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Abstract

Over the past decade, the societal impact of digital transformation, with the prospects of
a Fourth Industrial Revolution, has led to an innovation imperative in European
policymaking regarding higher education institutions (HEIs). However, not only is
the institutional strategic planning of HEISs still understudied, as the individual percep-
tions of faculty members about existing constraints to digital innovation have been
particularly overlooked. This article examines Portuguese universities and polytechnic
institutes, the two components of the national higher education system, to (1) charac-
terize the quality of the available digital infrastructure and resources (hardware and
software) and (2) identify the main constraints to digital innovation. The study conducts
the most comprehensive online questionnaire available to date on these topics across
Portuguese HEIs (N =547). The main constraints to digital innovation correspond to
limited infrastructure and resources, lack of funding opportunities, insufficient techno-
logical resources, a conservative academic culture, and a lack of technical support.
These barriers impact Portuguese regional development, as discussed in this study,
highlighting the need for the modernization of HEIs.
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1 Introduction

Higher education institutions (HEIs) have long been identified as key agents for
innovation and national and regional development (Caniéls and van den Bosch 2010;
European Commission 2014; Brennan et al. 2018). In Europe, this role has faced
considerable challenges over past decades as a result of different policy frameworks
(e.g., the Bologna Process) and societal demands (e.g., digitization, fast-changing
employment landscape). Different studies and recommendations on innovation in
higher education (HE) stress that successful innovative practices are the result of
multiple interconnected factors operating at national/regional and institutional levels,
such as institutional autonomy, an overarching vision matched by strategy, and an
expenditure on research and development (R&D) or existing infrastructure (Brennan
et al. 2018; European Commission 2014; Marshall 2018a; Reichert 2019). The latter is
highlighted as a facilitator of networks among third parties, supported governance, and
innovative pedagogical practices (Altbach 2016; Brennan et al. 2014; European
Commission 2018; Serdyukov 2017; Veletsianos 2016).

Portugal has been active in following European recommendations for the digitization
of education, but efforts often emanate from individual HEIs rather than from
policymaking (Dias and Gomes 2018). The call to implement a “Bologna Digital”
(Rampelt et al. 2018) and a Digital Education Action Plan (European Commission
2018) pressures HEIs to focus on different action lines. At the same time, HEIs are faced
with considerable constraints that may prevent actions from being taken and transfor-
mation from being achieved. These include financial and funding constraints; lack of
digital infrastructure, resources, and technical support; supportive institutional gover-
nance; or individual attitudes toward digital technologies (Avila et al. 2017; Kezar and
Eckel 2002; Kezar 2018; Lasakova et al. 2017; Marshall 2018a; Posselt et al. 2018).

The study of innovation in HEIs and the role of technological change have been the
object of different studies (e.g. Fox 2011; Kraft 1971; Luehrmann 1989; Razik and
Nalbone 1990; Smertenko et al. 2018). Nevertheless, institutional strategic planning
and policy related to digital innovation in HEIs are still under-researched domains
(Bond et al. 2018). In addition, research has been focusing on macro factor levels,
leaving a gap in terms of individuals and their perceptions of constraints to innovation
within their own institution. In this respect, as digital media and the technologies
associated with the Internet become pervasive in contemporary HE contexts, clear
and precise knowledge of the direct experiences of faculty members with digital
infrastructure and equipment is key.

The present study aims to characterize the self-reported quality of the available
digital infrastructure and equipment (software and hardware) and to identify key
constraints to innovation across Portuguese HEIs. The study intends to provide the
research community and policy makers with a comprehensive study that maps results
against regions and HE subsystems.

2 Constraints to innovation in HEls

Innovation can be broadly defined as the creation or improvement of ideas, products,
processes, services, or methods to advance activities of an HE institution or its regional
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context (Brennan et al. 2014; Hasanefendic et al. 2017). At a regional level, innovation
driven by HEIs involves different dimensions (Caniéls and van den Bosch 2010;
Reichert 2019). One is to contribute to the human capital and skills development, not
only of students, but also of employees. Another is to develop locally relevant R&D
activities, and still another is to exchange knowledge by engaging with external
stakeholders. All these are linked to a core dimension, which involves the strategic
transformation of institutional processes. One transversal facet of all dimensions is
technology, particularly digital technology (Brennan et al. 2014; Marshall 2018b;
Posselt et al. 2018).

Although the availability of technological and physical resources is only one of the
factors shaping change in HE, on their own, they do mold the exchange and dissem-
ination of knowledge (Moodie 2016). Digital information and communication technol-
ogies have a direct impact, not only on conceptions of learning and teaching, but also
on how these are organized, managed, and technically supported (e.g., Rosario 2012;
Shoham and Perry 2009; Vilimaa and Hoffman 2008).

Based on evidence collected across 10 European universities, a recent study on the
barriers and drivers of innovation in HE found three major clusters of hurdles: external
macro-level barriers of innovation, internal barriers acting within the participants’ organi-
zational environment, and individual-level barriers (Lasakova et al. 2017). At the external
macro level, the major barriers identified corresponded to rigid rules and inflexible admin-
istration, Information and Communication Technologies’ (ICT) insufficiencies, and weak
interplay with businesses. At the institutional level, the main barriers identified related to the
lack of a vision and inconsistent strategies, as well as rigid human resource management
operations. At the individual level, barriers referred mostly to unprepared and disengaged
faculty members, both in terms of ICT skills and innovative ways of teaching.

These results are in line with those identified by other studies focusing on innovation
and HEIs (Avila et al. 2017; Blaschke et al. 2014; Brennan et al. 2014). Others point at
further barriers. For instance, Marshall (2018a) focuses on the financial challenges and
funding constraints HEIs face in relation to the increasing cost of education and
concomitant decreases in public investment. Kezar (2018) looks at the organizational
culture and its effects on change strategies, while Harrison and Hargrove (2006) and
Paganelli and Cangemi (2019) concentrate on aging faculty and its influence on
institutional policies and practices. In this specific regard, Hasanefendic et al. (2017)
stress the importance of individuals’ motivation and interest in driving disruptive and
transformative approaches. In addition, at the individual level, Garcia and Roblin (2008)
highlight the importance of dialogue and collaboration among teachers and students.

The study of digital innovation in Portuguese HEIs is a fairly novel topic. Different
studies have focused on internalization, economic impacts, or mismatches between
expected skills and the current needs of the labor market (Alves et al. 2015; Fernandes
et al. 2013; Figueiredo et al. 2017; Mesquita and Castilho 2017), but little is known
about the existing constraints to digital innovation. Therefore, examining perceptions
on the topic among faculty members of Portuguese HEIs is of crucial interest.

2.1 The Portuguese context

Portuguese higher education is organized into two subsystems (universities and poly-
technic institutions), featuring the coexistence of both public and private sectors. In
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general, universities are guided by a perspective of research promotion and creation of
knowledge, and they aim at ensuring solid scientific training, while polytechnics are
guided by a perspective of applied R&D, and they aim at providing vocational and
advanced technical training for the labor market (Flores et al. 2019; Kauko and Diogo
2012; OECD 2019). The Portuguese HE subsystems were shaped by the adoption of
the Bologna Declaration in 1999, which resulted in a wider alignment with European
Higher Education Area (EHEA) principle goals in mobility, employability, quality
assurance, and the development of lifelong learning (EHEA 1999). New roles were
established regarding HEIs and their role in creating, sharing, and exploiting knowl-
edge of direct benefit to the wider economy and society around them (OECD 2019).

There are currently 287 HEIs in Portugal (Table 1). The majority is concentrated in
the North, Center, and Lisbon regions, following the national urban landscape. Uni-
versities are also mostly based in the major cities located in these regions, while
polytechnics are more spread throughout the country (Diregcdo Geral do Ensino Supe-
rior (DGES) 2018). This was part of a national policy to strengthen territorial cohesion
and promote regional development in areas with no universities or with a low level of
development, such as the interior areas of Portugal (File 2008; Governo da Republica
Portuguesa 2017). The lowest number of HEIs can be found in the Autonomous
Regions of the Azores (Azores AR) and Madeira (Madeira AR). These regions are
also the smallest in terms of territorial area.

Current data on funding awarded for R&D activities demonstrate that Lisbon is the
largest beneficiary and Madeira AR the smallest (Direcao Geral do Ensino Superior
(DGES) 2017). The Center and North regions follow as major beneficiaries, and the
difference between funding awarded to these regions and that awarded to the remaining
ones is striking. Nevertheless, Portugal is committed to increasing its level of R&D
investment in less developed regions by 2030 (Direcdo Geral do Ensino Superior
(DGES) 2018). Similar commitments are assumed in relation to the alignment of the
profiles and missions of HEIs to meet national and regional needs, the stimulation of
knowledge and innovation, and the improvement of HEIs’ digitization, combined with

Table 1 Number of HEIs by NUTS II (PORDATA 2019)

NUTS II Subsystems
Total University Polytechnic
Portugal 287 123 164
North 99 40 59
Center 53 16 37
Lisbon 89 50 39
Alentejo 19 4 15
Algarve 11 5 6
Azores AR 8 4
Madeira AR 8 4

Portugal is divided into seven different NUTS II (Nomenclature of Territorial Units for Statistics), corre-
sponding to the “regions”: North; Center; Lisbon Metropolitan Area (Lisbon); Alentejo; Algarve; Autono-
mous Region of the Azores (Azores AR); Autonomous Region of Madeira (Madeira AR)
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internet access and usage (Dire¢do Geral do Ensino Superior (DGES) 2018; OECD
2019).

In terms of regional digital indexes (RDIs), data point at an increased level of
digitization among all Nomenclature of Territorial Units for Statistics II (NUTS II)
regions between 2017 and 2018 (Ferreira and Amaral 2019). The exception refers to
the Alentejo region, which distances itself from the average calculated for Portugal.
Thus, Lisbon maintains its top position, scoring significantly higher than any other
region. Considering the latest four RDI sub-indexes, territorial disparities can be found
at different levels: (i) Context: conditions for the development of a digital society are
more favorable in Lisbon, while conditions in other regions have been worsening due
to the asymmetries between Portuguese regions; (ii) Infrastructure: the Algarve is the
only region, apart from Lisbon, to score above the national average. This contrasts with
the downward trend of all other regions, which are already below the national average;
(iii) Use: only the Algarve region matches Lisbon in performance scoring above the
national average. All the other regions score below the national average; (iv) Impact:
only Lisbon scores above the national average, which reinforces the notion of regional
asymmetries.

Such a panorama compromises national cohesion, commitments undertaken, and the
provision of equal opportunities to Portuguese citizens. Moreover, it highlights that
knowing the territory at the NUTS II level is, in fact, crucial for the definition of public
policies capable of countering this trend of worsening regional asymmetries (Ferreira
and Amaral 2019). Further data to complement and better depict a national overview
regarding conditions for HEIs to drive digital innovation is needed. The aim of the
present study is to characterize the quality of the available digital infrastructure and
resources in Portuguese HEIs and to identify the main constraints to digital innovation
as perceived by faculty members of HEIs. To this end, the perceptions of faculty
members were analyzed in terms of regional location (NUTS II) and HE subsystem
using the following research questions (RQ):

RQI. What are faculty members’ perceptions of the quality of the available digital
infrastructure?

RQ2. What are faculty members’ perceptions of the quality of the available
resources (hardware and software)?

RQ3. Which are the main constraints to digital innovation identified by faculty
members?

3 Research methods
3.1 The online questionnaire

For data collection, an online questionnaire was designed using the Qualtrics Survey
web-based platform, containing seven sections: (i) socio-demographic composition, (ii)
infrastructure and resources, (iii) digital skills for teaching, (iv) mobility and profes-
sional experience, (v) teaching environment, (vi) knowledge of the European digital
innovation agenda, and (vii) constraints to innovation. Sections (i), (ii), and (vii) were
used to answer the specific research questions of this article. Section (i) was used to
establish background information about the respondents, section (ii) to characterize the
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quality of the available digital infrastructure and resources (hardware and software),
and section (vii) to identify the main constraints to digital innovation. Section (ii) was
measured by two questions using a scale ranging from “Totally disagree” (1) to
“Totally agree” (5) and section (vii) by employing a drill-down question type.

The online questionnaire was pretested with a group of 11 HEI faculty members.
This sample of potential respondents assessed any needs for revision and improvement
in the survey design. The main objective was to check wording, technical jargon and
conceptual clarity, spell checking, and navigation structure. According to the pilot
group feedback, minor adjustments were implemented to optimize the comprehension
and readability of the instructions (e.g., normalization of expressions in Portuguese), as
well as the questionnaire’s digital user experience (e.g., introduction of a backspace
button). After operationalizing these adjustments, the definite data collection instrument
was created. The internal consistency of the questionnaire was assessed by Cronbach’s
alpha (.822).

3.2 Sample and procedure

In total, 642 responses were collected. Of these, 95 respondents (14.8%) did not answer
all questions and were, therefore, excluded. As such, our study sample was made of
547 faculty members. The demographic data of the sample are presented in Table 2.

The target participants for our study were faculty members engaged in teaching in
Portuguese HEIs distributed by the dual system composed of universities and poly-
technic institutes across the public and the private sectors and in all scientific domains
and Portuguese regions. We prepared for this study by composing a maximum
variation/heterogeneous purposive sample based on the fundamental inclusion condi-
tion of being publicly identified as a faculty member on the institutional web page (e.g.,
department, college, school) of a Portuguese HEI, covering all officially registered
universities and polytechnic institutes across the public and the private sectors and in all
scientific domains and Portuguese regions. Using this exploratory sampling criteria, a
database with 8563 entries was composed.

Participants were individually contacted via the institutional email made publicly
available on their educational institution website. Informed consent was obtained by
explicitly explaining the research objectives, the intervenient researchers and their
institutions, and the terms of the applicable privacy and anonymity regulations both
in the email body and in the questionnaire header. The online questionnaire was
released on May 3, 2019, only accessible by direct link, and distributed amongst the
sample database. Individual reminders were sent weekly, totalling three. The question-
naire was closed on May 30, 2019.

3.3 Data analysis

To answer RQ1 and RQ2, two two-way analyses of variance (ANOVAS) were used,
with a top-down approach, and the Bonferroni correction was used in multiple com-
parisons. Structurally, the two two-way ANOVAS were made up of two factors: “HE
subsystems” with two levels (University and Polytechnic) and “NUTS II regions” with
seven levels (Alentejo, Algarve, Center, Lisbon, North, Madeira AR and Azores AR).
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Table 2 Demographic characteristics of the respondents

Gender Male Female Other
N 259 286
% 523 47.4 0.3
Age (M) 40.2 (SD=9.2)
Teaching experience  18.9 (SD=10.3)
M)
HEI subsystem University ~ Polytechnic Both
N 268 246 33
% 49 45 6
Age (M) 51.8 49.7 517
(SD=9.39) (SD=8.28) (SD=12.6)
Teaching experience  20.6 17.1 19.4
™M) (SD=10.9) (SD=9.3) (SD=10.7)
Sector Public Private
N 443 104
% 81 19
NUTS I North Center Lisbon Alentejo Algarve Azores Madeira
AR AR
N 163 113 145 44 36 30 16
% 29.8 20.7 26.5 8 6.6 5.5 2.9

To answer RQ3, a Chi-square was performed to analyze the absolute differences in
proportions inferentially.

4 Results
The results are arranged in three parts, each corresponding to a research question.

4.1 . Perceptions of faculty members regarding the quality of available digital
infrastructure

Regarding the perceived quality of digital infrastructures, the mean scores obtained by
HE subsystems (university and polytechnic) and NUTS II regions (Alentejo, Algarve,
Center, Lisbon, North, Madeira AR and Azores AR and Azores AR) are shown in
Fig. 1.

It is possible to verify the homogeneity of perceived quality across regions. The
exception is found in relation to the Azores AR, which registers values of perceived
quality well below those registered in other regions. No major fluctuation is verified in
the perceived quality of digital infrastructure across HE subsystems. Nevertheless,
scores obtained by each HE subsystem vary according to NUTS II. For instance, while
in the Alentejo and Algarve regions the perception of digital infrastructure quality is
better among university faculty members, in the Center, the difference is subtle, but
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Fig. 1 Mean scores of the perceived quality of infrastructures by HE subsystem and NUTS II region

also favoring universities. On the contrary, in the North and Lisbon regions, the quality
of the digital infrastructure is better perceived by faculty members from the polytechnic
system. As there were no answers from the polytechnic system in the Madeira AR, it is
not possible to compare perceptions among faculty members from both HE
subsystems.

To establish the pattern described above inferentially and to test whether the verified
differences would reach statistical significance, a full between two factors (university
and polytechnic) and *seven levels (Alentejo, Algarve Lisbon, Center, North, and
Azores AR) ANOVA was performed. The ANOVA showed a main effect of NUTS
II (F[6500]=10.887, p <.001, 7,? =.095) and a statistical trend of interaction
(F[5500]1=2.330, p =.09, np2 =.018), but no effect of HE subsystem
(F[5500]1=.575, p =.449, 7],3 =.001) was found.

Considering the NUTS II effect, multiple comparisons were made with a Bonferroni
correction. The results of the multiple comparisons showed statistically significant
differences only between the Azores AR and all the other regions (p’s <.001 for all
comparisons). To explore better the interactive trend between NUTS II and HE
subsystems, multiple comparisons were also performed. The results of these analyses
showed that despite the absolute differences illustrated by Fig. 1, the perceived quality
of digital infrastructures only differs between university and polytechnic in Lisbon
(f[136]=-3.13, p <.001, 95% CI [-0.90, —0.19], Hedges’ gs = 0.54). The Common
Language effect size indicates that when we select a pair of individuals randomly (one
from the Polytechnic, the other from the University), the probability of the individual
from the Polytechnic individual to score higher than the University individual is 65%.
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4.2 . Perceptions of faculty members regarding the quality of the available
resources

Concerning the perceived quality of resources (hardware and software), the mean
scores obtained by HE subsystems (University and Polytechnic) and NUTS II regions
(Alentejo, Algarve, Center, Lisbon, North, Madeira AR and Azores AR) are shown in
Fig. 2. Similar to the previous analysis, the results obtained in the various NUTS II
regions do not vary widely, except for the Azores AR. Moreover, the values of the
perceived quality of the resources do not vary much across HE subsystems, but their
relationship varies according to NUTS II region. In the Alentejo, Lisbon, Center, and
North regions, the perception of the quality of resources is better among faculty
members from the Polytechnic institution, whereas in the Algarve and Azores regions,
this perception is better among faculty members from the University. Again, as there
were no answers from the Polytechnic system in the Madeira AR, it is not possible to
compare perceptions of faculty members from both HE subsystems.

A full between two factors (Polytechnic and University) and *seven levels (Alentejo,
Algarve Lisbon, Center, North, Madeira AR, and Azores AR) ANOVA was performed
to validate the descriptive results inferentially. The ANOVA showed a main effect of
NUTS 1I (F[6499]=5.811, p <.001, npz =.065), but no effect of HE subsystem
(FT5500]=.691, p =.406, 77,,2 =.001) or interaction (F[5500]=.727, p =.623, np2 =
007) was found. Considering the NUTS II effect, multiple comparisons were made with
Bonferroni correction. In this case, the results of the multiple comparisons also showed
significant differences between the Azores AR and all other regions (p’s <.001 for all
comparisons). No other significant results were obtained.

Sub-systems
of higher
education

D University

© Polytechnic

Percieved Quality of Resources

T T T T T T T
Alentejo Algarve Lisbon Centre North Madeira AR Azores AR
NUTS I

Error Bars: 95% Cl

Fig. 2 Mean scores of the perceived quality of resources by HE subsystem and NUTS II region
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4.3 . Main constraints to digital innovation

To verify whether the constraints to digital innovation differed in terms of HE
subsystems and NUTS II region, the descriptive differences regarding the
proportion of individuals choosing each of the constraints were explored
(Table 3). The strongest differences are highlighted and marked in bold font.
Those signaled with asterisks correspond to statistically significant differences.

Regarding the Alentejo region, the proportion of respondents who selected the
“Aging faculty” option as a constraint to digital innovation was greater among faculty
members from the University subsystem, but the difference was not significant.
However, the proportion of participants who selected “Rigid and inflexible rules”
(x2=11.8, p <.001) and “Inappropriate administrative organization” (x2 =9.02,
p <.01) as constraints was significantly greater among faculty members from the
Polytechnic institution than from the University.

With regard to the Algarve, while the proportion of respondents from the Polytech-
nic subsystem who selected the “Lack of collaboration among peers” and the “Lack of
technological resources” as the main constraints to digital innovation was greater, the
proportion of respondents from the University subsystem who selected the “Limited
infrastructure and resources” was greater. Despite these absolute differences, none
achieved statistical significance.

Relative to the Lisbon region, there were more respondents from the University
subsystem choosing the “Aging faculty” and “Conservative academic culture” options,
but more respondents from the Polytechnic subsystem opting for the “Limited infra-
structure and resources” constraint. However, and despite the absolute differences
achieved, statistical significance was only found for the “Aging faculty” constraint
(x2=6.07, p =.014).

For the Center region, the proportion was higher among faculty members from the
University subsystem regarding the options “Lack of technical support” and “Limited
infrastructure and resources,” and it was higher among faculty members from the
Polytechnic regarding the “Lack of technological resources” option. Differences found
were, but they were not significant.

Concerning the North region, the proportion of respondents who selected the “Lack
of technical support” and “Lack of technological resources” options as constraints to
digital innovation was greater within the Polytechnic subsystem. Contrary to this, the
proportion of respondents who selected the “Lack of collaboration among peers” as a
constraint was greater within the University subsystem. The absolute difference found
regarding the “Lack of technological resources” constraint obtained statistical signifi-
cance (x2="7.11, p=<.01).

Due to the absence of valid answers from the Polytechnic subsystem of the Madeira
AR, this analysis cannot be performed. Nevertheless, it is of interest to look at the main
constraint identified by University faculty members, which corresponds to the “Cen-
tralized management model of the institution.” This constraint was only chosen by
University faculty members from the autonomous regions.

Regarding the Azores AR, the proportion of faculty members who selected the
“Lack of technological resources” and “Limited infrastructure and resources” options
as constraints to digital innovation was higher within the Polytechnic subsystem.
Differently, the proportion of respondents who selected the “Centralized management

@ Springer



Education and Information Technologies

0 0 L9 L9 0T vvd BILUREITN (IR |
VLVd ON NV U
€1 184 911 1’01 L8 VY AysraArun
VLVd ON VY RIUL BRIV |
L'1- L'e 9p— L'l 91 YUON UARPIA
€9 L'L L8 4 €9 YHON. AISIAIUN)
8 14 [ €6 LY YUoN RILUREITN (IR |
90 LT~ 6°L LT 6'¢— heilicig) UARPIA
8tV 8t L91 '€l 9°¢ heilicig) ANSIIATUN)
(44 S'L 88 4! S'L heilicig) RILUREITN (IR |
¥'C 0 6'¢— L'y #S'P uogsry NU.L_PIA
L01 6L Lot LY1 79 uoqsr| AISIATUN)
€8 S'L 9Vl 01 L1 uoqsr| RILUREITN (IR |
1'S— L'L- 9¢— 134 9°G T3y UARPIA
0 0 L9 €€l ) § oAIeS|Y Apsaoatun
I's L'L €01 6 L'L oAre3[y druydNA0g
L 19 6C 91 9'6 ofoyuery RUIBPIQ
L 19 96 6'v1 9°6 ofayuory A)ISIATUN)
0 0 L9 €€l 0 oloyuary BILUREITN (IR |

% % % % %

UOISIA pue s100d Suowre uoddns eoruyo0 AIMnd dIWdpeIR
drysiopedy jo yoe] UOIJEIOqR[[09 JO o] Jo yoe JAIIBAIOSUO) Kynoey pasy

waIsAsqns Y pue uoidal I SINN Aq uoneaouur [e3ISIp 0} SJUIRNSUOD ) JO Yord FuIAJnuapt spenpiarpur jo uontodoid oy ur soouaIdI(q € djqel

pringer

A's



Education and Information Technologies

(1 L'y LT 9 €€l (1 L8 RIULBSITN (X |
9T 81— 'l 8'C (44 SL- I- UA.RHIA
¥'C 9'¢ 9'¢ S'6 61 'L 611 AysroArun
S ¥ ST L9 91 9vl 6Tl RIULRLIAN (N |
I'e - 10— Sl V- € r— dUd.RHPIA
€L y'e 8¢ €L 611 6 6L Aysadarun
(44 145 6C 8¢ €91 €11 |44} RILUCTIAVLY |
¥'9- 9C- [ I'v 991 Vvi- L Ud.PHIA
0 0 0 L9 £'ee L9 0T AyspaArun
¥'9 9C s 9T L91 'yl 871 RIUL RSN
e #P'LI- #xC'81— I'v— I's— 14! 10— NUARHIA
e 9T 8’1 9T 61 48 el AysroArun
0 07 07 L9 07 0 €€l Ao g

% % % % % % %

uoneziuesio so[nx uonmnsul Y Jo [opour SOOINOSAI puL

UonEIOUNWIOT QATIEnSIUTIPE o[qrxo[Jur JusweSeurur aImonnsegur S90INOSAI sonrunyroddo

A10308]S1IESUN oyenbopeuy pue pI1Sry pazifenua) paywIy [eo130[ouyd9) Jo yor] Surpuny Jo yoe]
€l 194 (%4 ¥'e €1l vvd NUAPHIA
€1 194 911 1ot L'8 vvda AysroArun

% % % % %
UOISIA pue s100d Suowre poddns [eoruyo9) QIMNoO dIdped.
diysiopesy jo yoe UORIOGR[[0d JO OB Jo e QAIJBAIOSUO)) Kynoey pady

(ponunuod) € a|qe)

pringer

A's



Education and Information Technologies

0 0 TL SpI 991 #L' 1T 4 URIIA
0 0 L Syl 101 911 L8 KisA1un)
0 0 0 0 L9t €€ L9 duydRA[04d
VLVd ON RULBPIA
0 0 L S 101 911 L8 KisAmun
V.LVd ON druydsiod
€0 I L0- €T ! *8— €¢ DUBIIA
€01 LS 4 €8 4! €L 4! Kisapatun
% % % % % % %
uoneziuesIo So[nI uonmIsur ay) Jo [opowr $30IN0SAI pue
uoneIuNUIAI QATRISIUTWIPE Q[qrxa[yuI JudwoSeuLw Imonnseur $90IN0SAI sontunoddo
K1oyoejsnesun ojenbopeuy pue piSry pazijenua) paywry [ea130[0uydd) JO JorT Surpunj jo yoe]

(ponunuod) € a|qe)

pringer

A's



Education and Information Technologies

model of the institution” option as a constraint to digital innovation was greater within
the University subsystem. The absolute difference found in the “Lack of technological
resources” constraint obtained statistical significance (x2 =4.45, p =.035).

A global analysis enables us to verify the weight of the constraint “Limited infrastructure
and resources.” The dominance of this constraint was not found within the University
subsystems from the Portuguese autonomous regions. Figure 3 (left panel) identifies the
proportion of respondents who reported the five most selected constraints [1 - Limited
infrastructure and resources; 2 - Lack of funding opportunities; 3 - Lack of technological
resources; 4 - Conservative academic culture; 5 - Lack of technical support].

A chi-square analysis shows a statistically significant difference between the pro-
portion of the first (Limited infrastructure and resources) and the second (Lack of
funding opportunities) most reported constraints (x2 =7.3, p <.01; See difference in
Fig. 3, Right Panel).

To complement these results, Fig. 4 provides an overview of the main constraints,
which hinder digital innovation. Again, these, independently from NUTS II region or
HE subsystem, correspond to Limited infrastructure and resources, Lack of funding
opportunities, Lack of technological resources, Conservative academic culture, and
Lack of technical support.

5 Discussion

The main objective of this study was to characterize the quality of the available digital
infrastructure and resources (hardware and software) and to identify the main
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Fig. 3 Proportion of respondents who reported the five most selected constraints

@ Springer



Education and Information Technologies

Unsatisfactory remuneration

S .....-

Limited infrastructure and resources

Lack of technological resources

Lack of technical support

% of Responses.
Lack of leadership and vision m

Constraints

Lack of funding opportunities

Lack of collaboration between peers

Conservative academic culture

C i model of the instituti

Aging faculty |

Alentejo
Algarve
Azores AR
Centre
Lisbon
Madeira AR
North
Polytechnic
University
FULL

Fig. 4 Response (%) in each constraint according to NUTS II region, HE subsystem, and full sample

constraints to digital innovation in Portuguese universities and polytechnic institutions.
Regarding the quality of the available digital infrastructure, the study results suggest a
homogeneity of perceived quality across regions. The exception can be found in relation to
the Azores AR, which registers values of perceived quality well below those registered in
other regions. This finding may come as no surprise given the RDI (Ferreira and Amaral
2019), which places the Azores AR in the last position of the digital level, despite scoring
higher than the national average where infrastructure is concerned. Results are also
consistent with the study of Avila et al. (2017), which points at differences between
geographical regions in terms of conditions and constraints faced by HEIs. The same can
be said in relation to the perceived quality of the available resources. Again, respondents
from the Azores AR have a lower perception of the quality of available hardware and
software as compared to other regions. This result recommends carrying out further
studies in peripheral regions, particularly in island regions, dedicated to verifying more
deeply the correlation between the geographic distance to political decision-making
national bodies and the levels of satisfaction of faculty members when regarding the
quality of the available digital infrastructure and resources.

Concerning the main constraints to digital innovation, our results are consistent with
previous studies (Lasakova et al. 2017; Marshall 2018a, 2018b; Sanderson 2018),
having found that the main constraints are (#1) the limited infrastructure and resources,
(#2) a lack of funding opportunities, (#3) a lack of technological resources, (#4) a
conservative academic culture, and (#5) a lack of technical support. Considering that
HEIs are expected by policymakers to be key agents for innovation and regional
development, our results signal what we call a practical expectation gap, i.e., a
significant inconsistency between the general prospect by policymakers that HEIs play
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a leading role in digital innovation, capable of leveraging regional and national
development, and the fundamental material conditions needed for that mission to be
fully achieved. On the other hand, we consider of particular importance that studies
with an ethnographic nature are developed, allowing a deeper qualitative characteriza-
tion of academic culture, predominantly the innovative/conservative axis in the face of
contemporary challenges.

Considering the five main constraints to innovation identified, for the practice of
educational policies, there is a clear need for both a national strategic intervention, as
well as for local specific planning that addresses the material conditions to support HE
societal missions in Portugal. If, on the one hand, Portuguese HEIs are expected to play
significant roles in the knowledge society, namely, through innovation, R&D, and
enhanced regional and/or national economic value, on the other, the negative impact
unreliable and/or unavailable infrastructures and resources have on the activities of HEI
faculty is now solidly documented. Our findings are aligned with previous inquiries
across distinct national realities (Avila et al. 2017; Ferreira and Amaral 2019).

It is striking to notice that infrastructure, technological resources, and technical
support are amongst the top barriers to digital innovation in Portuguese universities
and polytechnic institutes. The inadequate and/or asymmetric availability of digital
infrastructure and resources is hindering the innovative potential of digitization in the
Portuguese context. This fact underlines the significant divide, also stressed by the
European Commission Digital Education Action Plan (2018), still in place between and
within EU member states, regarding digital infrastructure, which hinders inclusive
growth. This is a crucial path for future research in this field.

In view of these results, future studies need to appreciate if/how the possible benefits
coming from the interconnectedness of academic research and HEIs’ economic activity
are indeed being retained and reinvested in support of the development of HEIs’
innovative potential, as previous research has shown the existence of a positive and
significant effect of business, public, and HE R&D on innovation in the EU (Pegkas
et al. 2019) and, particularly, that science-based and knowledge-intensive business
services are active collaborators with universities for innovation (Lee and Miozzo
2019). In the Portuguese context, it is still unclear if/how HEIs are sharing knowledge
and technological assets across organizational boundaries.

On the other hand, considering the reported relationship between HEIs and regional
economic impact (Brennan et al. 2018; Caniéls and van den Bosch 2010; Valero and
Reenen 2019), a new branch of studies also needs to address the real contribution of
regionally based policy making on digital innovation and assess its efficiency on closing
the asymmetries between high and low and between coastal and interior regional
economies. Complementarily, both from a research and a scientific policy-making
perspective, studies on the drivers of and barriers to collaboration between Portuguese
universities and polytechnic institutes are lacking. In particular, the flow level of shared
knowledge, technical expertise, and technological infrastructure must be evaluated
toward the possible creation of joint ventures and regional 1&D clusters among HEIs.

5.1 Study limitations

Despite comprising the most comprehensive online questionnaire available to date on
digital innovation in Portuguese HEIs, our study has some limitations: (1) its
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exploratory nature led us to choose a quantitative research design operationalized
through an online questionnaire aimed at covering both Portuguese universities and
polytechnic institutes across the public and the private sectors and in all scientific
domains and regions. Quantitative data generated by our online questionnaire was
analyzed descriptively, asking for further cross-variate analysis work. Without a com-
plementary qualitative research approach (e.g., semi-structured interviews), the reading
of the data we generated will remain incomplete. (2) Considering the purposive sample
database of 8563 entries, the response rate is low (6.4%). Respondents who answered
the questionnaire did so voluntarily, which may have led to a selection bias in favor of
those participating who are already interested in digital innovation. (3) Because a web-
based questionnaire was used to gather the data, this may have led to faculty members
already feeling some degree of engagement with digital technologies being the ones
willing to participate in our study. (4) Despite conducting the most comprehensive
online questionnaire on digital innovation in Portuguese HEIs to date (N =547), no
statistical representativeness is claimed. A generalization of the results across socio-
demographic variables must be appreciated with particular epistemological moderation
and considered in future developments, as sampling, due to its exploratory design, may
affect generalizability and, particularly, underrepresentation.
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