provides to its graduates
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when it comes to design teaching (Lord and Chen 2014). Research exploring industry connections as
it pertains to design teaching in the middle years is another opportunity for development.

4.2. The role of theory in partnership studies

Just over a quarter of the studies had no theoretical framework/foundation to serve as the guide
behind their work. This was often absent or never explicitly mentioned in sufficient detail for the
reader. This could be an indication of a lack of theoretical underpinnings for the study of univer-
sity-industry partnerships or that this area of study is still in its relative infancy compared to other
areas in engineering education. Future works would benefit from a strong theoretical backbone
drawing from other fields, or at least references to past literature/existing theories. Additionally,
there appears to be an opportunity for grounded approaches that seek to develop theoretical frame-
works. However, ‘no single theoretical perspective provides an adequate foundation for a general
theory of collaboration’ (Gray andWood 1991, 3), so any theoretical advancements would lend them-
selves to being context-dependent.

4.3. The value of research methods in the study of educational partnerships

Notably, several studies do not apply a concrete methodology to derive conclusions for their
work, and in particular, data analysis techniques were often not mentioned. As with the absence
of a theoretical underpinning, the lack of methods indicates underdevelopment of research in
university-industry partnerships in engineering education. Most studies have employed unnamed/
non-specific qualitative methods of data collection and analysis, with just a few works that
explore quantitative methods. Future studies should seek to include a specific methods section
within their research work documenting the overarching method type (e.g. qualitative, quantitative
approach) as well as describing their sources of data collection and data analysis. Shaul Norback et al.
(2014) model this well by applying content analysis techniques from Krippendorff (2012).

More concerningly, in most of the studies reviewed, there were no obvious measures of research
quality (i.e. promoting validity, reliability, trustworthiness, etc), with the notable exception of
Wasburn and Miller (2007) who make use of triangulation (Patton 1990). While there are many
resources for promoting quantitative research quality, qualitative research quality in engineering
education has been primarily guided by trustworthiness as outlined by Lincoln & Guba (1985) and
the newer framework from Walther, Sochacka, and Kellam (2013).

4.4. The need to highlight evidence-based best practices

While not all studies explicitly stated the evidence-based practices to be adopted in university-indus-
try partnerships arising from within their own findings, many could be inferred from closer scrutiny
and interpretation of their conclusions. We recommend that future work make a more direct link in
their specific findings to key overarching recommendations for practitioners of partnership. Given
that many scholars in the field of engineering education are practitioner-researchers, this
becomes particularly salient.

4.5. The need to emphasise future work beyond study-specific contexts

Several papers identified areas of future work whose scope was limited simply to extending their
own case studies by adopting or incorporating a recommended form of best practice. While this
is certainly helpful locally, future studies should also comment on the future directions that their
work could take within the larger context of engineering education and how it might broadly
inform the scholarly literature on the subject (preferably by providing recommendations both to
practitioners and researchers).
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5. Concluding remarks

Through this systematic literature review, we documented the recent history leading to the
current state of the research around university-industry partnerships in engineering education.
In doing so, we identified purposes for collaborations, theories used, research methods,
evidence-based practices identified, and areas of future work. This paper can be used as a starting
point for researchers looking to contribute to the growing body of knowledge on educational
partnerships as well as practitioners looking to implement evidence-based approaches. While
there is a significant body of work being developed, there is still a major need to conduct more
robust research in this area as evidenced by the limited nature of the theoretical underpinnings,
methodologies, and measures of research quality employed. Without this, future work will be
limited in the conclusions it can draw.
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Appendix
Table A1. Summary of coded characteristics for each research question for the selected research studies.

Paper RQ1: Purpose RQ2: Theories
RQ3:
Methods RQ4: Findings RQ5: Future work

Abu-Mulaweh and
Abu-Mulaweh
(2019)

Capstone design
courses

Past literature
studies

Qualitative Industry involvement
in capstone design
courses

Limited scope for
future work

Alexander et al.
(2015)

Capstone design
courses

Past literature
studies

Qualitative Industry involvement
in capstone design
courses

Industry involvement
in capstone design
courses

Burns et al. (2018) Not specified Past literature
studies

Quantitative Other forms of
industry
involvement

Other forms of
industry
involvement

Conradie et al.
(2016)

Employability skills Existing
theoretical
frameworks

Not
mentioned

Other forms of
industry
involvement

Other forms of
industry
involvement

Demetry (1997) Capstone design
courses

None Mixed Limited to individual
study

Limited scope for
future work

Durkin (2016) Internships and
work placements

Existing
theoretical
frameworks

Qualitative Industry-focused
authentic learning
opportunities

Industry-focused
authentic learning
opportunities

Duwart et al. (1997) Employability skills Existing
theoretical
frameworks

Not
mentioned

Industry-focused
authentic learning
opportunities

Industry-focused
authentic learning
opportunities

Estell and Hurtig
(2014)

Employability skills None Mixed Industry involvement
in capstone design
courses

Industry involvement
in capstone design
courses

Gene Liao, Young,
and Moss (2013)

Employability skills None Qualitative Limited to individual
study

Limited scope for
future work

Goldberg et al.
(2014)

Capstone design
courses

Past literature
studies

Not
mentioned

Industry involvement
in capstone design
courses

Limited scope for
future work

Haag, Guilbeau, and
Goble (2006)

Internships and
work placements

None Mixed Industry-focused
authentic learning
opportunities

Industry-focused
authentic learning
opportunities

Herz et al. (2011) Capstone design
courses

None Mixed Industry involvement
in capstone design
courses

Industry involvement
in capstone design
courses

Lamancusa,
Jorgensen, and
Zayas-Castro
(1997)

Employability skills Existing
theoretical
frameworks

Not
mentioned

Industry-focused
authentic learning
opportunities

Industry-focused
authentic learning
opportunities

Martínez León
(2019)

Capstone design
courses

Existing
theoretical
frameworks

Qualitative Industry involvement
in capstone design
courses

Limited scope for
future work

Murray, Hendry, and
McQuade (2020)

Internships and
work placements

Existing
theoretical
frameworks

Qualitative Industry-focused
authentic learning
opportunities

Industry-focused
authentic learning
opportunities

Na Zhu (2018) Capstone design
courses

Bespoke
theoretical
guidance

Quantitative Industry involvement
in capstone design
courses

Limited scope for
future work

Pai and DeBlasio
(1997)

Capstone design
courses

Existing
theoretical
frameworks

Qualitative Limited to individual
study

Limited scope for
future work

Ruikar and Demian
(2013)

Capstone design
courses

Existing
theoretical
frameworks

Mixed Other forms of
industry
involvement

Other forms of
industry
involvement

Shaul Norback et al.
(2014)

Capstone design
courses

Past literature
studies

Mixed Industry involvement
in capstone design
courses

Industry involvement
in capstone design
courses

Shooter and
Buffinton (1999)

Not specified None Not
mentioned

Limited to individual
study

Industry involvement
in capstone design
courses

Smith et al. (2018) Qualitative

(Continued )
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Table A1. Continued.

Paper RQ1: Purpose RQ2: Theories
RQ3:
Methods RQ4: Findings RQ5: Future work

Enhancing student
attitudes towards
CSR

Bespoke
theoretical
guidance

Other forms of
industry
involvement

Other forms of
industry
involvement

Solnosky, Parfitt,
and Holland
(2014)

Employability skills Bespoke
theoretical
guidance

Qualitative Industry involvement
in capstone design
courses

Industry involvement
in capstone design
courses

Soltani, Twigg, and
Dickens (2012)

Sponsorship
funding for
students

Past literature
studies

Mixed Other forms of
industry
involvement

Other forms of
industry
involvement

Tener (1996) Not specified Past literature
studies

Not
mentioned

Other forms of
industry
involvement

Other forms of
industry
involvement

Tennant et al. (2018) Internships and
work placements

Existing
theoretical
frameworks

Qualitative Industry-focused
authentic learning
opportunities

Industry-focused
authentic learning
opportunities

Trent Jr. and Todd
(2014)

Capstone design
courses

None Qualitative Industry involvement
in capstone design
courses

Industry involvement
in capstone design
courses

Wade (2013) Technical resources
support

None Not
mentioned

Other forms of
industry
involvement

Other forms of
industry
involvement

Wasburn and Miller
(2007)

Female students
retention in STEM

Existing
theoretical
frameworks

Mixed Other forms of
industry
involvement

Other forms of
industry
involvement
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