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ABSTRACT

This study focuses on the perceived gap between the required and actual level of digital research skills (DRS)
of students entering tertiary science education. By combining existing frameworks for research skills and
digital literacy skills, a guiding framework of DRS was constructed. The DRS framework incorporates seven
categories and is evaluated using an exploratory qualitative study employing semi-structured interviews with
university teachers (IN = 15). The level of DRS at the start of university science education and university
teachers’ perceptions of first-year students’ level of DRS have been investigated. The results show that the
skills of writing a research paper using digital tools, using proper resources, and analysing, transforming, and
visualising data were generally found to be wanting.

Keywords: research skills, digital literacy skills, secondary science education, university teachers’
perceptions, digital research skills

INTRODUCTION

In preparing students for academic education in STEM subjects, secondary education has the goal of providing
a certain initial level of academic skills. Apart from the obvious STEM domain content, these skills include, among
others, research skills (RS) and digital literacy skills (DLS). To give just one example, one of the most important
research skills for STEM students is constructing a graph out of a dataset. A recent study in science education
shows that pre-university physics students are generally able to construct suitable graphs on paper, 67% of which
meet all scientific conventions (Pols et al., 2021). However, when students are confronted with constructing similar
graphs by digital means, the results are insufficient (Sadikin et al., 2021).

First-year university students are confronted with an environment that often draws upon RS and DLS, and
there have been consistent reports that they are lacking the necessary skills. To mention a few examples, Julien and
Barker (2009) noticed that students are unaware of how search engines identify potentially relevant sources.
Hyytinen et al. (2017) found that many beginning students in higher education still struggled with how to use their
sources. Wollscheid’s (2021) data show a lack of adequate scientific writing skills among starting students. First-
year university students also have been reported to have difficulties related to adapting, interpreting and evaluating
outcomes during data processing and working with statistics (Oakleaf and Owen, 2010). Akuegwu and Uche (2019)
found that reading, presentation, communication and information-gathering skills of freshman STEM students
were adequate, whereas especially data analysis was found wanting.

Other research confirmed this problematic level of skills such as information-secking and using ICT among
students in secondary education (Julien and Barker, 2009; Meelissen et al., 2014; Smith et al., 2013; Walraven et al.,
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2008). In the past decades several authors advocated integration of DLS in undergraduate and secondary education
(Pratolo and Solikhati, 2021; Voogt et al., 2013; Udeogalanya, 2022).

In many countries, the learning objectives for secondary education are prescribed in terms of the subject aims,
core knowledge and skill areas. However, even when secondary education syllabi do give some guidelines on the
development of RS and DLS, concrete demands concerning the level of these skills are often lacking (Maddens et
al., 2021; Thijs et al., 2014; Voogt et al., 2013). These levels are therefore not easily measured or assessed. As a
consequence of this situation, several university science programs offer compulsory modules for first-year students,
teaching them RS and DLS (Curtis et al., 2017). It is recently found that students’ digital literacy positively affects
learning outcomes in science subjects (Akhyar et al., 2021; Latip et al., 2022)

Despite the importance of DLS and RS for academic success (Briggs et al., 2012; Hurwitz and Schmitt, 2020,
Oostdam et al., 2007), only a few scientific studies have addressed the development of these skills in secondary
education and the way this affects the ensuing transition to science undergraduate education. Most studies in this
field have focused on students’ characteristics (Maddens et al., 2021; Smith and White, 2015), general transition
factors (Leese, 2010), teaching and testing approaches (Mumba et al., 2002) or a mismatch of STEM syllabi (De
Meester et al., 2020).

In this study we synthesized a framework for the combination of DLS and RS, which we label Digital Research
Skills (DRS). The main aim of this study is to evaluate how proficient science university teachers judge their starting
students to be in DRS. The following research question will be addressed: For which digital research skills (DRS)
do university teachers perceive a gap between the final level of secondary education and the required entry level
for science studies?

The two sub-questions are:

1. Which DRS do university teachers consider important for starting science students?
2. What are university teachers’ perceptions about starting science students’ level of DRS?

In the next section, we describe a framework for DRS based on existing RS and DLS frameworks. To answer
the sub-questions, we then use this DRS framework as a basis for interviewing university teachers on their
perceptions about the level of DRS among first-year science students.

THEORETICAL FRAMEWORK

In this section we aim to combine existing frameworks for RS and DLS into a framework that covers DRS.

Existing Frameworks for RS

Fischer et. al, defined research skills (RS) as a set of “skills and abilities to understand how scientific knowledge
is generated in different scientific disciplines, to evaluate the validity of science-related claims, to assess the
relevance of new scientific concepts, methods, and findings, and to generate new knowledge using these concepts
and methods” (Fischer et al., 2014: 29). Significant consensus on RS is found in literature, resulting in the
introduction of several similar frameworks for RS. For example, for upper secondary education, Fischer et al.
(2014) and Opitz (2017) deconstruct research skills into eight scientific activities in which students have to be able
to engage, from problem identification, to drawing conclusions and communicating. Similarly, Stokking et al.
(2004) mapped secondary school examination requirements to RS in 10 steps. The inquiry-based learning
framework developed by Pedaste et al. (2015) is another example of such an approach. Furthermore, different
versions of the Research Skills Development (RSD) framework (Willison and O’Regan, 2007) have been developed
for students in higher education (van Laar et al., 2017) and undergraduate students (Willison and Buisman-Pijlman,
2016). This RSD framework (not to be confused with our acronym DRS for digital research skills) aims to
conceptualise research skills using levels of autonomy and identifies six research skills.

In the present study, the latter framework presented by Willison (2018) is adopted, because: (1) it covers most
of what has been mentioned in the other frameworks for RS; (2) it is comprehensive, (3) quite recent, and
(4) suitable for the target group.

A comparison of this RSD framework with the other known RS frameworks is given in Table 1.
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Table 1. Research skills, steps or stages described in literature compared with the RSD framework of Willison

Research skill General description Similar skill(s) in research stages or steps described in

(Willison, 2018; Willison — (Willison, 2018, p. 2; Willison and the literature

and Buisman-Pijlman, Buisman-Pijlman, 2016, p. 66;

2016; Willison and Willison and O’Regan, 2007, pp.

O’Regan, 2007) 402-403)

Embark and clarify Students respond to or initiate 1. Recognise the problem. 2. Identify and define the
direction, clarify and consider problem. 3. Formulate a problem hypothesis, deduce
ethical, cultural, social and team  consequences and define basic terms and variables. (Allison
(ECST) issues. etal, 2016, p. 17,18)

1. Problem identification, 2. Questioning, 3. Hypothesis
generation. (Fischer et al., 2014, pp. 33-35; Maddens et al.,
2021, p. 494; Opitz et al., 2017, p. 79)

1. Identify and formulate a problem using subject-specific
concepts. 2. Formulate the research question(s), hypotheses
and expectations (if any). (Stokking et al., 2004, p. 99)
1.Questioning. 2. Hypothesis generation. (Pedaste et al.,

2015, p. 54)
Find and generate Students find information and 6. Conduct experiment. (Allison et al., 2016, p. 18)
generate data/ideas using 5. Evidence generation. (Fischer et al., 2014, pp. 33-35;
appropriate methodology. Maddens et al., 2021, p. 494; Opitz et al,, 2017, p. 79)

4. Gather and select information/data. 5. Assess the value
and utility of the data. (Stokking et al., 2004, p. 99)
4. Experimentation. (Pedaste et al., 2015, p. 54)

Evaluate and reflect Students determine the credibility 4. Select experimental variables. (Allison et al., 2016, p. 18)
of sources, information, data and 4. Construction and redesign of artefacts. 6. Evidence
ideas, and make their own evaluation. (Fischer et al., 2014, pp. 33-35; Maddens et al.,
research processes visible. 2021, p. 494; Opitz et al,, 2017, p. 79)

8. Evaluate the research. (Stokking et al., 2004, p. 99)
7. Reflection. (Pedaste et al., 2015, p. 54)

Organise and manage Students organise information 5. Construct experimental plan. 7. Reduce raw data to allow
and data to reveal examination of effect thought to exist. (Allison et al., 2016, p.
patterns/themes, managing teams 18)
and processes. 3. Make and monitor the research plan: research design and

time schedule. (Stokking et al., 2004, p. 99)
3. Exploration (Pedaste et al., 2015, p. 54)
Analyse and synthesise Students analyse 8. Test for significance. (Allison et al., 2016, p. 18)

information/data critically and 7. Drawing conclusions. (Fischer et al., 2014, pp. 33-35;
synthesise new knowledge to Maddens et al., 2021, p. 494; Opitz et al., 2017, p. 79)
produce coherent 6. Analyse the data. 7. Draw conclusions. (Stokking et al.,
individual/team understandings. 2004, p. 99)

5. Data interpretation (Pedaste et al., 2015, p. 54)

Communicate and apply ~ Students apply their 8. Communicating and scrutinising. (Fischer et al., 2014, pp.
understanding and discuss, listen, 33-35; Maddens et al., 2021, p. 494; Opitz et al., 2017, p. 79)
write, petform, respond to 9. Develop and substantiate a personal point of view. 10.

feedback and present processes, Report (describe) and present (communicate) the research.
knowledge and implications of  (Stokking et al., 2004, p. 99)
research. 6. Communication (Pedaste et al., 2015, p. 54)

A Framework for DRS

In contrast to the consensus on RS, there appears to be no consensus about what exactly the concept of digital
literacy in education entails (Pangrazio et al., 2020). The different definitions of digital literacy (scientific and
reference frameworks) mainly address skills and knowledge (Voogt et al., 2019). In order to work towards a
framework for both RS and DLS, we have studied publications on DLS from the past ten years that were related
to or assessed in secondary education.

We considered six frameworks for digital literacy in the 21st century aimed specifically at students over 12:
learning literacies for the digital age (LLiIDA) with a broad audience, described by Beetham et al. (2009); the Digital
Competence Assessment (DCA) by Calvani et al. (2008, 2010), the international computer and information literacy
study (ICILS) by Fraillon et al. (2013, 2014, 2020), digital literacy (DL), by Eshet-Alkalai (2012, 2002; Eshet-Alkalai
and Chajut, 2009); the European digital competence framework for citizens (DigComp) by Carretero et al. (2017),
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Ferrari (2013) and Vuorikari et al. (2016, 2019); and the technology & engineering literacy framework (TEL) by
the National Assessment Governing Board (2018).

In Table 2, we have compared these frameworks for DLS with the RSD framework presented by Willison
(2018). The third column in Table 2 gives the corresponding categories of our DRS framework. The ability to
browse, search, filter and use advanced search methods for various purposes from DLS overlaps with RSD skill 1
‘embark and clarify’ in Table 1. We therefore defined the combination of these research and digital literacy skills
as ‘browse, search and filter information’, the first digital research skills (DRS) category in the third column of
Table 2.

DLS such as accessing and selecting information, the ability to construct knowledge and use digital resources
are connected to research skill 2 ‘find and generate’ of the RSD framework. This combination forms the second
DRS category: ‘gather, measure and collect digital content/data’ in Table 2.

The ability to evaluate information for timeliness and accuracy, and developing strategies to check the credibility
of sources overlaps with skill 3 ‘evaluate and reflect’ of the RSD framework. In a similar way, category 4 ‘structure,
manage and protect digital content/data’ and category 5 ‘analyse, transform and visualise content/data digitally’
found their way in Table 2.

Table 2. Matching of research skills and digital literacy skills to identify corresponding digital research skills (DRS)

. .. T OPU Corresponding
Research skill (RSD) Similar digital literacy skills in other frameworks digital research skill
1. Embark and clarify * Browse, search and filter data, information and digital content Browse, search and
(DigComp) filter information

* Use advanced search techniques with digital and network tools and
media resources (TEL)

2. Find and generate * Access information (ICILS) Gather, measure and
* The ability to construct knowledge by nonlinear navigation (DI)  collect digital
* Select digital and network tools and media resources (TEL) content/data
* Use digital tools and resources (TEL)
3. Evaluate and reflect * Evaluate information (ICILS, DigComp) Determine the
¢ The ability to consume information critically and sort out false and accuracy and validity
biased information (DL) of sources/methods

* Search media and digital resources on a community or world issue
and evaluate the timeliness and accuracy of the information (TEL)

* Evaluate the credibility of the source (TEL)

* Justify choices based on the tools’ efficiency and effectiveness for a
given purpose (TEL)

4. Organise and manage * Manage information and digital content (ICILS, DigComp) Structure, manage and
* Safety, privacy and security (ICILS, DigComp, TEL) protect digital
* Netiquette, copyright and licenses (DigComp) content/data

* Knowledge about many different ICT tools (TEL)
* Responsible and ethical behaviour (TEL)

5. Analyse and synthesise * Transform and create information (ICILS) Analyse, transform
* Integrate and re-elaborate digital content (DigComp) and visualise
* Creatively use digital technology (DigComp) content/data digitally

* The ability to process and evaluate large volumes of information in
real time (DL)

* Use digital tools to collect, analyse, and display data in order to
design and conduct complicated investigations (TEL)

* Conduct a simulation of a system using a digital model (TEL)

6. Communicate and apply ¢ Develop digital content (DigComp) Write a research paper
* Manipulate pre-existing digital texts and formats (DL) using digital tools
* The ability to create authentic, meaningful written and artwork
(DL

* Explain rationale for the design and justify conclusions based on
observed patterns in the data (TEL)
7. Communicate and apply ¢ Share and interact with information through digital technologies ~ Share and present
(ICILS, DigComp) content/data
* Develop digital content (DigComp)

* The ability to communicate effectively in online communication
platforms (DL)
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Skill 6 ‘communication and apply’ of the original RSD framework is defined as “Discuss, listen, write, present
and perform the processes, understandings and applications of the research...” (Willison and Buisman-Pijlman,
2016: 67). Research projects in secondary education, however, often entail writing a report as well as giving a
presentation. For the purpose of this study RSD skill 6 was therefore subdivided into two DRS categories: “Write
a research paper using digital tools” (category 6) and ‘Shatre and present content/data’ (category 7).

METHOD

In order the answer the sub-questions, we conducted an exploratory qualitative study to clarify what DRS are
required at the start of higher science education in the Netherlands.

Context

To start academic STEM studies in the Netherlands, only a valid pre-university diploma with one or more
compulsory subjects such as chemistry and physics is required. No further specification or prior knowledge in the
tield of RS and DLS is required to obtain this diploma. The required entrance level of these skills is also unspecified
at many Dutch universities.

Every secondary education subject has a nationally-established syllabus which contains a description of learning
goals. In the syllabi for physics and chemistry, DRS are mentioned three times in the domain of ‘skills’.

A8.1: Acquiring and selecting information from written, oral and audio-visual sources, partly with the
help of ICT:

e Extract data from graphs, tables, drawings, simulations, schemes and diagrams;

e Look up quantities, units, symbols, formulas and data in suitable tables. (CvTE, 2021a: 13, 2021b: 9)
A8.2: Analysing, displaying and structuring information, data and measurement results in graphs,
drawings, diagrams, diagrams and tables, partly with the help of ICT. (CvTE, 2021a: 13, 2021b: 9)
A11.2: Using the computer to model and visualize phenomena and processes, and to process data.
(CvTE, 2021a: 15)

Only the third specification, which relates only to pre-university physics, requires that the required skills must
be fully performed on the computer. The syllabus for mathematics states that pre-university students are able to
use ICT for, among other things, modelling, algebraizing and investigating geometric properties of objects.
However, ICT refers here to a rudimentary graphic calculator (CvTE, 2021c: 6).

Participants

This qualitative study was based on semi-structured interviews with 15 academic science teachers (T'able 3),
selected based on the following criteria: they teach first-year chemistry and/or physics students and/or supervise
or teach these students when the students are doing a research project. Out of a total of 30 candidates approached,
15 responded. Participants provided written informed consent, which was repeated orally at the start of the
interview. The academics were men and women in different age categories (30-67 year) from eight comprehensive
and two technical universities in the Netherlands.

Table 3. Pseudonymized name and function of interviewees (IN = 15)

Function Pseudonymized name
1 Coordinator and lecturer Physics practical Ed
2 Full professor, program director and lecturer Chemical Science and Engineering  Ethan
3 Lecturer Physics practical Dean
4 Cootdinator and Lecturer Physics practical Kevin
5  Supervisor Educational Chemistry Esther
6 Lecturer academic skills Technical Natural Sciences Emmy
7 Lecturer Science Education and Communication Alycia
8  Lecturer Molecular Life Sciences Noah
9  Lecturer academic skills Pharmacy Nadir
10 Lecturer Introduction Scientific Research Aimee
11 Full professor, program director and lecturer in Life, Science and Technology Simon
12 Lecturer Chemistry Practical Rachid
13 TFull professor and lecturer of Mechanical Engineering Kyano
14 Program director and associate professor of Engineering Physics Nigel
15 Coordinator and lecturer Chemistry practical Michael
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Procedure

All interviews were conducted and recorded in an online platform. In order to determine academics’ views on
DRS, the interview consisted of six basic questions.

1. In which course or courses are you involved and what is your role in this?

2. Can you name some DRS that you think first-year students should be able to apply while conducting

research?

3. To what extent are you satisfied with the degree to which students have mastered the DRS?

4. 1If you were allowed to include one thing in secondary education in the field of DRS, what would you like

to add to the program in pre-university education?

The interview ended with two closed-ended questions.

5. How satisfied are you with the degree to which first-year students apply digital skills in applications such as

Word, Excel, PowerPoint? Can you grade this from 1 to 10, where 1 = least and 10 = most?

6. How important do you think it is that first-year students have mastered digital skills in applications? Can

you grade this from 1 to 10, where 1 = least and 10 = most?

During the first part of the interview follow-up questions were used, such as: Can you give an example? How
should they be able to do this? Does this apply to most students? The participants were not introduced to our
DRS framework before the interview, in order to leave the approach of the subject entirely to the interviewee. No
questions were framed around specific DRS. Note that question 5 addresses no specific science applications, such
as Python, Origin, or LateX. Only the basic applications that all students in secondary education are likely to
encounter have been included in the questions. All questions were presented in Dutch. The quotes have been
translated into English.

Data Analysis

All recordings were transcribed and pseudonymised. Potentially interesting quotes from the participants were
selected and coded using the categories in the DRS framework in Table 2. The DRS framework outlined in
Table 2 above has been employed as an axial coding scheme. Similar self-contained quotes were grouped together
per category in the framework. Each quote was also coded as reflecting either a positive or negative perception by
the interviewee. We organized the data in a bar chart, indicating the number of quotes per category and subdividing
the bars to include positive and negative quotes. Duplicate coding was done on 50 of the 223 quotes; Cohen’s
kappa was found to be 0.88 for determining whether a quote was positive or negative and 0.81 for assigning the
codes to the seven categories of the DRS framework, indicating good to near-perfect interrater reliability for both
coding processes.

Quantitative data were obtained from the last two interview questions. The scales on the interviewees’ ratings
of importance or satisfaction with the degree to which their students have mastered digital skills in applications
such as Word, Excel, and PowerPoint were averaged and organized in a diagram.

RESULTS

This section outlines the main findings of the interviews.

Important Digital Research Skills

Following transcription and coding, 223 quotes with examples in the field of DRS were identified. The quotes
were coded according to the framework in Table 2. Table 4 gives some examples for each category of the DRS
framework.

The most frequently mentioned examples (76) belong to category 6: writing a research paper using digital tools;
60 quotes concern category 5: analysing, transforming and visualising content/data digitally; 41 quotes concern
category 2: gathering, measuring and collecting digital content/data; 21 quotes concern category 1: Browse, search
and filter information and 14 quotes concern category 7: Share and present content/data. Categoties 3 (7 quotes)
and 4 (4 quotes) were least mentioned. Eight quotes contain examples in more than one category.

Quotes with examples such as being able to use search engines, assessing and selecting sources for reliability
and transform data into a graph were mentioned by 13 of the 15 interviewees. Examples associated with writing a
research paper were mentioned by all interviewees, included details such as using calculating functions, a functional
type of chart with correct labelling of axes, display of measurement points and use of a caption.
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Table 4. Examples of skills related to proposed DRS categories mentioned by interviewees (IN = 15)

DRS categories Examples mentioned by interviewees*
1. Browse, search and filter o Using search engines and databases (n = 4)
information * Filtering information (n = 4)
* Using advanced search techniques by combining keywords with operators (n = 3)
2. Gather, measure and * Maintaining a resource list and refer to sources (n = 8)

collect digital content/data e Selecting scientific literature (n = 5)
* Knowledge and use of digital/online environments to (automatically) acquite data (n = 2)
* Avoiding plagiatism using quoting and paraphrasing (n = 1)

3. Determine the accuracy ~ » Comparing and assessing digital sources/information (n = 2)

and validity of * Digital visualisation of the search strategy (n = 1)

sources/methods * Evaluation of information/data for timeliness and accuracy (n = 1)
* Checking the credibility of sources (n = 1)

4. Structure, manage and * Drawing a research setup (n = 2)

protect digital content/data e Storing data in a safe and orderly way (n = 1)
* Developing a research plan, using a structural procedure (n = 1)
5. Analyse, transform and e Using application softwate to enter calculation functions (n = 11)
visualise content/data * Plotting a graph using a functional type of chart with axis labels and/ot a legend (n = 8)
digitally * Using etror bars, a curve-fit and/or trendlines (n = 3)
* Processing multiple datasets (n = 2)
* Using a curve-fit or fitting a model to the data (n = 1)
* Programming a script or model to process and analyse data (n = 1)
6. Write a research paper * Inserting figures, graphs and tables using references and captions (n = 5)
using digital tools * Processing and formatting content using a digital application (n = 4)
* Using styles, headings and subheadings (n = 2)
* Using automatic numbering (n = 2)
7. Share and present * Using application softwate or an online tool for displaying and formatting content (n = 2)
content/data * Collaborating and presenting in a digital/online environment (n = 1)
* Using a slide master and/or a digital template (n = 1)
* Reduction of text and graphic design of content (n = 1)
* We paraphrased these quotes for the sake of brevity.

Perceptions of Students’ Level of Digital Research Skills

In Figure 1, the total number of quotes on the students’ level of proficiency is displayed, divided into positive
and negative quotes. A positive quote means that the interviewee was mostly satisfied with the extent to which
students applied the corresponding skill. A negative quote means the interviewee was generally not satisfied.
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1. Browse, search 2. Gather, 3. Determine the 4. Structure, 5. Analyse, 6. Write a 7. Share and
and filter measure and accuracy and manage and transform and  research paper present
information collect digital validity of protect digital  visualise content/ using digital tools  content/data
content/data sources/methods  content/data data digitally

category in DRS framework
Figure 1. Frequency of positive and negative interview quotes per category of our DRS framework (IN = 15)
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It is striking that most quotes (106 out of 125), in response to the third interview question were negative. The
negative quotes mainly indicate a lack of skill in: writing a research paper using digital skills; analysing, transforming
and visualising content/data; and gathering, measuring and collecting digital content/data. Dean (Lecturer Physics
practical) said:

They have very little familiarity with more advanced packages. Really, just the digital skills of making a
report neat. How do I actually just draw a research setup? What am I going to use? What exactly can I
measure?

The positive quotes mainly related to skills such as sharing and presenting content/data and also writing a
research paper using digital tools.

We now give examples of quotes as presented in Figure 1, starting with the largest group, where the numbers
in parentheses mean: (number of quotes/number of interviewees mentioning the quotes).

Category 6: Write a research paper using digital tools (42 negative quotes; 5 positive quotes)

The majority of the negative quotes in this category are related to big differences in skill level between the
students (11/8). Kevin (Coordinator and Lecturer Physics practical) said:

There are students who come from a pre-university school with a lot of practicals and research report
experience, but there are also students who have actually done zero practicals, because the teachers think
it is a waste of time, so that is just very diverse what comes in.

Other quotes refer to lack of skill in using captions and references (10/8), line of reasoning in a paper (10/6)
and text formatting (8/5). Michael (Coordinator and lecturer Chemistry practical) said:

I see, which is a very common mistake, that students just put pictures in there. So you see the results
section and then you see two images without a proper caption. And then, if you’re lucky, there will be a
few more lines of text underneath and that’s it. That is really something I see very often.

The positive quotes (5/3) related to general skills in writing a paper.

Category 5: Analyse, transform and visualise content/data digitally (29 negative quotes; 4 positive
quotes).

In addition to the lack of adding an explanation in the caption (14/8), a significant number of the negative
quotes in this category ate related to students’ lack of digital skills to process data (8/5). Michael (Cootdinator and
lecturer Chemistry practical) said:

30 to 40 percent of the students can handle it just fine and others have never done it. So if you look in
their lab journal on the first few experiments, they have a hand-drawn graph, while you really said, well,
try doing it in Excel, but then they say yes, they have no idea how it should be.

Other quotes refer adding a correct axis label (8/8) and adding a trendline instead of connecting the measure
points (7/7). The positive quotes were about visualizing content/data in general (4/3).
Categoty 2: Gathet, measure and collect digital content/data (16 negative quotes; 3 positive quotes)

Three interviewees noticed that there is a lot of difference in the level of skill with which students select
scientific literature. They were surprised that most first-year students are not yet able to do this, so they have to be
trained to do it. Aimee (Lecturer Introduction Scientific Research) said:

What I often notice is that they have trouble citing sources properly, because very often they cite an
article they have found in PubMed as a link to PubMed. I keep encountering that, even in the third year.
The difference between a journal and a database is not yet completely clear to them.

Other quotes mentioned that students use too few references (6/5), the quality of used reference does not
suffice (8/4) or that they use non-evaluable links (2/2).

Category I: Browse, search and filter information (15 negative quotes; 2 positive quotes)

The majority of the negative quotes in this category are related to first-year students’ insufficiency to search for
information on the Internet (11/6). Nigel (Program director and associate professor of Engineering Physics) said:
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The average student taking final exams is not very good at looking for very specific information. If you’re
talking about: “Look for an article that is about topic x or about application y”, then that is quite
disappointing,

Not every teacher expected students to be familiar with these skills.

Categoty 3: Determine the accuracy and validity of sources/methods (11 negative quotes; 0 positive
quotes) and Category 4: Structure, manage and protect digital content/data (2 negative quotes; 0
positive quotes)

Only four interviewees gave quotes related to students’ skills at determining the accuracy and validity of
sources/methods, category 3 of the DRS framework. The majority of the negative quotes in this category are
related to students’ insufficient ability to assess sources for reliability (9/4), that they should take more time during
this step. Dean (Lecturer Physics practical):

What they are just not used to is to propetly review sources. So the moment you don’t train them and
before we trained them, they came up with a lot of Wikipedia, that you think: yes guys, gosh. I mean,
you’ve already written a research paper in secondary education.

Thete were not many quotes about students’ ability to determine the accuracy and validity of sources/methods,
category 3, and to structure, manage, and protect content/data, category 4. Moreover, all were negative.

Categoty 7: Share and present content/data (3 negative quotes; 5 positive quotes)

As can be seen in Figure 1, students’ ability to shate and present content/date was the only skill with more
positive than negative quotes. The positive quotes concerned presentation skills, such as oral proficiency and
designing a poster or slide show (5/4).

Ratings of Importance and Satisfaction

Figure 2 gives the distribution of the ratings from the two closed-ended interview questions. The interviewees
rated the students’ ability to apply digital skills in software applications such as Word, Excel and PowerPoint with
an average grade of 7.4 (SD = 1,1). This indicates that they were sufficiently satistfied with the students’ ability.
When asked about the importance of these skills, the interviewees rated their importance at an average of 7.6 (SD
=18).
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Figure 2. Frequency distribution of the ratings of importance of students’ ability and satisfaction with their ability
to apply digital skills in software applications (IN = 15). 1 = least satisfied/important and 10 = most
satisfied/important
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Suggestions Offered

Each of the 15 interviewees was also asked what they would like to add to the secondary education curriculum
in the field of DRS. In answering this question, six interviewees did not mention a research skill, but a digital skill:
being able to work with a word processor, a program to process data, or a search engine.

Six of the 15 interviewees would want students in pre-university education to be able to process data better,
which is related to category 5 of our DRS framework. Three interviewees explicitly mentioned working with Excel
and 3 interviewees wanted students to be able to program. Nigel (Program director and associate professor of
Engineering Physics) said:

I actually don’t understand why they use Coach in high school and not just very simple programming
language with Python scripts. If you can do Python, then every company will say, “oh nice that you can
program in Python”.

Four out of 15 interviewees wanted students in pre-university education to learn to write a coherent story better,
which is related to category 6 of our DRS framework. Four of the 15 interviewees also stated that they want
students to be able to assess the quality of sources, which is related to category 3 of the DRS framework.

In addition, two interviewees mentioned points that were partly related to DRS. They wanted students to be
able to combine the knowledge and skills from several subjects, so that there is a connection between them when
formulating sentences in a report.

CONCLUSION

By structuring and comparing both RS and DLS in pre-university education, we formulated seven categories in
a framework for DRS: (1) Browse, seatch and filter information; (2) Gather, measure and collect digital
content/data; (3) Determine the accuracy and validity of sources/methods; (4) Structure, manage and protect
digital content/data; (5) Analyse, transform and visualise content/data digitally; (6) Write a research paper using
digital tools and (7) Share and present content/data.

Our research question was: For which digital research skills (DRS) do university teachers perceive a gap between
the final level of secondary education and the required entry level for science studies?

Starting with the sub-questions:

SQ 1. Which DRS do university teachers consider important for starting science students?

The 15 interviewed academic science teachers and professors generally agreed on the importance of writing
skills using digital tools. These skills include the ability to format text, using styles and headings, subscripts and
superscripts or to edit formulas, the ability to use captions when inserting figures and graphs, their references and
explanatory notes in the text and the ability to write and construct a paper that has a logical structure. All of them
also valued skills with charts, axis labels, error bars and trendlines, and the ability to program a script to analyse
data. Most of them mentioned the use of search engines, maintaining a source list, and assessing and selecting
sources for reliability and credibility.

SQ 2. What are university teacher perceptions about the level of DRS of starting science students?

The university teachers’ perceptions about students” DRS proficiency were mostly negative, with the exception
of skills in elementary software applications such as Word and PowerPoint. The primary problem concerned the
writing of a research paper using digital tools. Students lack the ability to structure a paper and lack skills in
referencing, use of captions and formatting. Despite the fact that students are able to draw adequate graphs on
paper (Pols et al., 2021), displaying graphs digitally remains difficult. Similar to Sadikin et al.’s (2021) findings, many
students were found to have insufficient experience with using spreadsheets, e.g., in processing data, axis labelling,
drawing of a trendline, etc. However, consistent with the results of eatlier studies (Hyytinen et al., 2017; Rakedzon
and Baram-Tsabari, 2017; Salisbury and Karasmanis, 2011), the interviewees note big differences between
individual students in this respect. Furthermore, students are reported to demonstrate difficulties browsing,
searching and filtering information, consistent with Walraven et al’s (2008) and Julien and Barker’s (2009)
observations. In contrast, the interviewees were mostly satisfied with students’ level of sharing and presenting
content/data.

All but one interviewee experienced a gap from secondary to university science education and suggested adding
DRS or both DRS and DLS to the secondary science education curriculum. Three interviewees even mentioned
explicitly that students should be able to program in Python and draw graphs in Excel when starting science studies.

In answering the main research question, our results showed that there is indeed a gap in DRS between the
final level of secondary education and the required entry level for science studies. The perceived gap is most
pronounced in digitally analysing, transforming and visualising content/data and in writing a research paper using
digital tools.
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DISCUSSION

Limitations

The sample of interviewed university teachers was exclusively from Dutch universities and thus solely reflects
the situation in the Netherlands. However, the general literature cited in the introduction showed that the issues
addressed are encountered in other countries as well (Akuegwu and Uche, 2019; Care et al., 2018; Wollscheid et
al,, 2021). The sample size was relatively small and there is a possible availability bias because the interviews were
on a voluntary basis. The interviewees have not been informed about the DRS framework. It is to be expected
that the quotes would have been of a different nature if the interviewees would have been informed on the
framework beforechand. However, the fact that the framework was not mentioned does give the interviewee more
freedom in approaching the subject.

The two closed-ended questions during the interview (questions 5 and 6) essentially were about digital skills
rather than DRS. Also in this case, openness of the interview was preferred over completeness of the concepts.
The fact that certain aspects of DRS were not mentioned spontaneously is in itself an indicator of the perceived
importance of these aspects. Specific software used in science studies (e.g., modelling and probe software) was not
mentioned in the questions. We focused on the more elementary software all students in secondary education are
likely to encounter.

The university teachers were, however, consistent about the gap in DRS; further research with broader samples
in different countries could confirm our result.

Our proposed framework for DRS was also based on the most-cited works in the field and the existing
frameworks showed considerable overlap, so that we expect to have arrived at a universally applicable framework
for DRS.

Implications

Students appear to be especially lacking in skill on data processing and writing a research paper. More attention
for these skills in secondary science education could help to bridge this gap. This could be reflected in the learning
goals in the syllabi of science subjects in secondary education, for example, by simply rephrasing ‘partly with the
help of ICT” to ‘with the help of ICT”, or by adding the skill of drawing a trend line with the help of ICT and being
able to digitally process and format different parts of one’s research in a research paper.

Future research

Our study provides a step towards identifying national and international digital research skill levels to bridge
the gap from pre-university to academic science education. An important next step will be to analyse to what extent
pre-university students actually apply skills from the DRS framework, such as the use of resources, citing,
paraphrasing and the extent to which graphs, axis labels and captions are used or the extent to which students use
the formula editor, sub/superscripts, styles and headings in research assignments. Our proposed framework could
serve as a guiding instrument in this regard. In this way, concrete steps can be formulated for pre-university teachers
and students to bridge the gap in DRS when making the transition to academic science study.
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