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[bookmark: _Toc135327922]Introduction
In 2020, the global COVID-19 pandemic forced the entire field of education online, with varied results (Caldarulo, Mossberger and Howell, 2023; Fütterer et al., 2023). This highlighted numerous elements of blending digital innovation with professional practice; sometimes good (e.g. widening provision to those unable to access traditional education), and sometimes bad (e.g. reducing access via uneven technology provision) (Horrigan, 2020; Li and Lalani, 2020; Caldarulo, Mossberger and Howell, 2023). Researchers are still exploring these impacts, but it has arguably brought the relationship between digital innovation and pedagogy into the limelight more strongly than ever before.
However, this is a vast and long-studied field beyond the pandemic, with huge variety in educational digital tools (Hart (2022); also enshrined in professional standard K4, on the use and value of learning technologies; Higher Education Academy (HEA) (2011)). It has been recognised for years that technology-enhanced learning (TEL) offers pedagogical opportunities that were previously limited or impossible – computer models that can explore real-world research questions, for example, or tools for distance collaboration (Beetham, 2019). By now, simple substitution of analogue tools for technology has become common globally (Mishra, Koehler and Harris, 2009; Sung, Chang and Liu, 2016; Hillmayr et al., 2020), but teachers rarely exploit the full potential of a specific technology (Mishra, Koehler and Harris, 2009; Backfisch et al., 2021). However, fundamentally, the purpose of education is learning; this means that, whatever tool is selected and used, it may be considered successful as long as it supports this learning (Gebre, Saroyan and Bracewell, 2014; Beetham, 2019; Fütterer et al., 2022). 
This paper will critically examine the role of digital innovation in educational practice, with a particular focus on supporting learning and some ethical considerations. It will also seek to develop and deploy a digital tool, and evaluate its efficacy in a genuine lesson using the ERA framework (Jasper, 2013).
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[bookmark: _Toc135327924]Successful Learning
To establish the impact of digital innovation on pedagogy, it is first necessary to lay out a definition for what is considered “good pedagogy”. Research in this field is extensive, but of particular use here may be the ICAP (Interactive, Constructive, Active, Passive) hypothesis, which describes a descending scale of student engagement with learning materials; the higher on the scale, the more learning takes place (Chi and Wylie, 2014). ICAP has proven viable in classroom settings, not just laboratory studies, and is presently assumed to apply to both technology-enhanced and analogue learning (Fütterer et al., 2022; Wekerle, Daumiller and Kollar, 2022).
This engagement is important, because a crucial element of successful learning is cognitive activation: the extent to which a student is motivated to engage with deep processing during learning (Seidel and Shavelson, 2007; Baumert et al., 2010; Fütterer et al., 2022, 2023). Learning activities that promote this are those that encourage reflection, problem-solving, decision-making or knowledge integration, and by using these, students develop a sustainable learning process (Klieme, Pauli and Reusser, 2009; Lipowsky et al., 2009; Baumert et al., 2010; Kunter et al., 2013). This is also supported by professional standards A1, A4 and K2, all of which are concerned with developing and delivering appropriate learning activities and methods (HEA, 2011). In principle, ICAP therefore explains well why technology enhances learning: in the literature there is an attested increase in short-term (and possible long-term) engagement when novel technologies are used (Ainley, Enger and Searle, 2008; Blumenfeld, Kempler and Krajcik, 2012; Zhu and Urhahne, 2018; Mayer, 2019; Fütterer et al., 2022), which triggers cognitive activation.
A handful of analytical frameworks supplement this. SAMR (Substitution, Augmentation, Modification, Redefinition; an increasing scale of innovation) (Puentedura, 2006) assesses how well a technology is applied to learning activities to enhance these deep-level learning processes (Hughes, Thomas and Scharber, 2006; Hamilton, Rosenberg and Akcaoglu, 2016; Hilton, 2016; Geer et al., 2017; Choi and Lam, 2018), though it is important to remember the benchmark used. This should never be whether the technology has been employed to its fullest unique potential, but whether or not it induced cognitive learning (Fütterer et al., 2022). 
A more practice-focused framework is TPACK (Technological, Pedagogical and Content Knowledge); if a teacher must focus on how to use technology to support and enhance students’ learning processes, they need competent technological-pedagogical knowledge (Mishra and Koehler, 2006; Koehler, Shin and Mishra, 2011; Lachner, Backfisch and Stürmer, 2019; Hillmayr et al., 2020). As such, the promotion of technological skills training should be a priority for institutions (Fütterer et al., 2022), which also aligns with professional standard A5 on continuing professional development (HEA, 2011).

[bookmark: _Toc135327925]Technology-Enhanced Learning 
Available tools for TEL are extensive and diverse. The Top Tools for Learning Survey has been running since the mid-2000s, and annually collates data from educators to produce yearly lists of most-used EdTech (Hart, 2023). At its peak in the COVID-19 pandemic it recorded 300 separate tools; in 2022, however, this was reduced to 100 (see Fig. 1), as educators appeared to consolidate their preferred tools after a COVID-iniced period of experimentation (Hart, 2022). There are numerous ways to categorise EdTech tools (Kharbach, 2022; TeachThought Staff, 2022), but Hart (2023) uses five groups: Office tools and suites, content development, learning tools and platforms, social and collaboration platforms, and web tools and platforms. This range in applications illustrates well the variety of practices under the EdTech umbrella. Many tools may fall into more than one; Mentimeter, for example, is a learning tool thanks to its quizzes, and a social/collaborative tool thanks to its live engagement abilities (Mentimeter, 2023).
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[bookmark: _Toc135327547]Figure 1. Top learning tools in 2022; note those contained in the education circle (blue) (Hart, 2022)
Institutions are increasingly offering digital literacy as a graduate attribute (ECORYS, 2016; Sharpe and Armellini, 2019), so logically, there is increasing demand for these digital tools and resources to be used in learning activities where possible and relevant (Beetham, 2019); additionally, professional standard K4 encourages the use of appropriate learning technology (HEA, 2011). The Insights Survey was carried out in 2018, which asked some 37,000 students to name digital activities they had found “really helpful” (Newman and Beetham, 2018). This resulted in the authors suggesting Bloom’s taxonomy – traditionally focused on individual cognition, and so ignoring collaborative outcomes – should be expanded into two broad areas:
· “Preparing to Learn”: the ability that stems from digital tools to learn flexibly, track grades, manage notes and references, etc 
· “Learning with others”: the ability that stems from digital tools to learn and work collaboratively 
This suggests, however, that TEL is particularly well-suited to developing collaborative learning in a way that traditional analogue learning can’t match. Other areas found to be enhanced by digital tools are curating materials, and writing/production; if students are connected, this could be either individual or collective (Newman and Beetham, 2018; Beetham, 2019).
Finally, the use of mobile devices for TEL has risen; the technology was initially expensive and fragile, but over the last two decades it has become cheap, robust and ubiquitous (Kukulska-Hulme and Traxler, 2019). Learning design used to be focused around procuring and deploying devices by institutions (Cuban, Kirkpatrick and Peck, 2001; Hennessy, Ruthven and Brindley, 2005; Hew and Brush, 2007; Hall, 2010; Cheung and Slavin, 2013; Hsu and Kuan, 2013; Kim et al., 2013; Ifenthaler and Schweinbenz, 2016; Sung, Chang and Liu, 2016; Hu et al., 2018; Bergdahl et al., 2020); now, it focuses on exploiting the plethora of (often free) online resources available (Kukulska-Hulme and Traxler, 2019). The technology has, in fact, evolved faster than the research into its pedagogical application, so design for its use in learning activities currently has few stable reference points (Kukulska-Hulme and Traxler, 2019). 
[bookmark: _Hlk134717953]However, it does seem to offer a wealth of advantages. Mobile learning is learner-focused, good for situated, practice-based settings (e.g. problem solving, learning “in the field”, etc), and has good applications to accessibility as it can accommodate preferred learning approaches, diversity of needs/experiences, etc (Naismith et al., 2004; Rodríguez- Fórtiz, Fernández-López and Rodríguez, 2011; Kukulska-Hulme and Traxler, 2019; this also chimes with professional standard V2, promoting equality of opportunity for learners (HEA, 2011)). They also aid in communication and data-sharing for collaborative learning; but, it should be noted that they have a less illustrious side. For one, teachers are less able to police mobile networks if interpersonal struggles arise between learners (Kukulska-Hulme and Traxler, 2019); for another, they offer accessibility challenges as well as solutions (see Section 2.4 below.)


[bookmark: _Toc135327926]Quality and Efficacy
So how effective is this digital innovation in practice?
The answer is not straightforward. Professional standard V3 requires evidence-based approaches (HEA, 2011), but credible research in this field is in fact limited – a huge amount of studies found have design flaws (e.g. no control groups, cross-sectional designs, short study periods, etc), and results between educational fields (or indeed between studies) are often thusly incomparable (Fütterer et al., 2022). Of those there are, there has been a focus on frequency of technology use as a benchmark, rather than quality (Cuban, Kirkpatrick and Peck, 2001; Hennessy, Ruthven and Brindley, 2005; Hew and Brush, 2007; Hall, 2010; Cheung and Slavin, 2013; Hsu and Kuan, 2013; Kim et al., 2013; Ifenthaler and Schweinbenz, 2016; Sung, Chang and Liu, 2016; Hu et al., 2018; Bergdahl et al., 2020). These studies have revealed large variation in effect sizes if not outright contradictions; sometimes technology use is positively associated with learning outcomes (Cheung and Slavin, 2013; Sung, Chang and Liu, 2016; Zheng et al., 2016; Hillmayr et al., 2020), sometimes not (Campuzano et al., 2009; Drijvers et al., 2014; Perry and Steck, 2015), and sometimes a mix (Haßler, Major and Hennessy, 2016; Major, Haßler and Hennessy, 2017). 
These mixed results suggest that frequency alone is not an indicator of technological impact. It is increasingly assumed that the quality of technology use is more important than frequency or any other metric (Mayer, 2003; Lei and Zhao, 2007; Schmid et al., 2009; Tamim et al., 2011; Kim et al., 2013; Petko, Cantieni and Prasse, 2017; Hu et al., 2018; Hillmayr et al., 2020; Backfisch et al., 2021). Some authors take “quality” to mean the method of integration (Lei and Zhao, 2007; Petko, Cantieni and Prasse, 2017), and frameworks like SAMR do indicate that higher level technology integration is associated with increased learning; but this has not been directly tested (Hamilton, Rosenberg and Akcaoglu, 2016; Fütterer et al., 2022). However, as outlined above, a more valuable metric is arguably whether or not the technology induced cognitive activation, such as according to the ICAP framework (Chi, 2009; Chi and Wylie, 2014; Fütterer et al., 2022). ICAP also offers a plausible explanation for why higher technology use seems to be associated with higher cognitive processing; TEL aids with setting open-ended tasks that encourage students to think, and thus induce cognitive learning (Fütterer et al., 2022; Wekerle, Daumiller and Kollar, 2022; Wong and Liem, 2022). 
These same results, however, can often be achieved through analogue means (Daumiller and Kollar, 2022; Wong and Liem, 2022); Baker et al. (2018)’s meta-analysis of 48 studies assessing use of PowerPoint vs traditional chalk-and-talk found no difference regarding cognitive learning outcomes (e.g., grades, test scores) between the methods. This illustrates again that the technology itself should not be the benchmark; the learning should.


[bookmark: _Toc135327927]Ethics
While technology offers many opportunities to increase accessibility, this can be a double-edged sword. Millions of students being transitioned into distance learning during covid highlighted concerns over the digital accessibility gap (Horrigan, 2020; Li and Lalani, 2020); for example, geographic broadband disparities in the US are stratified along historic and present-day racial and socio-economic lines, which affects long term educational attainment and opportunity (DiMaggio and Bonikowski, 2008; Hampton et al., 2021; Mossberger, Tolbert and LaCombe, 2021). A study that examined learning outcomes after free broadband provision found broadband adoption was associated with higher academic results in maths and reading/language arts at US county levels (though not equally), and the results were higher for Black, Latino and low-income students than they are for their white or more affluent counterparts (Caldarulo, Mossberger and Howell, 2023). 
Meanwhile, mobile phones may now seem ubiquitous, and offer superb opportunities for collaborative, interactive elements in class – but not all students will necessarily have a compatible device, thanks to income disparities (Naismith et al., 2004). There are clear potential issues to requesting mobile use from a class, if this forces a disadvantaged student to disclose their income status (Naismith et al., 2004; Rodríguez-Fórtiz, Fernández-López and Rodríguez, 2011; Kukulska-Hulme and Traxler, 2019). This potentially clashes with professional standard V2, as it inhibits equality of opportunity for learners without careful planning (HEA, 2011).
Student familiarity with technology would seem to be an important consideration also, but Fütterer et al. (2023) found it had no effect on student outcomes after the pandemic. However, this is an understudied area.


[bookmark: _Toc135327928]Online Learning
Finally, any discussion of technology and education should include online learning. Online and blended learning are, of course, not technology-enhanced as much as technology-enabled; as was seen during the pandemic, the education could not take place without it. However, it has different requirements from the analogue classroom, both in terms of the behavioural management of teachers and students, the methods of delivery, and the integration of additional digital tools (Edwards, Perry and Janzen, 2011; Xu, Chen and Chen, 2020; Young, 2020; Mahmood, 2021). 
[bookmark: _Hlk134785810]Crucial to a course (both for learning and for behavioural management) is the sense of belonging that learners have; the community they form, that makes them feel safe to participate, and to collaborate to solve problems (Edwards, Perry and Janzen, 2011; Bennett et al., 2019; Cleveland-Innes, 2020; Xu, Chen and Chen, 2020; Mahmood, 2021). Online, opportunities for student interaction must be a priority (Bennett et al., 2019). This is not a new concept, in fact. As early as the late 90s, educators were applying the Community of Inquiry (CoI) framework – the formation of a group of learners, who are collaboratively seeking solutions to an inquiry – to online and blended learning (Cleveland-Innes, 2020). In practice, this means making particular use of interactive tools. A true CoI can only be formed with commitment from the participants; the most important element for an online community is a space for text-based discussions (Garrison, Anderson and Archer, 2010). Cognitive – and metacognitive - activity can be significantly fostered by forums, which can be used to facilitate thoughtful and reflective online communication between students (Clark Green, 2005; Akyol and Garrison, 2011). Participants in online courses were surveyed to identify exemplary online educators, and described such teachers as challengers, affirmers and influencers (Edwards, Perry and Janzen, 2011). The CoI process provides a good “influencer” teaching template (Cleveland-Innes, 2020). 
As a final point, the ubiquity of the internet itself should be considered. Daoud et al. (2020)’s meta-analysis found that home internet access has a positive effect on educational outcomes for children, although this is correlational and dependent on use; some studies found that internet can distract students from schoolwork (Choi et al., 2009; Kirschner and Karpinski, 2010; Malamud, Pop-Eleches and Research, 2010; Feng et al., 2019). However, many are increasingly finding that even non-educational use increases reading, language and cognitive skills, thus providing educational benefit (Jackson et al., 2011; Silber-Varod, Eshet-Alkalai and Geri, 2019; Hampton et al., 2021).
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I teach on the BSc Environment, Sustainability and Climate Change course in University of Wales, Trinity St David (UWTSD). As part of this course, students learn key skills in ecological surveying, and one of these is basic tree species identification.
This can be a difficult area for the students to learn, as it requires a lot of technical information about ID features that needs to be married to practical field experience (Kirchoff, 2014). Traditionally, this is achieved in taxonomic courses by means of a formal lecture giving key ID information on each target species, followed by a practical trip into the field to attempt identification; this initial lecture is often dry and non-interactive, making it difficult to maintain engagement (Vizard, 2012; Dixon et al., 2019; Babik and Luther, 2020; Knowles et al., 2020) and clashing with how students learn best (professional standard K3; HEA, 2011). One option to “get to the practical bit quicker” is providing students with dichotomous keys (DKs) and encouraging their use against example branches or in the field (Krasna, 2010; Stagg and Donkin, 2013; Anđić et al., 2021; Nagwa, 2023). However, commercially available DKs are jargon-heavy and list a high amount of information for each species; what I want to provide the L4 students with is something much simpler, with beginner-friendly terminology, that uses ID tips and tricks that I personally have gathered over the years in my own industry practice. This will make the learning more appropriate to their level and subject area, in accordance with standard K2 (HEA, 2011).
In terms of pedagogy, this is a field that requires a constructivist approach, as it requires learners to build knowledge (ID skills) based upon experience (correctly identifying organisms) (Anđić et al., 2021); constructivism has been shown to be effective at adopting and linking acquired knowledge (Muis and Duffy, 2013; Beerenwinkel and von Arx, 2017; Barger et al., 2018). Technology-enhanced constructivist learning has also been successfully demonstrated in biological education (Ananiadou and Claro, 2009; Mouza and Barrett-Greenly, 2015; Anđić et al., 2021), and there is evidence that university students acquire more knowledge from mobile constructivist learning, foster better cooperation skills, and increase their competence (Al Hamdani, 2014; Anđić et al., 2019). 
Mobile dichotomous keys (MDKs), too, have a positive track record of use over their printed counterparts (PDKs). The SAMR framework, at first glance, seems to position them as simple substitution, but research suggests they better fit the augmentation bracket; while providing the same mechanism and information as a PDK, MDKs increase student motivation (Jeno, Grytnes and Vandvik, 2017), provide better and longer-lasting knowledge acquisition (Anđić et al., 2019), and can be used in both the classroom and the field (Campbell et al., 2011). 
In the name of designing a successful learning activity, in accordance with how students learn, using an an evidence-based approach to select an appropriate technology (professional standards A1, K3, V3 and K4 respectively; HEA, (2011)) I therefore opted to create an MDK of my own. The aim was to develop a tool that could be used in both the lab against example branches and in the field against living trees, so I primarily needed a smartphone-compatible platform (as previously discussed (Section 2.2), mobile technology suits practical learning (Kukulska-Hulme and Traxler, 2019)); with that said, however, given potential accessibility issues (see Section 2.4), I wanted something that could be used on a computer or tablet if necessary as well. I reasoned that I needed something like a digital survey or questionnaire, which could be manipulated to direct to specific questions based on the answers the user gave. I therefore chose Google Forms, as it was free, easy to set up and access from a phone or computer, and could be formatted to suit these needs. It can also support photographs, to make identification easier.
Figure 2 shows how the MDK fits into the TPACK framework, and its three fundamental areas of knowledge. 
As mentioned (see Section 2), the benchmark for successful technology integration is not the technology itself, but the quality of the learning – the cognitive activation – that takes place. The ICAP framework holds that deep cognitive activation is best achieved through interactivity and problem-solving; the act of applying knowledge to a novel situation to find the solution (Chi and Wylie, 2014; Fütterer et al., 2022). By providing the students with a tool that allows them to immediately investigate a branch or tree to find their own solution, I believe I am achieving this. This is particularly true as the MDK will only ever take a student so far; sooner or later a learner will encounter a specimen that seems to fit into several brackets. The tool allows them to explore these different potential options and ultimately make an educated judgement call, which I can then provide feedback on (professional standard A3; HEA, 2011).
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[bookmark: _Toc135327548]Figure 2. The TPACK Framework applied to the tool
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The MDK was used as part of a taught session on tree identification on the 15th May 2023. Figure 3 displays screenshots of its development; Table 1 contains links to the developed resources, and the lesson plan of the session.
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[bookmark: _Toc135327549]Figure 3. Screenshots of the MDK in development. Crucial to its suitability was the ability to direct learners to specific questions based on answers (top), and to ensure each question was 'required' (bottom)

[bookmark: _Toc135327553]Table 1. Links to resources
	Resource
	Link

	Lesson Plan
	


	MDK
	https://forms.gle/pWiLX3ne5URfeFTv5 

	Prezi Slides
	https://prezi.com/view/QrCPbY9flgP0bD7GmT63/ 
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The following is evaluated using the ERA reflective model (Jasper, 2013).
The session worked well (see Table 1 for the lesson plan) with all learning outcomes being met, and encompassed multiple professional standards (HEA, 2011). See Table 2 for a list of these. 
The tool will ultimately be used with level 4 (L4) students studying BSc Environment, Sustainability and Climate Change, but owing to timing issues with the academic year, the session was delivered to L6 education students. While their botanical expertise matched the target demographic, it should be noted that their predisposition to analyse pedagogic tools and techniques may have influenced the results.
However, the feedback from the students was unanimously positive. All reported that they enjoyed using the app, found it easy to use and navigate, and would want to use it again (see Figure 4); one student requested permission to use it in her personal life! This is in line with previous findings in the literature, which consistently report that MDKs significantly increase student motivation and attitudes, including for acquiring botanical knowledge specifically (Huang, Lin and Cheng, 2010; Silva et al., 2011; Al Hamdani, 2014; Jeno, Grytnes and Vandvik, 2017; Laganis, Prosen and Torkar, 2017; Anđić et al., 2021). 

[bookmark: _Toc135327554]Table 2. Professional Standards included in the session
	Standard(s)
	Application

	A3: assess and give feedback to learners
	Throughout the session I gave learners feedback on if their identification was correct or not, and helping them see where they mis-stepped.

	A5: engage in CPD in subjects and their pedagogy
K2: appropriate methods for learning in the subject area
K4: the use and value of appropriate learning technologies
	This is a brand new tool I made myself, designed to better teach identification skills.

	V3: use evidence-informed approaches from research and scholarship
	Research has shown digital keys promote learning AND student attitudes and engagement

	V4: acknowledge the wider context in which HE operates recognising the implications for professional practice
	At the start of the session, I explained that there is a lack of ID skills among environmental workers currently, so this is a vital area to fill.



The eventual lesson the MDK will be used in will be much longer than the session carried out here, and will involve a lengthy trip into the field to try out the tool on whole trees. This will allow me to better assess how well the students acquire the knowledge without using the MDK each time, something I was less able to do here (in opposition to professional standard A3, on assessing and feeding back to learners (HEA, 2011). However, there were positive indicators for its pedagogical results. Students swiftly learned the use of the tool and were able to rapidly identify the branches given, with a very high success rate; the overwhelming majority were correctly identified, and my guidance was extremely minimal. In feedback, students reported that by the end of the session, short though it was, they could all distinguish the relevant ID features, and several had learned at least one species without any need for the MDK (see Figure 5).
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[bookmark: _Toc135327550]Figure 4. Student opinions on the MDK

This is encouraging news; as previously discussed, the measurement for success is not the tool itself, but the learning (see Sections 2.1 and 2.3). In this case, the ultimate learning aim is for the students to adopt new botanical knowledge and be able to link it to each new branch or tree, something greatly aided by the constructivist approach I chose (Muis and Duffy, 2013; Beerenwinkel and von Arx, 2017; Barger et al., 2018); although, the eventual longer session the tool is destined for will be redesigned to lean into this more (supported by professional standard A1, to design and plan learning activities (HEA, 2011)). In particular, there are five main constructivist principles: eliciting prior knowledge, exploring new content, creating cognitive dissonance, applying knowledge from feedback, and reflecting on learning (Windschitl, 2002; Baviskar, Todd Hartle and Whitney, 2009; Anđić et al., 2021). Future sessions will be structured to offer a small selection of branches first, followed by a feedback period of revealing the identified branches, followed by a new larger phase of identification to put the learners’ new experiences into practice, in order to better capitalise on point 4. This will then be taken into the field. 
[image: A picture containing text, screenshot, diagram, font

Description automatically generated] [image: A screenshot of a computer

Description automatically generated with low confidence] [image: A screenshot of a chat

Description automatically generated with medium confidence]
[bookmark: _Toc135327551]Figure 5. Students' self-reported learning outcomes
 
Regardless, the tool – and session – did encourage suitable cognitive activation, as espoused by the ICAP framework. ICAP uses several underlying assumptions: that invisible cognitive learning is linked to visible learning activities (here, the use of the MDK); that the scale from passive to interactive also reflects increasing student learning effort (seemingly borne out by the feedback); and that higher levels subsume lower levels (e.g. a constructive activity is therefore ALSO both active and passive) (Chi and Wylie, 2014; Fütterer et al., 2023). Here, the session was highly interactive, as the students were identifying the branches themselves and recording their comprehension. It was also passive, as they were receiving information from the MDK; active, as they were acting on that information; and constructive, as they were comparing new information (features on the branches) with established knowledge (information from the MDK). Overall, the session encouraged knowledge integration and problem-solving, thus activating the deep processing that is crucial to learning (Seidel and Shavelson, 2007; Baumert et al., 2010; Fütterer et al., 2022, 2023). One student also described how they enjoyed the way that getting a wrong ID meant they could go back and properly re-assess the information to “solidify their understanding” (see Figure 4). This is interesting, as it taps into a long-studied aspect of deep learning: the ability to safely make mistakes, and learn from them (Ellis and Davidi, 2005; Ellis, Mendel and Nir, 2006; Forrest, 2013; Light, 2017).
There was one student whose smartphone was unable to open the MDK, owing to its age. Thanks to the size of the class, I simply lent my own phone to her; however, this needs consideration for future use, as requesting students use their own phones runs the risk of forcing them to disclose income disparity to the class (Naismith et al., 2004; Rodríguez-Fórtiz, Fernández-López and Rodríguez, 2011; Kukulska-Hulme and Traxler, 2019). I believe the answer to this will likely be to inform all students ahead of time over email that they will need to bring a suitable device to the session, and to alert me if theirs is incompatible. In this event, I could simply arrange the class so the students identify in pairs, meaning only one device is necessary; this will also incorporate more collaboration between learners, which can itself boost learning (Newman and Beetham, 2018; Bennett et al., 2019; Dixon et al., 2019; Kukulska-Hulme and Traxler, 2019; Race, 2020).
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Conclusion
Overall, this was a highly successful venture. Digital tools possess enormous potential for enhancing pedagogy, and in the current climate are rapidly becoming ubiquitous; but, educators must ensure they are included to support learning, rather than for their own sake. In particular, the benchmark for quality should be whether or not the tool encourages deep cognition, as a crucial aspect of learning.
The tool developed performed exceptionally, and was extremely well-received by students. It allowed for a nigh-immediate interactivity that traditional methods do not, increased engagement and enthusiasm, and helped the students acquire the necessary knowledge and skills. With only minor tweaks to session structure, it is suitable for use in standard future curriculum.
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Content Knowledge (CK)
Knowledge of multiple UK tree species, and their ID features


Technological Knowledge (TK)
Google Forms allows construction of an MDK, which students can use on smartphones


Pedagogical Knowledge (PK)
ICAP: Cognitive activation is best achieved through activities that are interactive and problem-solving
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Lesson Plan



		Topic: Tree Identification

		Class: L6 PCET students





		Date: 15/05/23



		Length of lesson: 30 mins

		Number of students: 6



		Resources required:



· Computer with internet connection & TV screen to show slides

· Prezi

· 1 device per student, preferably smart phone





		Aim of Lesson



To test the functionality of the digital tool developed, for future use in the BSc Environment, Sustainability and Climate Change course. 

To give beginner level students a grounding in basic tree identification







		Learning Outcomes – The Learners Should Be Able To:



· Distinguish different morphological features between trees to find an ID

· Accurately use the digital key to identify tree species

· Recognise one or two species without using any guides









		Previous student knowledge required for the session:	



None







		Anticipated difficulties (if applicable):



Connectivity issues; the tool requires an internet connection

Students may not have a compatible device







		Professional Standards (where are these being met within the session)



A3: assess and give feedback to learners. Throughout the session I will be telling learners if their identification is correct or not, and helping them see where they mis-stepped.



A5: engage in CPD in subjects and their pedagogy/K2: appropriate methods for learning in the subject area/K4: the use and value of appropriate learning technologies. This is a brand new tool I made myself, designed to better teach identification skills.



V3: use evidence-informed approaches from research and scholarship. Research has shown digital keys promote learning AND student attitudes and engagement



V4: acknowledge the wider context in which HE operates recognising the implications for professional practice. At the start of the session, I explain that there is a lack of ID skills among environmental workers currently, so this is a vital area to fill.



















Lesson Detail:



		

Stage 

		

Focus

		

Strategy 

		

Time 





		Introduction



















Development 



















































Plenary/conclusion









		Introducing the topic. Getting them onto the tool.















Making sure they know how to use the key.

















Practice – in lab















(For longer sessions, if there’s time)

Practice – in the field











Wrapping up and consolidating the learning

		Use Prezi for slides



Explain the necessity; applications to future careers



Have them “download” (connect to) the tool; there is a QR code, or a Bitly link that can be shared through Teams or WhatsApp





Give them an example photo of two leaves in the Prezi. Talk them through how to use the key to narrow down the species.



Discuss briefly what might have led them to make a wrong choice. Remind them of the two shortcomings of keys; stress that they should simply try again if needed.





17 tree twigs with leaves on laid out on tables, each numbered. Students are free to ID them in any order, and encouraged to make a note of what they think. This is a relaxed, informal practical in which they can discuss freely with one another, as I provide guidance. 







The class goes out to the front of the campus, where there are three tree species planted around the library and in front of IQ. They identify these trees.





I do a final reveal of all specimens, so students can see which were right and which weren’t. We discuss what they found easy, and what was difficult. I remind them that they are welcome to use the key in their own time, and that the most important thing they can do is practice.





		



3 mins





5 mins









5 mins







2 mins











13 mins



















10 mins











2 mins

















		Assessment Strategies: when and how are they included within the lesson?



Throughout the session, I am constantly checking to see what answers the students are getting. As it was a small group, I had them write their answers and initials on the numbered papers with each branch. I could therefore get an idea of which students were struggling, and perhaps needed more guidance.















		Informal reflection (to be completed after the session)





This was honestly extremely successful; the students loved the tool, with one asking if she could keep it for personal use! 



My traditional method of teaching ID has been to sit the students down for an hour, talk them through the different ID features of different species as they take notes in a notebook, and then take them for a walk along the Tawe for an hour and a half to try ID in the wild. This is in line with traditional ID courses. It does work, but the initial hour’s lecture is very dry for them, and I’ve been wanting to find a way of making it more interactive and engaging.



This seems to be the perfect answer. The students here are not environmental students, and so have even less background knowledge than the eventual target audience, but they loved it. I kept the intro slides short and to the point, and included a quick interactive tutorial in it anyway, which for a future full length lecture I’ll extend; this meant there was very limited time spent sitting around listening to a traditional lecture. Then they were very quickly into the process of actually ID-ing the branches, which they enjoyed.



For future sessions, I’ll build in a more deliberate formative feedback section after the branches. Not sure how yet, but I’ll have a think. Or maybe during? Maybe I could have them ID half the branches, then check progress, then give them the other half to do. Just to make sure they’re on the right track.



Then I’ll take them out into the field to try some actual trees. The only concern there is the weather – a traditional field trip would go ahead regardless, but with using smart phones, that may not be appropriate.



AND, I’ll need to think about how to see if they’re making the shift to ID without the key! That’s easy in the field, as the trees are abundant. Maybe a little harder with the branches, but certainly not impossible. I’ll think about the design. I included one or two “doublers” in the branches, actually, and some of the students did ID the second one on sight after having done the first, so the beginning of the learning was definitely there. That may be the answer.



Either way, the session went well and the key did what I wanted, both in terms of usability and student engagement, so I’m happy.
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Did you enjoy using the app?
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Did you find the app easy to use/navigate?
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Would you want to use it again?
5 responses

5 (100%)

0 (?%) 0 (?%) 0 (0%) 0 (?%)
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Was there anything you particularly enjoyed, or thought the app was good at?

5 responses

1 enjoyed the whole experience, the app is a very clever way to get students engaged and enthused as it feels
like a hunt and | was invested

iloved it all
Iliked how it felt like | was in control, f that makes sense?
It feltlike a game almost!

liked how | had to go through the loops so to speak and figure it out myself. If | ended up on the wrong leaf,
doing it again helped solidify my understanding a little more and when it presented with the wrong leaf, this
actually made me pay more attention and read it in more detail!
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Was there anything you particularly disliked, or thought the app was bad at?
S responses

No

No

no

‘Some of the images weren't representative but that's not the apps fault, that's just nature and actually was a

valuable lesson in itself to start using my own knowledge and understanding rather than relying on one
image.
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How accurate were your tree ID skills with it?
5 responses

@ 1 had them all wrong T_T

@ Mostly wrong, but a few right
® About half and half

@ Mostly right, a few wrong.

@ Allcorrect D
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Did you find you could spot the different features (e.g. leaf shape, texture, etc) by the end, even if
you didn't know which species was which?

5 responses

by the end of the session | was able to identify shapes and textures and found that cool
yes

Yes

Yes, liked that. It al just looked green and leafy to me at fist

Yes, this was definitely something | could do by the end of the session but I feel that over time I would get to
know the leaves a lttle better and this app would definitely help!
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Did you find you'd learned any of the species by the end? Do you think you could ID any without the
app now?

5 responses

1 could tell which ones were oak and | would be able to spot out Hazel now
Maybe, but | will use the app again to confirm

I think sycamore, and probably oak. | also spotted the second elm without the app, although I don't know if Id
remember it now!

The hazel (velvety to touch?)

Yes, there may have been one or two that | could remember, although | feel like | remember the names more
than the leaves themselves as of course each tree/leaf can be slightly different (now that's something |
remember you saying so things have definitely sunk inf) and the images on the app sometimes weren't
‘accurate. However saying that, as mentioned above, there were things I did remember like how texture can be
present on some leaves and not the other, some leaves can have sharper teeth than others and if you get a
black thorn, go to the docs straight away! @
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