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Abstract

Purpose: The aim of this study is to empirically analyse how motivation and the opportunity to
investigate enhance the direct relation between the researcher’s human capital and individual scientific
performance.

Design/methodology: Following recent investigations of strategic human capital and the abilities-
motivation-opportunity (AMO) theory, we propose a double quantitative-qualitative methodology to
identify the determinants of individual scientific performance.

Findings: Applying regression analysis to a sample of 471 Spanish academic researchers, we confirm
the moderating role of a researcher’s motivation and opportunities.

Originality/value: Drawing on the empirical evidence obtained, this work discusses the relevant
determinants of scientific productivity, providing practical recommendations for research management
and policy making.
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1. Introduction

While direct funding from the government remains the predominant source of university research funding, in
recent decades, it has been losing prominence in favour of external funds (Auranen & Nieminen, 2010). It is
generally assumed that academic research productivity and efficiency are linked to external competitive incentives
by fundraising (Gonzalez-Brambila & Veloso, 2007). Since scientific productivity determines the allocation of
funds and drives success in academic careers, the researchers have tried to identify those factors that could help
to explain individual research performance. Some studies have analysed factors such as gender (Turner &
Mairesse, 2003), age (Rorstad & Aknes, 2015; Wollersheim, Lenz, Welpe & Spérrle, 2015), education
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(Buchmueller, Dominitz & Hansen, 1999) or individual membership in highly productive academic cohorts
(Kwiek, 2016), with mixed results (Gonzalez-Bambrila & Veloso, 2007).

The application of approaches that contextualize the determinants of academic researcher performance
becomes necessary to design more efficient research management policies (Diem & Wolter, 2013; Hedjazi &
Behravan, 2011; Bazeley, 2010; Dundar & Lewis, 1998). In this context, abilities-motivation-opportunity (AMO)
theory has emerged as a suitable approach to evaluate employee performance by differentiating between its key
factors (Marin-Garcia & Martinez Tomas, 2016; Jiang, Lepak, Hu & Baer, 2012). AMO theory considers that
individual performance depends not only on individuals’ abilities and job-related motivation, but also on the
opportunities offered by their universities and immediate surrounding environment (sectorial technology centres,
business foundations, research and development institutes, etc.). AMO theory has been applied by a large
number of papers in the organizational context (Van Waeyenber & Decramer, 2018; Benet-Zepf, Marin-Garcia
& Kiister, 2018; Bos-Nehles, Van Riemsdijk & Kees-Looise, 2013); however, to our knowledge, there are few
studies in the educational context (Bouwmans, Runhaar, Wesselink & Mulder, 2019; Runhaar, 2017; Wollersheim
et al,, 2015), and none of them explore these variables in the academic research context. Some studies indicate a
developing understanding of how context impacts these relationships (Johns, 2017). In summary, the behaviour
of the AMO variables according to field of research could offer new perspectives to university managers.

This AMO theory-based study contributes to the literature to better understand the factors that explain
individual scientific performance in the context of academic institutions. Based on a review of the existing
literature and application of a double quantitative-qualitative methodology, a set of AMO elements was defined
and analysed. The study is organized as follows. After this introduction, we review the literature and propose a
model where individual scientific performance is linked to the three AMO elements by defining three
hypotheses. We propose a double quantitative-qualitative methodology to identify the determinants of individual
scientific performance. Then, the process of data gathering and analysis, based on a sample of 471 Spanish
researchers, is explained in detail. Accordingly, four regression models have been developed with the goal of
contrasting the proposed hypotheses. The last section explains the conclusions and limitations of this study and
identifies possible future lines of research.

2. Theoretical framework and hypotheses

Researchers have put great effort into analysing the link between individual employee effort and individual
performance (Wright & McMahan, 2011). In this context, AMO theory suggests that an individual’s
discretionary effort is conditioned by the ability, motivation and opportunity to participate (Appelbaum, Bailey,
Berg & Kallenberg, 2000). The role of these elements in individual performance has been explored by authors
such as Beltran-Martin and Bou-Llusar (2018) and Wang and Xu (2017). However, it is necessary to further
investigate their relevance in different organizational contexts (Van Waeyenber & Decramer, 2018; Knies &
Leisink, 2014). In the next sections, we explore the impact of AMO elements in the research academic context,
with the objective of defining hypotheses for the relationships specified in the proposed AMO models. Only
research ability, we argue, has an independent, direct, and positive effect on scientific performance, and this
effect could be positively or negatively influenced by motivation and opportunity. Researcher ability is defined as
the research knowledge, skills and abilities of academic researchers necessary for scientific performance.
Researcher motivation represents the desire and willingness to scientific performance. Finally, researchers’ abilities
are involved in decisions that impact scientific performance when they are given the opportunity to do so. In the
next sections, we review what is known about researchers’ abilities, motivation and opportunities.

2.1. Research abilities: Academic human capital perspective

The literature has identified the first dimension of the AMO approach as human capital, defined as the set of
knowledge, skills and abilities (IKSA) that enables an individual to carry out a particular activity in a specific
context (Kim, Pathak & Werner, 2015; Jiang et al., 2012). The scientific literature has not reached a consensus on
which human capital-specific attributes enable academics to carry out research activities (Durette, Fournier &
Lafon, 2016; McNie, Parris & Sarewitz, 2016; Thunnissen & Van Arensbergen, 2015).
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Generally, knowledge has been classified by researchers into two types: tacit and explicit (Nonaka & Takeuchi,
1995). Tacit knowledge refers to formal knowledge associated with the procedures, routines or ideas acquired
through specific training received during academic studies (Horta & Santos, 2016; Su, 2011). This individual-
based knowledge is generated as an implicit combination of the acquired cognitive models, experiences, points
of view, intuition, etc., that enables individuals to understand the nature of a research topic within a specific
tield. Therefore, it is composed of both the fundamental theories and assumptions of a specific discipline
(Bozeman, Dietz, & Gaughan, 2001; Lovitts, 2005), as well as the essential and specific elements of a particular
research line (L.ee, Miozzo & Laredo, 2010).

Second, existing studies considered explicit knowledge as the knowledge stored in various knowledge
repositories, such as books, research dissertations, academic journals, and databases, which are available to future
researchers (Rowley, 2000; Tiam, Nakamori & Wierzbicki, 2009; Prpi¢, 1996). In this case, such knowledge is
petfectly coded in a systematized language that can be easily transmissible between academic researchers.

The literature does not show a clear differentiation between scientific skills and scientific abilities. Some authors
have characterized scientific skills as general personal attributes applicable to different types of jobs, such as
vocation to work (Bentley & Kyvik, 2013), creativity (Marie, 2008) or professional ethics (Bell & Bryman, 2007). From
this point of view, academic skills can be understood as those individual capabilities related to the execution of a
single task. Conversely, scientific abilities are composed of job attributes more specific to research, such as e
capacity to identify research topics (Ulrich & Dash, 2013), the capacity to communicate research ontcomes (Thunnissen & Van
Arensbergen, 2015) ot the capacity to formulate bypotheses and collect data (Marie, 2008). In this sense, scientific abilities
are defined as individual capabilities that foster adequate research performance.

Figure 1 summarizes this conceptualization of research abilities.

1
1
1 1
_____________________ \ Research abilities —
I I

Academic Human capital

Figure 1. Theoretical research model for researcher abilities

Different studies have confirmed the positive influence of human capital on performance (Wright, Coff &
Moliterno, 2014; Harris, McMahan & Wright, 2012; Coff & Kryscynski, 2011). For this purpose, they have
argued that the stock of aggregated human capital helps to generate sustainable competitive advantages (Ployhart
& Moliterno, 2011). According to the above arguments, it seems clear that human capital is essential for research.
Based on the above, we propose the following hypothesis to determine the composition of human capital in the
academic field:

Hypothesis 1: There is a direct and positive relationship between a researchers abilities (acadenzic human capital) and
individual scientific performance.

Hypothesis 1a: There is a direct and positive relationship between theoretical knowledge and individnal scientific
performance.

-126-



Hypothesis 1b: There is a direct and positive relationship between explicit knowledge and individual scientific
performance.

Hypothesis 1¢: There is a direct and positive relationship between scientific skills and individual scientific performance.
Hypothesis 1d: There is a direct and positive relationship between scientific abilities and individnal scientific performance.

This direct relation between human capital and individual scientific performance will be used as a starting point
to examine the effect of the other two AMO theory dimensions: motivation and opportunity. These two
dimensions are studied as moderating variables of the main and direct relation. The moderation effects will be
explained in the next section.

2.2. The moderating dimensions: Motivation and opportunity

Human capital (abilities) is a necessary condition for a researcher to carry out his or her activity. An additional
element is required, which is the will to conduct research. Motivation is the trigger that activates researchers’
human capital (Bos-Nehles et al., 2013). Motivation is defined as the desire and the amount of effort that people
are willing to put into a particular activity (Mitchell, 1982). Individual motivation, or absence of it, can inhibit,
encourage or compensate for the knowledge and/or abilities of an individual (MacDuffie, 1995). Within the
academic field, this factor encourages the researcher to explore, understand and propose his or her own ideas in
the scientific field, thereby generating new knowledge (Bland, Center, Finstad, Risbey & Staples, 2005).

The literature on motivation has identified two classic types of motivation: internal or intrinsic motivation and
external or extrinsic motivation (Wollersheim et al., 2015; Deemer, Martens & Buboltz, 2010). Intrinsic
motivation is related to the level of involvement and identification of the individual with his/her job. It is
thereby determined by the extent to which the researcher considers his or her research activity to be relevant,
stimulating and challenging (Van der Weijden, Belder, Van Arensbergen & Van den Besselaar, 2015). Extrinsic
motivation, on the other hand, is associated with individual interests and values that enable the design of reward
and promotion systems linked as much to the development of the activity as to personal acknowledgement
(Peng & Gao, 2019). For researchers, the literature considers a set of mechanisms such as academic career
promotion (Tien, 2008), salary increases or teaching workload reduction based on academic performance
(Lissoni, Mairesse, Montobbio & Pezzoni, 2011).

In the university sector, studies have analysed the joint effects of researchers’ intrinsic and extrinsic motivation
and reported inconclusive conclusions (Janger & Nowotny, 2016; Hardre & Kollmann, 2012). Some studies, such
as those by Shmatko and Volkova (2017) or Kwiek (2016), concluded that intrinsic motivation has a more
positive contribution than extrinsic motivation because of the resulting satisfaction associated with carrying out
research activity. Fox (1983) found that researchers” intrinsic motivation may compensate for the absence of
external motivation. As Lovitts (2005) pointed out, those researchers who have enough autonomy to define and
carry out their research projects are more internally motivated because of the satisfaction of developing research
studies that are actually appealing to them (Chen, Gupta & Hoshower, 2000).

Considering previous arguments, we expect that intrinsic and extrinsic motivation contribute to the satisfaction,
professional prestige and reward of researchers. In short, we summarize researcher motivation in Figure 2.

Researcher Motivation

Figure 2. Theoretical research model for researcher motivation
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Thus, we propose the following hypotheses in the research context:

Hypothesis 2: The positive effect of a researchers abilities (academic human capital) on individual scientific performance
increases as the researcher’s motivation increases.

Hypothesis 2a: The positive effect of a researcher’s abilities (academic human capital) on individual scientific performance
increases as the researcher’s intrinsic motivation increases.

Hypothesis 2b: The positive effect of a researcher’s abilities (academic human capital) on individnal scientific performance
increases as the researcher’s extrinsic motivation increases.

Existing research points out that even when employees have the ability and motivation to perform their jobs,
there might be no effect on performance if the organization does not provide the necessary resources (Lepak,
Liao, Chung & Harden, 2006; Jiang et al., 2012). An opportunity represents the contextual mechanisms that
encourage action, such as the work environment and organizational facilities (Boxall & Purcell, 2003; Siemsen,
Roth & Balasubramanian, 2008). This dimension includes those elements that facilitate or restrict job execution,
such as the particular configuration of the environment surrounding the employee (Blumberg & Pringle, 1982).
The literature has identified three basic categories of resources for research: financial funds, availability of
qualified human resources, and physical and digital resources (Agasisti, Catalano, Landoni & Verganti, 2012;
Agasisti, Dal Bianco, Landoni, Sala & Salerno, 2011; Schuelke-Leech, 2013). Financial funds, although showing
noticeable differences by the field of knowledge, have traditionally been considered one the main resources for
research (Hicks, 2012). Some studies propose that the concentration of financial funds allows greater research
results to be achieved (Lariviere, Macaluso, Archambault & Gingras, 2010; Zucker, Darby, Furner, Liu & Ma,
2007).

The literature has also explored the availability of qualified human resonrces in the research context. Some authors
have proposed that individual research productivity is conditioned by the researcher life cycle (Gonzalez-
Brambila and Veloso, 2007). Such studies suggest that scientific production is highly concentrated within only a
few senior researchers (Kwick, 2016). Nonetheless, inasmuch as scientific research activities are currently mainly
a question of collaboration within a team, the availability of qualified human resources appears to be a question
of balance in team composition. If senior researchers are responsible for providing the human and material
resources needed to foster research activity (Carayol & Matt, 2004; Delamont, Atkinson & Parry, 1997), junior
researchers should support research activities, allowing senior researchers to improve the team's intellectual
resources, which leads to new knowledge and skills in scientific performance (White, James, Burke & Allen,
2012). Furthermore, an experienced researcher is key to improving the psychosocial working conditions of PhD
students, increasing the number of successful PhD candidates and research group performance (Levecque,
Ansell, De Beuckelaer, Van der Heyden & Gisle, 2017; Nguyen, 2016; Curtin, Malley & Stewart, 20106). Last,
senior researchers must ensure that support staff help academic researchers focus on research activity and
increase their time devoted to research (Mudrak et al, 2018; Nguyen, 2016; Barham, Foltz & Prager, 2014).

Finally, academic research requires the availability of physical resources (space, infrastructure and equipment) as well
as the availability of digital resources (databases, scientific and statistical software) (Schuelke-Leech, 2013). Access to
specialized equipment and academic knowledge, among other resources, facilitates scientific productivity (Wang,
Peters & Guan, 2006). Within this context, studies such as Kapyld, Jddskeldinen and Lénnqvist, (2010) identify
the management and use of ICT as facilitators of scientific productivity as they enable access to the databases
necessary for literature reviews. However, this finding contrasts with those of other studies, such as the results
reported by Agasisti et al. (2011), which were not consistent when contrasting the effect of infrastructure and
the research efficiency of different departments.

In short, we summarize the conceptualization of research opportunities in Figure 3.
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v

Researcher opportunity

Figure 3. Theoretical research model for researcher opportunities

The literature review suggests that opportunity conditions the relationship between academic human capital
(researcher abilities) and individual scientific performance. Different classic frameworks, such as the job-
demands-control model, have considered the multiplicative effects between the abilities and opportunities
dimensions (Karasek, 1979). Consequently, our model suggests that opportunities are necessary to promote
researchers” abilities and scientific performance. Therefore, we propose the following hypotheses:

Hypothesis 3: The positive effect of a researchers ™ abilities (academic human capital) on individual scientific performance is
higher as the researcher’s opportunities increase.

Hypothesis 3a: The positive effect of a researcher’s abilities (academic human capital) on individual scientific performance
increases as the availability of financial resources increases.

Hypothesis 3b: The positive effect of a researcher’s abilities (academic human capital) on individnal scientific performance
increases as the availability of qualified human resonrces increases.

Hypothesis 3¢: The positive effect of a researcher’s abilities (academic human capital) on individunal scientific performance
increases as the availability of physical resources increases.

Hypothesis 3d: The positive effect of a researcher’s abilities (academic human capital) on individual scientific performance
increases as the availability of digital resonrces increases.

Figure 4 shows the theoretical model proposed based on the AMO approach for the academic context.

Researcher motivation
(Intrinsic or extrnsic)

Researcher abilities - Individual Scientific
(Academic Human > petformance
capital)

Researcher opportunities
(fmancial resources, human resources,

physical and digital resources)

Figure 4. Theoretical research model for the effectiveness of academic researchers
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3. Methodology

3.1. Survey design

Since the literature does not offer a validated measurement scale, we considered designing and validating a scale
adapted to the research field. For this purpose, a qualitative process was developed based on expert opinion and
the Delphi methodology (Landeta, 1999). This methodology offers a systematic and iterative procedure that aims
to achieve expert consensus. Experts are informed about the opinions of others with the purpose of reaching
consensus (Landeta, 1999). Our expert panel was composed of principal investigators (PIs) from the Plan
Andaluz de Investigacion (Andalusian Research Plan). They were chosen because of their knowledge and varied
experience in the development and management of scientific processes, as well as project and research team
management. Experts were selected from the different scientific fields of study to avoid response bias and
subjectivity issues resulting from this type of technique (Okoli & Pawlowski, 2004). The final expert panel was
composed of 62 PIs (20 in arts and humanities, 18 in sciences, 8 in health sciences, 6 in law and social sciences
and 10 in engineering and architecture). The distribution according to field of study suggests that the studied
variables will be similar to those seen in other Spanish universities due to their nature. Also, the criteria used in
the Andalusian Research Plan are the same the criteria used in other Spanish universities to define the research
groups and their evaluation. In summary, the selected experts have similar characteristics to the research groups
from other Spanish universities. Eight open questions were presented to the Pls in order to reach an expert
consensus. After three rounds of discussion, the Pls reached consensus. Thirty-six items were identified: 22
items for measuring human capital (abilities), 6 for motivation, and 8 for opportunity. From these, we designed a
questionnaire with 36 items on a 5-point Likert scale (1= completely disagree and 5= completely agree),
including demographic questions on gender, age, length of academic career, number of six-year period of
research positively assessed-sexenio-, academic rank, field of study, and university. Then, a pre-test was
conducted among a group of researchers to eliminate any issues in the design and drafting of each item. Prior to
the survey, we reduced the ambiguous and unclear items, vague concepts, and complex wording during the
expert panel and survey design stages to minimize common method bias (CMB).

Sample description

Data were gathered through an online survey aimed at researchers from Spanish universities. The fieldwork took
place from January—October 2017. The survey was submitted to the research vice-rectorate of Spanish public
universities with the request to distribute them among researchers, and a total of 2223 responses were obtained.
Considering the nature of our model and dataset, we paid particular attention to controlling for CMB. We
developed procedures to control for possible biases based on the recommended studies, such as Conway and
Lance (2010) and Podsakoff, MacKenzie, Lee and Podsakoff (2003), which allowed us to conclude that CMB
was not a serious concern. From the Harman one-factor test, several factors emerged from each AMO
dimension, suggesting that CMB did not significantly affect the empirical analysis (Podsakoff et al., 2003). On
the other hand, we studied the partial correlation adjustment in the sample obtained. We defined one marker
variable to compare the correlation matrix of the factor variable and correlations adjusted following the
indications of Lindell and Whitney (2001) (see Appendix). Our results showed that only one of the significant
correlations became non-significant after adjustment. These results demonstrate that CMB did not significantly
influence the analyses.

To define the final sample, we kept only individuals who identified themselves by name or ORCID code and
who had a permanent position at the university (full professors-“catedriticos”, professors-“titulares de universidad’
and associate professors- “contratado doctores”). The identification of respondents was necessary to analyse their
academic results. Since the identification of researchers could induce social desirability bias in their responses, we
placed the items used for identification at the end of the questionnaire.

The final sample consisted of a total of 471 valid responses (21.19%), which provided valid and reliable
measutes of the dimensions treated in the present study. Table 1 presents the sample descriptive statistics.
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Variable

Descriptive Statistics

Gender Male: 65%
Female: 35%
Age >065 years: 4.8%

56-65 years: 26.5%
46-55 years: 49.1%
36-45 years: 19%
< 35years: 0.8%

Length of academic
career

>20 years: 67.3%
16-20 years: 17.2%
11-15 years: 10.2%
5-10 years:4.7%

< Syears: 0.6%

Number of six-year
period of research
positively assessed
(sexcenio)

6: 3.0%

5:10.4%
4:20.3%
3:22.4%
2:20.7%
1: 15.8%
0: 7.5%

Academic rank

Full Professors (catedriticos): 31.8%
Professors (titulares de universidad): 50.5%
Associate Professors (contratado doctores): 17.6%

Field of study

Art & Humanities: 15.1%
Sciences: 37.7%

Health Sciences: 8.1%

Law & Social Sciences: 23%
Engineering & Architecture: 16.2%

University

University of Oviedo: 9.6%

University of Valladolid: 8.5%
University Politécnica de Madrid: 7.9%
University of Las Palmas de Gran Canaria: 7%
University of Malaga: 6,8%

University Complutense de Madrid: 5.3%
University of Sevilla: 4.5%

University of Alcala: 3.8%

University of Alicante: 3.8%

University of Leén: 3.4%

University of Zaragoza: 3.4%

University of Cantabria: 3%

University of Barcelona: 2,8%
University of Granada: 2.8%

University of La Laguna: 2.5%
University Politécnica de Valencia: 2.5%
University of Vigo: 2.3%

University Auténoma de Madrid: 2.1%
University of Corufa: 1.9%

University of Pais Vasco: 1.9%
University of Valencia: 1.9%

University of Vic:1.7%

University Politécnica de Catalufia: 1.5%
University Auténoma de Barcelona: 1.3%
University of Burgos: 1.3%

University of Cérdoba: 1.3%

University of Girona: 1.3%

University of Almerfa: 0.6%

University Politécnica de Cartagena:0.6%
University Rey Juan Carlos: 0.6%
University of Salamanca:0.6%
University Carlos III: 0.4%

University Pompeu Fabra: 0.4%
University of Castilla La Mancha: 0.2%
University of IE University: 0.2%
University Ramén Llull: 0.2%

Table 1. Descriptive statistics (n= 471)
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4. Empirical analysis

Factor Analysis

First, a factor analysis was conducted to identify the implicit dimensions of the three model components in the
data: abilities, motivation and opportunity. The analysis was based on the main components method of
extraction, resulting later in a varimax rotated solution. Kaiser-Meyer-Olkin and Bartlett’s sphericity tests were
performed in the three factor analyses. The decision regarding the number of factors was based on the screen
test (Cattell, 1966) and on the eigenvalue selection criterion being superior to the unit (Kaiser, 1974). Those
items that did not load adequately on their factor were eliminated, and the test was repeated.

Researcher abilities (Academic Human Capital)

Items Components
1 2 3 4 5

I know how to present and communicate my research 831
findings '
I am able to fluently relate to other researchers 770
I know how to manage research activities (thesis, research 739
projects, etc.) '
I know how to link observations with test results and arrive 203
at conclusions '
I am able to carry out research on my own 675
I am able to adapt to changes within my research context .653
I am able to identify research themes within my research 635
context
I have the necessary training in research methodologies and 732
techniques )
I have the necessary theoretical training to conduct research 723
within my scientific field )
I know the most relevant publications within my scientific 716
field '
I have the required skill to obtain and manage the 677
information necessary for research '
I am a creative researcher 797
I am a researcher who takes initiative 718
I am a resilient researcher .626
I am a researcher with observation skills .522
I am a disciplined researcher .873
I am an organized researcher .838
I am a persevering researcher .687
I am a researcher who accept criticism 817
I am a self-critical researcher 729
I am an altruistic researcher .526
Eigenvalues 7.042 | 2251 ] 1370 | 1.338 | 1.091
Explained variance 3354 | 10.72 6.52 6.37 5.19
Cronbach’s alpha .884
Kaiser-Meyer-Olkin Measure of Sampling Adequacy: .896
Bartlett’s Test of Sphericity:

Approx. Chi-Square: 4010.596

gl: 210

Significance: .000

Table 2. Analysis of the main components (varimax rotation) of researcher
abilities (academic human capital) (n=471)

For the first dimension (academic human capital), five factors were obtained (Table 2). The item “I master the

langnage usnally used in journals/ books and in scientific meetings in my academic field” was eliminated from the analysis
since it loaded insufficiently onto one factor. The first factor consisted of seven items linked to elements
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associated with the implementation of research activity. Among these items are the ability to communicate
research findings, relationship with colleagues and research management. These elements allow a researcher to
carry out his or her research and continue to progress adequately in his or her academic career. For this reason,
we labelled it “Research abilities”. The second factor consisted of four items related to the researchetr’s level of
theoretical training and methodology, his or her ability to find and manage information from publications
relevant to his or her field of knowledge, and knowledge of the scientific publications within the research area.
Consequently, we labelled it “Scientific knowledge’. The third factor consisted of four items related to the
researcher’s creative perception and his or her initiative in carrying out research activity, so we labelled it
“Proactive creativity”. The fourth factor consisted of three items related to constancy, discipline and organization in
the workplace, labelled “Research accuracy”. Finally, the fifth factor consisted of three other items that measured to
what extent the researcher accepts criticism and reviews of his or her work. We labelled this factor “ski// of
accepting criticism’.

Researcher motivation

For the second dimension (motivation), two factors were obtained (Table 3). The item “I research for my own
personal prestige” was eliminated from the analysis since it loaded insufficiently onto one factor. The first factor
consisted of those items related to the researcher’s external aspects, such as promotion ot achievement of
research merits. The second factor consisted of incentives associated with the internal satisfaction of carrying
out research activity. Hence, the first factor was labelled “Extrinsic Motivation”, and the second factor was labelled
“Intrinsic Motivation”.

Components

Item 1 2
I conduct research to obtain research merits .857
I conduct research to obtain financial rewards 754
I conduct research to obtain promotions 741
Research is part of my work .871
I conduct research for my own personal satisfaction .843
Eigenvalue 2.010 1.372
Explained variance 40.19 27.44
Cronbach’s alpha 617
Kaiser-Meyer-Olkin Measure of .599
Sampling Adequacy:
Bartlett’s Test of Sphericity

Approx. Chi-Square: 417.064

gl: 10

Significance: .000

Table 3. Analysis of the main components (varimax rotation) of researcher motivation (n= 471)

Researcher opportunities

The third dimension (opportunity) consisted of eight items grouped into two factors (Table 4). The first factor
includes items that explain the availability of financial and human resources, while the second factor includes
items related to the availability of information resources. Therefore, the first one was labelled “Awvailability of
[financial and human resonrces”, and the second one was labelled ““Availability of information resonrces”.
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Components

Item 1 2
Availability of financial resources 751
Availability of experienced researchers .694
Availability of researchers in training .635
Availability of equipment .578
Availability of technical staff .533
Availability: Database access .760
Availability of software 613
Availability of literature resources .591
Eigenvalue 2.609 1.205
Explained variance 32.616 15.061
Cronbach’s alpha .690
Kaiser-Meyer-Olkin Measure of 741
Sampling Adequacy:
Bartlett’s Test of Sphericity

Approx. Chi-Square: 176.433

gl: 28

Significance: .000

Table 4. Analysis of the main components (varimax rotation) of researcher opportunities (n= 471)

Additionally, we conducted the AMO dimension test using EQS structural equation modelling (Bentler, 1995) as
proof of nomological validity. To test the dimensionality of the academic AMO scale, we first examined the
unidimensionality of each component by assessing the fit indices, parameter validity, and statistical significance
of single-factor confirmatory factor analyses (CFA). For this, we used all the AMO dimensions for the expert
panel and exploratory factor analysis. Our study considered the AMO dimensions as a reflective construct. Table
5 presents the fit indices for each construct (researchers abilities-academic human capital, motivation, and
opportunities). Fit indices were also used to verify the unidimensionality of the three scales because they fell
within the commonly accepted limits. Therefore, each of the AMO dimensions formed a second-order
construct.

Model BBNNFI | CFI IFI RMSEA | GFI | AGFI
Researcher abilities (Academic human capital) .949 955 955 .061 964 .955
Researcher Motivation 918 975 976 .065 998 991
Researcher Opportunities .920 949 951 .068 .982 964

Notes: Bentler-Bonnett Non-Normed Fit index (BBNNFI); Comparative fit index (CFI), Incremental Fit Index
(IFI); the root mean square error of approximation (RMSEA); the goodness of fit index (GFI); the adjusted
goodness of fit index (AGFT).

Table 5. Fit indices for the unidimensional models of researcher abilities (academic human
capital), motivation and opportunities dimensions

Regression analysis
Independent variables:

The five factors associated with researcher’s abilities (academic human capital), the two factors associated with
motivation and the two factors associated with opportunity were all used as independent variables. Table 6 identifies
the correspondence between the hypothesis and factorial analysis. As can be observed in the factorial analysis,
the researcher’s motivation is the same between the theoretical dimension and factorial analysis, considering
extrinsic and intrinsic motivation. However, the researcher’s abilities and opportunities showed some differences.
In the researcher’s abilities, we observed academic human capital, such as the KSA framework, as having three
dimensions, while factorial analysis has been established with five dimensions. Surprisingly, research skills
differed in three different dimensions: proactive creativity, research accuracy and skill of accepting criticism. Likewise, the
knowledge dimension was integrated into a single factor. Similarly, in the opportunity dimension, the availability of
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[financial resources and availability of qualified human resources were integrated into a single factor, and the availability of

physical resonrces and digital resonrces were also integrated into a single factor.

Theoretical Dimensions

Factorial analysis dimensions

Theoretical knowledge Scientific Knowledge
Excplicit knowledge
Scientific skills Proactive creativity
Research accnracy
Skill of accepting criticism
Stcientific abilities Research abilities
Intrinsic Motivation Intrinsic Motivation
Exctrinsic Motivation Exctrinsic Motivation

Availability of financial resources
Availability of qualified human resources

Availability of financial and human resources

Availability of physical resources

Availability of information resources

Availability of digital resonrces

Table 6. Correspondence between theoretical and factorial analysis dimensions

Dependent variables:

Research performance is the dependent variable of the proposed model. From the researcher’s name or ORCID
code, we obtained the H-index of researchers in the Scopus database. The H-index (Hirsch, 2005) is generally
used to measure research impact and quality, as it is not sensitive to the number of published documents, which
happens with impact factor, thereby improving the assessment of a researcher’s general impact (Egghe, 2008).
Since the H-index presents some serious methodology restrictions, mainly related to distribution issues (Iglesias
& Pecharroman, 2007), we opted for to data envelopment analysis (DEA) to define an H-based efficiency
frontier. DEA is a nonparametric linear-programming technique that compares multiple inputs and outputs of
each sample researcher to the reference of optimal researchers (Amara, Rhaiem & Halilem, 2020; Cook, Ramon,
Ruiz, Sirvent & Zhu, 2019). The efficiency measure is equivalent to the radial distance from the optimal frontier
production (Papadimitriou & Johnes, 2018; Sagarra, Molinero & Agasisti, 2017). This frontier is obtained
through the scores of each output category that is produced by the most efficient sample researcher (Kumar &
Thakur, 2019). In this study, we constructed this indicator based on the H-index, considering this measurement
relative to a researcher’s number of active years. This measure therefore makes it possible to compare researchers
at different categories in their academic careers in comparison with other absolute indicators, such as the H
index or productivity itself. This means that the DEA is more suitable as a dependent variable.

Control variables:

In line with similar studies, we decided to use length of academic career as a control variable to reduce the
potential omitted bias variables in the empirical analysis (Leahey, Beckman & Stanko, 2017; Biker, 2015).

Results

With the purpose of contrasting the proposed hypotheses, four regression models have been developed using
SPSS (version 21). Table 7 presents the correlation matrix of those vatiables used in the models together with
their descriptive statistics. Table 8 presents the regression model results. Models 1 and 2 include the effect of the
control variable and the researcher’s human capital variable on individual scientific performance. The direct
effects in Model 2 confirm that human capital has a positive and significant influence on individual scientific
performance. More specifically, our results indicate that research abilities (p < 0.01) and sczentific knowledge (p < 0.05)
affect scientific performance. Our results do not indicate that research accuracy (p > 0.10) and skill of accepting
eriticism (p > 0.10) have a direct effect on individual scientific performance. However, the test results indicate
certain negative and significant relationships between proactive creativity and individual scientific performance (p <
0.10). This result confirms Hypotheses 1a, 1b and 1d but rejects Hypothesis 1c.
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Models 3 and 4 incorporate the moderating effects as defined in the model: motivation (model 3) and
opportunity (model 4). As indicated by the results (model 3), extrinsic motivation moderated the linkage between
research abilities (p<<0.01) and research knowledge (p<<0.01) with individual scientific performance. In the case of
intrinsic motivation, the moderation effects impact research abilities (p<<0.05) is negative. While this moderation
relation between intrinsic motivation and proactive creativity (p<0.01), research accnracy (p<0.01) and skill of accepting
eriticism (p<0.01) is positive. A significant change in R* (0.411), after the interaction variable was added to the
model, substantiates the moderating effect (refer to model 3). Consequently, hypotheses 2a and 2b could be
partially accepted. In accordance with H3, the researcher’s opportunity moderated the linkage between academic
human capital-researcher abilities and scientific performance. In this case, the moderating effect of availability of
economic and human resources occurred for research abilities (p < 0.01), scientific knowledge (p < 0.01) and research
acenracy (p < 0.10). The moderating effect of availability of information resources arose for only two human
capital dimensions: research abilities (p < 0.01) and skill of accepting criticism (p < 0.01). As indicated, a relative
change in R* (0.108), after the interaction variable was added to the model, explains the moderating effect (refer
to model 4). These findings partially confirm Hypotheses 3a, 3b, 3c, and 3d.

Variable M DT 1 2 3 4 5 6 7 8 9 10 11

Research
abilities

Scientific
2 knowledge 0 1 .000 1

3 Proa‘ctl-ve 0 1 .000 .000 1
creativity

4 Research 0 1 000 .000 .000 1

accuracy

Skill of
5 | accepting 0 1 .000 .000 .000 .000 1
criticism

g | Dxtrinsic 0 1 ~005 | -019 | -054 | .064 | -006 1

motivation

7 | Intrinsic 0 1 314rk | 2250 | 340%F | -.039 | -.066 | .000 1

motivation

Availability
of human
8 | and 0 1 .044 .040 .000 -.075 | .011 .037 .090 1
financial
resources

Availability
9 of 0 1 -.025 .036 120% .045 .086 072 .027 .000 1

information
resources

10 | DEA 420 39 | 299+ 101* -.069 .001 | -.018 -077 .069 22366 121F 1

Length of
11 | academic 4.459 | .900 .098* 133k .032 .082 .013 S 131k .017 -.027 .071 A25% |1
career

Table 7. Descriptive statistics and correlations
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Variables Model 1 Model 2 Model 3 Model 4
Constant 337k .358%* 387+ .353%¢
onsta (034) (034) (.026) (029)
Length of academic career D15 011 V04 L1+
8t (.007) (.007) (.0006) (.007)
. .052%* 059%* .052%*
Research abilities (005) (005) (005)
Lo 0.19* .014* 018*
Scientific knowledge (008) (007) (007)
Proactive creativity -015+ 002 -016
ctive creativity (007) (.005) (007)
Research accuracy .001 .001 .000
1 accuracy (.008) (.005) (007)
Skill of accepting criticism ~003 Lol ~007
¢ ceepting eritie (.009) (004) (.009)
Extrinsic motivation x Research abilit 347
xtrinsic motivation x Research abilities (005)
Extrinsic motivation x Scientific knowled g
xtrinsic motivation x Scientific knowledge (009)
o _ . . -.001
Extrinsic motivation x Proactive creativity (.005)
o i -.001
Extrinsic motivation x Research accuracy (.005)
Extrinsic motivation x Skill of accepting criticism (0%06;)
Intrinsic motivation x Research abilities ~009%
’ v (.004)
. o _ -.003
Intrinsic motivation x Scientific knowledge (004)
Intrinsic motivation x Proactive creativity Sacl
) ’ (.004)
Intrinsic motivation x Research accuracy D37
v uracy (004)
Intrinsic motivation x Skill of accepting criticism 04
ntrinsic motivation x of accepting criticis (004)
Hox
Availability of economic and human resources x Research abilities ?%%7>
=
Availability of economic and human resources x Scientific knowledge ((]?6(69)
Availability of economic and human resources x Proactive creativity ( 0%%(;
+
Availability of economic and human resources x Research accuracy (Oég&
Awailability of economic and human resources x Skill of accepting 011
criticism (.007)
=
Availability of information resources x Research abilities ((]%JZ)S)
Availability of information resources x Scientific knowledge ( 00007;
Availability of information resources x Proactive creativity (_00006?
Awailability of information resources x Research accuracy ( 0%16())
=
Awailability of information resources x Skill of accepting criticism ((%%)7)
Model F 4.222 * 27.261%* 48.202%* 11.356**
Model R .015 183 .594 291
Increase R* - 168 A11 .108

Notes: n=471.: Dependent variable: DEA

The table presents the non-standardized beta coefficients, the standardized errors clustered are found between brackets, and the change in R’

indicates the comparison with the previous model.
+ p <.10; * p<.05; **p <.01

Table 8. Linear regression model results
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Discussion

The literature considers that human capital has a positive and significant influence on individual performance.
Studies such McNie et al. (2016) argue that both “hard skills” and “soft skills” are necessary for research
performance. Hard skills are those capabilities that allow an individual to formulate hypotheses, develop research
protocols, undertake research, and publish articles. On the other hand, soft skills are the capabilities of academic
researchers that focus on behaviour and relationships. Therefore, we would consider research abilities and scientific
knowledge as “hard skills” and regard proactive creativity, research accuracy and skill of accepting criticism as “soft skills”. In
fact, our data suggest that scientific knowledge and research abilities are the essence of academic human capital, as
described by studies such Bozeman et al. (2001) and Durette et al. (2016). In addition, our results do not show
that research accuracy and skill of accepting criticism had a direct effect on individual scientific performance. However,
the test results indicate certain negative and significant relationships between proactive creativity and individual
scientific performance. These findings are partially unexpected because theoretically, all human capital factors
should contribute significantly and positively to individual scientific performance. One possible explanation is
that researchers have very innovative and creative proposals that hinder publication in scientific journals, hence
undermining performance. This relationship needs to be investigated further to confirm its existence as well as
significance.

Similarly, we have shown that the explanatory model improves when it includes the researcher’s motivation and
opportunity as moderating variables. In view of the results, we can confirm that researcher motivation
contributes as a moderating variable rather than the researcher opportunity dimensions (R* = 0.411 vs R* =
0.108). According to our model in relation to the researcher’s motivation, individual scientific performance is a
product of an interaction between the researcher’s intrinsic and extrinsic motivation and his or her abilities
(academic human capital), as indicated in studies such as Janger and Nowotny (2016). Our results seem to
indicate that extrinsic motivation encourages “hard skills” (research abilities and scientific knowledge), while intrinsic
motivation stimulates “soft skills” (proactive creativity, research accnracy and skill of accepting criticism). Specifically,
improvement in contractual conditions and financial rewards relevant to extrinsic motivation increases the effect
of research ability and scientific knowledge on individual scientific performance. On the other hand, insrinsic motivation
strengthens the effect of research skills (proactive creativity, research accuracy and skill of accepting criticism) on individual
scientific performance. However, the moderation effect of zntrinsic motivation between research abilities on individual
scientific performance is negative. One reason could be the sample chosen, which included only individuals with
permanent positions. The results indicate that academic researchers have adequate research abilities, and they do
not particularly benefit from being intrinsically motivated to perform research. Therefore, further study is
necessary to confirm these findings. In short, we can confirm that academic researchers have the same intrinsic
and extrinsic motivations as other employees in different organizations.

In relation to researcher opportunities, our tresults support the proposals of other studies, such as Van der
Weijden, de Gilderb, Groenewegenb and Klasenc (2008) and Sutherland (2017). As expected, universities
providing economic and human resources reinforce the relationships between their researchers” abilities
(academic human capital) and scientific performance. More specifically, the availability of economic and human
resonrces enhances the effect of “hard skills™ (research abilities and scientific fnowledge) and one of the dimensions of
“soft skills” (research accuracy). The same effect is not supported for the availability of information except for one
dimension of “hard skill” (research abilities) and the last dimension of “soft skills” (s&#// of accepting criticism). One
reason for this result could be, as previously stated, the sample used. Economic and human resources allow
academic researchers to continue acquiring knowledge, abilities and greater discipline to achieve higher scientific
performance. In the case of information resources, the results seem to indicate that they are not very necessary
to publish for academic researchers who have obtained a tenured position. Information resources enable
researchers to accept criticism as they observe the research of their peers.

5. Conclusions

The aim of this study was to identify the factors that determine individual academics’ scientific performance.
From a theoretical perspective, we looked to examine the applicability of the AMO model in an academic
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context. We applied this model to explore how motivation and opportunity affect researchers’ abilities (their
academic human capital). Although several studies indicate that AMO theory is an appropriate framework for
explaining individual performance (Bos-Nehles et al., 2013), few have considered the research academic context.
Nevertheless, the dimensions proposed by AMO theory have helped identify the specific factors that have a
significant impact on individual scientific performance. We therefore offer a novel model, based on the AMO
framework, that explains whether research abilities improve in the presence of different types of research
motivations and opportunities. In a mixed methodology study, our proposed hypotheses were widely supported.
Theoretically, the reported research contributed toward the existing breadth of knowledge on the factors that
influence academic researchers in terms of their abilities, motivations, and opportunities in their field. We believe
that our focus on motivation and opportunity for research can be used to explain performance improvements in
a given individual researchet’s abilities.

More specifically, these research findings contribute to the literature in several different ways. First, the proposed
model, based on AMO theory, has helped thoroughly explain the relationship between the prescribed dimensions
and individual scientific performance. AMO theory offers a better understanding of this phenomenon and of
the interrelationships between researchers’ abilities (academic human capital), motivation, and opportunities. It is
worth noting that, despite the evident contextual differences, researchers seem to respond to concerns in ways
that are similar to workers in different organizational contexts (Szulc, Davies, Tomczak & McGregor, 2021; Szulc
& Smith, 2021). Academic reseatrchers, like other workers, develop a series of abilities and motivations that allow
them to achieve certain returns in their jobs. Likewise, the opportunities offered by their organizations and
environments allow them to make improvements, as shown in this study. Additionally, our study contributes to
identifying specific variables within the academic context: five that are academic human capital-based (research
abilities, scientific knowledge, proactive creativity, research accuracy, and skill of accepting criticism), two that are research
motivation-based (extrinsic and intrinsic motivation) and that are two research opportunity-based (availability of
economic and human resonrces and availability of information resources). These elements are essential for the successful
academic activity of university researchers. The different research units (universities, research groups, and
researchers) can utilize these attributes in order to encourage research activity. In complex jobs like conducting
research, a comprehensive list of AMO attributes could be especially useful in analysing one’s position in order
to clarify what is needed to successfully perform. Secondly, the tests indicated that researchers’ abilities (academic
human capital) have a positive influence on individual scientific performance. The positive influence of human
capital on research activity implies that researchers must acquire, maintain, and develop a set of specific
competencies to appropriately carry out research activity; these results, as expected, are consistent with the
academic human capital literature (Bozeman et al., 2001). Surprisingly, our results reflect a certain negative
relationship between proactive creativity and performance, perhaps because the research process and lines of
research groups somewhat limit the “gaps” in the different research topics or innovative proposals that are
generally not sought after in scientific journals. According to our results, academic researchers have both an
extrinsic motivation that encourages hard skills (research abilities and scientific knowledge), and an intrinsic motivation
that stimulates soft skills (proactive creativity, research accuracy, and skill of accepting criticism). This study therefore
supports previous conclusions in the literature regarding the connection between intrinsic and extrinsic
researcher motivation in the academic context (Janger & Nowotny, 2016; Wollersheim et al., 2015). In fact, the
theoretical discussion describes a two-way relationship between these two motivation dimensions on scientific
performance (Peng & Gao, 2019). Additionally, researchers’ opportunities are particularly relevant in the
academic context. Although opportunities for researchers to engage in scientific activity have been explored
previously, this study highlights the necessity of going beyond description by employing inferential statistics to
examine the relationships between research abilities and scientific performance; our participants exhibited a
greater availability of economic and human resources than of information resources. According to our results,
economic and human resources must be available to support researchers’ “hard skills” (research abilities and scientific
knowledge) and certain one dimension of “soft skills” (research accuracy). However, our data indicated the availability
of information resources in terms of only one dimension of “hard skills” (research abilities) and the last dimension
of “soft skills” (skill of accepting criticism). Therefore, we can conclude that researchers’ motivation and
opportunities stimulate their ability to achieve greater scientific performance.
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From a practical perspective, this study has a number of implications that may be relevant for university
managers and Pls who strive to advance the quality and effectiveness of academic human capital (researchers’
abilities), foster researchers’ motivation, and offer the opportunities required for conducting research. The
conceptual model presented here can help universities develop a comprehensive approach to abilities,
motivation, and opportunity enhancement practices tailored to the specific needs of researchers in the given
workplace. More specifically, adequate policies for hiring new academic researchers, training, researcher
evaluations, and academic rewards (Thunnissen & Van Arensbergen, 2015; Ayaita, Pull, Backes-Gellner, 2019)
could impact the development of researchers’ abilities and motivation. Thus, university managers must promote
adequate human resource management policies that improve the ability and motivation of academic researchers;
these are both directly and indirectly related to research performance, suggesting that universities retain and
generate high levels of performance of researchers focusing on the potential relationships that drive them. Also,
universities who provide researchers with the necessary resources (financial, human, and information), are likely
to enable them to improve their research performance. Since research collaborations are commonly positively
associated with development and performance outcomes (Lee and Bozeman, 2005), cooperation between new
researchers and support staff can both facilitate the creation of new research abilities and provide a more holistic
view of job satisfaction, for example. A second practical implication of the AMO framework can be seen in its
usefulness as an external reporting tool. The AMO framework could be utilized at the university level to better
allocate resources and foster academic motivation. University leaders could therefore use this study to develop
ability-motivation-and opportunity enhancing strategies and methods to help researchers improve individual
scientific performance; Andreeva and Sergeeva (2016) and Beltran-Martin and Bou-Llusar (2018) showed
examples of this in the organizational context.

Limitations and directions for future research

Our study has a number of limitations that offer potential directions for future research. First, the analysis of the
complex relationships between the examined factors requires a longitudinal investigation in order to correctly
identify the dynamics existing between the different elements of the model. Moreover, the findings suggest that
the results may be affected by specific characteristics within a given field of study. Further analyses should be
performed to study which characteristics of a field are the most relevant, as they may eventually influence the
results. Secondly, we need to acknowledge the sample’s national character; this study should be replicated at an
international level considering the differences in each AMO variable that might be affected by contextual
variables. Finally, another limitation of the study could be mitigated by separating the results according to
university regional context, field of study, or academic rank; these results could illuminate differences between
these variables, primarily in terms of the availability of resources.
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Appendix

Variables 1 2 3 4 5 6 7 8 9 10
1 | Research abilities 1 2022 | 022 | 022 | -022 | 028 | .299%% | 022 | -048 | .283%*
2 | Scientific knowledge .000 1 022 | 022 | -022 | 042 | 208% | 018 014 | 081
3 | Proactive creativity .000 000 1 022 | 022 | -078 | 3250 | -022 | .100% | -.093
4 | Research accuracy .000 000 .000 1 022 | 043 | -062 | -099 | 024 | -021
5 | Skill of accepting criticism | .000 000 000 | .000 1 S029 | -090 | -011 | .065 | -.041
6 Extrinsic motivation -.005 -.019 -.054 .064 -.006 1 -.022 .015 .051 -.101
7 Intrinsic motivation 3148 225%% .340%* -.039 -.066 .000 1 -.115 .005 .048
g | Availability of humanand ), 040 000 | -075 | 011 037 090 1 022 | 206%*
financial resources
g | Availability of information |, 036 | 120% | 045 | 086 072 027 .000 1 101*
resources
10 | DEA 209+ | 101% | -069 | .001 | -018 | -077 | .069 | 223 | .121% 1
Marker Variable SA13% | 146%F | 044 | -060 | -054 | 029 | 101 | -107% | .022 | -086

Table 9. Correlations and correlations adjusted for potential common method bias
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