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This paper explores digital technology skills in commencing undergraduate pre-service teachers at a large
Australian metropolitan university by surveying all first year students over a period of eight years
(n=2821). The survey gathered self-reported data using Likert-scale questions and this was analysed using
descriptive statistics. It was found that the technological skills of many of the students was lower than that
assumed by tertiary educators. Additionally, there was no evidence of an increase in the general
technological skills in commencing students over the 2012 to 2019 period. These findings have implications
for the design of units in pre-service teacher STEM courses.
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INTRODUCTION

There is no doubt that the role of the educator is a complex one influenced by many factors ranging
from policy development to the role of innovative and transformative practice incorporating digital
technologies. Digital technologies are defined in this paper as being software and hardware used to conduct
internet searches; analyse and display data; communicate (including creating and editing audio/video);
visualise through Augmented or Virtual Reality (AR or VR) and collect data e.g., drones. There is a need
for teachers to not only understand the role of digital technology to solve problems and act as a catalyst for
emerging practices in the STEM classroom, but to also ensure that their students have the access and
capabilities to use them when and where they are needed. While these tools afford educators and their
students many opportunities, there are often factors or barriers that can impede their effective use within
the learning process (see Hennessy and Onguko, 2010). Pre-service teachers can have pre-defined beliefs
about the use of digital technologies and a range of digital capabilities that are often self-assessed at varying
levels. This has wide-ranging implications for the design of programs of study and pedagogical approaches
that can adequately prepare students for their future roles as STEM educators. It is within this context that
there is a paucity of research with regards to the preparation of pre-service teachers (PST) and the adequate
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development of their digital capabilities through innovative programs of study. This paper highlights the
findings from an eight year study that investigates the digital technology skills that students bring with
them into pre-service education and draws upon these findings to recommend a more flexible and
responsive approach to the development of pre-service STEM educators.

LITERATURE REVIEW

Several studies have highlighted the discrepancies between students’ knowledge of digital technology
when entering pre-service teacher education (Blackley & Walker, 2017; Seifert, 2015) and the influences
that these mixed abilities and pre-conceptions about digital technology can have on how they develop as
educators. Blackley and Walker (2017) report that pre-service teachers who used 1:1 laptops in their
schooling were familiar with a limited range of technologies on entry to university: Word and Powerpoint,
internet research, email and accessing learning management systems. Seifert (2015) found that PST were
“sceptical and somewhat reluctant to use smartphones in their classes” (p. 9), while Poyo (2016) claims
that some PST’s negative experiences using digital technologies while at school can negatively influence
their attitudes to using digital technologies in tertiary study and while undertaking practicum experiences.
More recently, McGarr and McDonagh (2021) noted that pre-service teachers entering a programme in
Ireland while being very frequent users of social media, self-reported lower skills in other digital
technologies, and indeed poor levels of ability with video creation and editing. A similar study in Turkey
(Cebi & Reisoglu, 2020) found that digital content creation and problem solving were self-scored low in a
survey of their pre-service teachers’ ICT skills, though communication and collaboration was self-scored
high.

As educators of pre-service teachers, there is a need to address these issues and ensure that our current
students and future generations have the capabilities and a range of durable skills to apply in the STEM
classroom, to not only survive but to also progress in new times. In Australia, this mandate arises from
curriculum documents:

To participate in a knowledge-based economy and to be empowered within a
technologically sophisticated society now and into the future, students need the knowledge,
skills, and confidence to make ICT work for them at school, at home, at work and in their
communities. Information and communication technologies are fast and automated,
interactive, and multimodal, and they support the rapid communication and representation
of knowledge to many audiences and its adaptation in different contexts. They transform
the ways that students think and learn and give them greater control over how, where and
when they learn. (Australian Curriculum, Assessment and Reporting Authority [ACARA],
2013, para. 2)

This is also reflected internationally in ISTE Standards for Students: “Students critically curate a variety
of resources using digital tools to construct knowledge, produce creative artifacts and make meaningful
learning experiences for themselves and others” (International Society for Technology in Education [ISTE],
2021, Knowledge Constructor) and “Students develop and employ strategies for understanding and solving
problems in ways that leverage the power of technological methods to develop and test solutions”
(International Society for Technology in Education [ISTE], 2021, Computational Thinker).

The development of curriculum needs to be set within a framework that allows flexibility and growth
for students. It needs to be future driven, but it must also address the many current challenges faced by
today’s students. Innovation in the areas of STEM education needs a responsive curriculum and educators
who can respond to a rapidly changing globalised world. Karno and Glassman (2013) discuss how access
to the internet allows a new classroom space in which as collective intelligence is built. STEM learning can
be grounded in situated cognition theory (Lave & Wenger, 1991), which recognises that the physical and
social contexts of a learning activity are critical to the learning process. Project-based learning tasks often
begin with a research phase that is enabled by the internet (Howland et al., 2011), and easy access to the
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internet via mobile devices allows STEM inquiry to happen anytime and anywhere. STEM students and
teachers need the search skills and the ability to leverage the affordances of digital tools to obtain timely
information at different project stages.

Examples of ways in which technologies can enhance learning in STEM include the use of digital media
(e.g., photographs, video and audio), which can provide alternative ways of documenting STEM activities
to the traditional laboratory report. They can allow students who have strong STEM understandings, but
weak written skills to gain credit for their knowledge by speaking their explanations rather than writing
them. Digital media can also be collated as ePortfolios that can be used for formative and summative
assessment (Newhouse, 2015). Visualisation tools in STEM learning can include visualising data in the
form of graphs or charts using spreadsheets, or visualising systems and processes using simulations or
virtual reality. Augmented reality (AR) can add a contextual layer of information to a real-world image
(Azuma, 1997) using 3D technology which merges physical and digital worlds in real time (Ibafez &
Delgado-Kloos, 2018). There are increasing numbers of free or relatively cheap apps for smartphones and
tablets, which makes this technology accessible in the school or university classroom. Many of the
augmented reality apps that can be used in STEM education offer exploration or simulation activities. A
study by Yoon et al. (2017) showed that students using AR showed greater knowledge gains in STEM
compared to students learning the same topic without AR, while a study by Loong and Herbert (2018)
claimed that blogs and wikis can allow peers in the STEM classroom to comment on one another’s
processes, analyses and conclusions in schools.

RESEARCH DESIGN

The research presented here is an exploratory case study (Yin & Campbell, 2018) designed to
understand the digital technology background of students entering a pre-service teacher education program
between 2012 and 2019 (eight years). More specifically the research draws upon the students’ past and
current experiences in a core digital technologies unit and their expectations towards using digital
technologies in their future teaching. The pre-service teacher cohort (n=2821) consists of a mixture of early
childhood, primary and secondary pre-service teachers. The research was a mixed method research design
consisting of both qualitative and quantitative data, though this paper is largely focussed on the quantitative
data. Students were asked to voluntarily complete an anonymous online survey at the beginning of the
semester.

The survey asked students their age range and then asked to self-report about their experience level
with a range of technology skills. The categories were taken from the literature which outlines activities
using technology that are useful in STEM learning and teaching. The questions were piloted in 2012 and
were refined over the subsequent years. While the main body of questions remained the same, new questions
were added as new technologies became more ubiquitous in classrooms. Although, the students were self-
reporting their skills, tutors were able to observe the level of skills observed in the classes to compare this
with the survey data.

An example of the digital technology skills that students were asked to self-rate on a Likert scale of No
Knowledge, Beginner, Some knowledge, Comfortable or Expert for the included:

» Using a web browser for searching (Internet Explorer, Firefox, Chrome, Safari or other)
* Backing up files to external media (USB or cloud storage)

* Backing up important data on your computer (including photos, and important files)
* Presentation Software (e.g., Powerpoint, Keynote, Prezi, Libre Office)

*  Spreadsheet Software (e.g., Microsoft Excel, Apple Numbers, Libre Office)

*  Word Processing (e.g., Microsoft Word, Apple Pages, Libre Office)

*  Creating and editing photos

*  Creating and editing video

*  Creating and editing an audio file

* Transferring photos and video from one digital device to another e.g. phone to laptop
*  Writing a blog
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*  Writing a wiki
» Using AR or VR Technology
* Flying a drone or using robotics.

To reduce factors affecting reliability of survey data, the survey items were piloted on a group of five
first year students using a think-aloud protocol so that their interpretation of the questions and the language
used could be uncovered. Any necessary adjustments were then made to the language of the items. The data
were analysed using descriptive statistics and the self-reported technology skills from the Likert scales were
graphed for comparison.

RESULTS AND DISCUSSION

In 2019, 87% of students were in the 17 to 22 age range when commencing their pre-service teacher
course. This figure was 81% in the 2012 data and varies around these percentages each year. Figure 1
(below) shows the 2019 data set of students’ responses to Likert scale questions asking them to self-assess
their technological skills and knowledge in relation to a series of tasks (n=618). Figure 2 shows the same
data from an earlier 2015 survey (n=303).

FIGURE 1
2019 STUDENT SELF-REPORTED TECHNOLOGY SKILL LEVELS (n=618)
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FIGURE 2
2015 STUDENT SELF-REPORTED TECHNOLOGY SKILL LEVELS (n=303)
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Unsurprisingly, in both years, students reported they were comfortable or expert in using web browsers
(96% comfortable or expert users in 2019) and being able to use backup systems for files (82% comfortable
or expert users in 2019). Given the ubiquity of (productivity) software in education and that approximately
80 to 90% of students were either straight from school or within a couple of years since leaving, it seems
reasonable for tertiary educators to assume that students have a knowledge of the common word processing,
presentation and spreadsheet software and to also expect students to use these to create reports, prepare
presentations and analyse and display data respectively. Interestingly, for presentation software, 25% of
students entering the PST courses in 2019 said they were beginners in using this or had a little knowledge,
with 12.6% saying they were expert. This compares with 28% saying they were beginners or had some
knowledge in the 2015 data and 7% saying they were expert. Table 1 shows the student self-reported skills
in using presentation software from 2012 to 2019, suggesting that student self-reported skills have remained
somewhat consistent over time, rather than increasing. This trend is reflected in the other technology skills,
as can be seen by a comparison of the 2015 and 2019 data in Figures 1 and 2. Possible reasons for this could
be due to the increase in complexity of the software over time, or greater self-awareness by students of their
skill level (realising what they do not know).
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TABLE 1
STUDENT SELF-REPORTED SKILLS WITH PRESENTATION SOFTWARE

FROM 2012 TO 2019
Year
2012 2013 2014 2015 2016 2017 2018 2019
No. of PST respondents 516 511 381 302 125 161 207 618
PST self-rated beginner or 24%  27%  24%  28%  30% 24%  24%  25%
some knowledge
PST self-rated expert 15% 17% 16% 7% 9% 12% 9% 13%

Spreadsheet software is central to analysis of data in school setting, in which data can be manipulated
and visualized. However, as can be seen in Figure 1, 48% of students said they had beginner or some
knowledge of spreadsheet skills in 2019, with only 7% claiming to be expert in their use. This suggests that
many students could be ill-equipped to be successful in the analysis activities in tertiary STEM subjects
which involve spreadsheet skills, causing an impediment to their learning.

Video making skills can be utilized by STEM learners to document experiments and explain scientific
concepts in a different format to the traditional laboratory report and examination / quiz. However, in 2019,
64% of students reported they were beginners / had some knowledge of video skills, with 6% claiming to
be expert. This compares with 60% of students in the beginner / some knowledge category in 2015 and 5%
in the expert category, again showing little change over time. The numbers were similar for creating and
editing audio files. Teachers are being increasingly called upon to use video skills to create flipped learning
resources, so these skills are important for the STEM classroom and beyond.

Wikis and blogs can be used in science to share results and comment on peers’ experimental methods
and conclusions. In 2019, 50% of students reported no skills in writing a wiki. 47% of students were
beginners or had a little knowledge of writing a blog while 40% had no knowledge. Other technologies for
which a high proportion of students reported having no knowledge were flying a drone (62%) and using
augmented or virtual reality (54%). These are emerging technologies in schools, but are becoming
increasingly ubiquitous in STEM classrooms, to obtain aerial shots of data in inaccessible places e.g., for
biological survey (drones) and other STEM activities (Carnahan, Crowley, Hummel, & Sheehy, 2016); VR
to visualize large (e.g., the solar system), small (e.g., atomic structures) or inaccessible systems (e.g.,
nuclear power plants), or to simulate labs (Ma, Xiao, Wee, Han, & Zhou, 2014).

While it is not essential to master all the above technological skills to be an effective STEM educator /
learner, there are benefits to be gained by having at least a working knowledge of these tools and how they
can be used in teaching and learning to support both students and teachers. Currently, pre-service teacher
courses might be assuming knowledge and skills that do not align with their students’ actual competences.
It follows that courses need to have a flexible and agile construction that is based around the needs of the
entering students, and these needs are not often discovered before the students commence the course. This
has been a driving factor in the implementation of this survey to PST to ensure that we better understand
the digital technology skills and experiences that have shaped our current students. Tondeur et al. (2021)
argue that personalization of learning processes is necessary when preparing pre-service teachers to use
technology in educational practice. The design of the course should allow for personalized development in
the areas of digital skills that students lack experience in, while acknowledging their strengths. Currently,
finding the gaps in the PSTs’ skills and associated knowledge allows academics to direct students to the
existing resources within the university to address these, such as self-study videos and one on one or group
coaching from the student support services. While this is a study of an initial teacher education course at
one large Australian university, further research is needed to address the needs of PST as they enter
university and to develop their digital technology skills. A rethink of pedagogical approaches used in the
learning and teaching associated with these students, that better embraces and develop students’ skills as
well as new approaches to course design could be sued to improve the emerging needs of future STEM
educators.
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CONCLUSION

Courses for pre-service teachers (PST) often assume that students have a certain level of digital
technology skills, which can have an impact on these students’ success in both learning and teaching STEM
subjects. The data demonstrates that many school leavers are not skilled in the use of basic productivity
software, and have very little experience or knowledge of emerging technologies such as virtual /
augmented reality or robotic type technologies such as drones. The research data is not changing over time
and school leavers are not entering university with greater (self-reported) skills in digital technologies. This
has an impact on their learning of STEM subjects, and also affects the development of their STEM teaching
skills. Identifying the gaps can allow tertiary educators to direct students to the appropriate help available
in the institution and to adapt their pedagogical practices. This also supports the need for a more agile and
flexible curriculum within preservice teacher education which is not pre-prescribed years before a student
enters a course.
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