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Abstract  

Traditional mathematics education using a blackboard has, in recent decades, been complemented 

or replaced by emerging technologies. The pandemic was a notable catalyst for adoption of 

technology, as educators had no choice but to engage with technology so that learning and teaching 

could continue remotely. The present research was conducted at a large UK university which 

invested in TabletPCs to facilitate this remote education. The research verified that the benefits of 

TabletPCs described in the literature were indeed being achieved locally. The research further 

explored student perceptions and preferences of different lecture delivery modes, including 

TabletPCs and boards. The research was conducted before and after remote delivery to explore 

whether student opinions differed following this period of greater exposure to technology-driven 

education. The main result of the research is a student preference for multi-modal lecture delivery, 

which was slightly stronger in the post-pandemic survey. A further recommendation is for educators 

to consider the value of different tools and their individual advantages when planning teaching 

activities, rather than being led by a strong discipline culture.   
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1. Introduction 

The first modern blackboard was invented in 1801. Blackboard use proliferated following the 1870 

Education Acts, which introduced free and compulsory education in England and Wales. The 

blackboard offered a solution to teaching at the larger scale that was now required. Manuals were 

soon produced that detailed the techniques – and etiquette – of effective teaching (Day, 1967; Wylie, 

2012). Early articles describe how blackboards may have had an imposing presence in classrooms 

(Hester, 1902), and others advised on decorating the blackboard with images of seasonal flowers 

(Emerson, 1896). Blackboards are rarer in the present day, yet are still popular in higher education 

mathematics teaching as a suitable medium for the abstract reasoning of mathematics 

(Greiffenhagen, 2014). Indeed, studies have shown that some students prefer traditional ‘chalk and 

talk’ to static slides (Rudow and Finck, 2015). However, the TabletPC (a touchscreen laptop that 

accepts handwritten input) can recreate some of the advantages of a blackboard, due to live 

handwriting using a digital pen; and has further advantages of its own (Fister and McCarthy, 2008). 

A strong discipline culture is proposed as a reason for persistent belief that blackboards are the most 

suitable medium for mathematics teaching, and a reduction in use is partly due to necessity (e.g. 

available facilities or class sizes), and partly due to acceptance and adoption of new technologies 

(Billman et al., 2018). These factors have led to mathematics students experiencing a variety of 

delivery modes during their higher education studies. The authors ran a survey to explore students’ 

relative preferences of delivery modes during the academic year 2021-22, asking participants to 

consider experiences both prior to the fully remote delivery necessitated by the pandemic, and 

modes of delivery within the fully remote context. The fully remote year required educators to rapidly 
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adopt and develop their confidence with digital education tools (Myyry et al., 2022), and students 

demonstrated increased expectation for digital delivery, or digital-supported delivery, following the 

fully remote year (Suleri, 2020). The authors repeated the survey post-pandemic, during the 

academic year 2022-23, focusing this time only on in-person delivery modes. This paper explores 

the comparative preferences of students pre-pandemic and post-pandemic; giving contemporary 

insight into preferences for delivery modes and exploring if this changed during the fully remote year. 

2. Literature Review and Context 

In this paper, we will focus on the development of Tablet PCs within education. Although 

educationally-focused Tablet PCs have been around since the late 1980s (Wiggins and Eglowstein, 

2017), the technology advanced for mainstream educational use in the early part of the 21st century 

(Ellis-Behnke et al., 2003). In an early paper describing their use in mathematics education, 

Gorgievski et al (2005) surveyed the perceptions of calculus students of this emerging technology. 

Numerous benefits of TabletPCs have since been reported. 

• Handwritten notes can be produced in real-time during teaching. The notes can be shared 

with students (Fister and McCarthy, 2008). A video capture of the teaching session can be 

shared with students (Galligan et al., 2012). This approach is very compatible with ‘gapped 

notes’ (Sambrook and Rowley, 2010). 

• The Tablet PC is a full PC system, making it straightforward to switch between applications. 

For example, software demonstration, video playback, website navigation, text highlighting 

(and so on) can all be achieved on the same device and will all be captured in the video 

recording of the lecture. 

• In-person teaching can be improved through eye contact. As the Tablet PC can be 

connected to a projector from any angle, a lecturer can face students while teaching, rather 

than facing a board (Billman et al., 2018). 

• Eliminating chalk dust enhances air quality in classrooms and removes any potential 

associated health risk (Lin et al., 2015; Majumdar and William, 2009). Eliminating the use of 

dry erase pens reduces the risk they will end up in landfills. It is difficult to find statistics for 

recycling rates of dry erase pens, but an estimated 19% of plastic in the UK ended up in 

landfills in 2020 (PlasticsEurope, 2022). It should be noted for balance that laptop 

production also has environmental impacts (Hoang et al., 2009). 

• Remote interactions between educators and students can be improved using Tablet PCs as 

they provide a means for real-time whiteboard collaboration, mimicking in-person 

interactions (Kohorst and Cox, 2007). 

Comparative studies have indeed demonstrated strong student satisfaction with the use of Tablet 

PCs for teaching (Maclaren et al., 2017).  

The present research was conducted with participants studying on mathematics programmes in a 

large UK university. At this university, several mathematics lecturers were using Tablet PCs to lead 

or support teaching delivery prior to the pandemic. When it became apparent that teaching would 

continue under a national lockdown, the institution made a bulk purchase of Tablet PCs for all 

mathematics lecturers, aiming to enhance the quality and value of remote teaching. The delivery 

modes both pre-pandemic and post-pandemic were (and are) varied, and students have consistently 

been likely to experience a diversity in approaches across all modules. The authors identified the 
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following lecture delivery modes in the department. In all cases, ‘handwritten’ means live during the 

teaching session, and ‘slides’ means pre-prepared presentation files such as PDF or PowerPoint: 

• Handwritten notes on a board. 

• Slides displayed on a projector, with no handwritten notes or annotations. 

• Slides displayed on a projector, with handwritten notes on a separate board. 

• Handwritten notes using a Tablet PC, using a digital pen, displayed on a projector. 

• Slides displayed on a projector using a Tablet PC, using a digital pen, with handwritten 

notes and slide annotations on the Tablet PC. 

3. Methodology 

The study was conducted by administering an anonymous online survey to student participants, 

which consisted of three sections: 

1. Perceptions of TabletPC delivery. Participants responded against a five-point Likert scale to 

provide insight into perceptions around TabletPC delivery. This section was based on the 

questions of Gorgievski et al (2005), and was used to verify that the benefits of TabletPC 

delivery found in the literature were being achieved in the local context. 

2. Ranking of delivery modes. Participants were asked to rank the five delivery modes stated 

above, with an aim to identify trends or broad preferences shared among students. The 

methodology and presentation of results was based on Maclaren et al (2017), but with 

delivery modes changed for our context. 

3. Open ended question. This allowed participants to clarify views on TabletPC delivery and/or 

their ranking of delivery modes. Thematic analysis was performed on responses. 

The survey was deployed twice: first during the year of remote teaching (Survey 1), and again when 

in-person teaching resumed (Survey 2). During remote teaching, all students had previously 

experienced TabletPC delivery, and so all students in the department were invited to participate in 

the survey, reflecting on their in-person experiences. When in-person teaching resumed, some 

students may not have taken modules that used TabletPC delivery. Instead of inviting all students in 

the department to act as participants, the invitation was narrowed to students registered on modules 

which used TabletPC delivery. Hence all participants in the survey had experienced TabletPC 

delivery. 

4. Results 

4.1. Perceptions of TabletPC Use 

Survey 1 had n1=21 responses (population ~1000) and Survey 2 had n2=66 responses (population 

~500). Comparative bar charts are shown for the questions in the first section of both surveys 

(Figures 1-4), about the effectiveness of TabletPCs. Detailed data can be found in the Appendix 

(Tables 1 and 2). 
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Figure 1: Breakdown of responses for Question 1 in Survey 1 and Survey 2 

 

 

Figure 2: Breakdown of responses for Question 2 in Survey 1 and Survey 2 

 

 

Figure 3: Breakdown of responses for Question 3 in Survey 1 and Survey 2 
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Figure 4: Breakdown of responses for Question 4 in Survey 1 and Survey 2 

 

Each time the survey was deployed, a majority of participants responded with ‘Agree’ or ‘Strongly 

Agree’ for each question (although the majority for Q3 was narrow in Survey 1, due to a high neutral 

response). There was little change in the proportion of negative responses between the two surveys, 

and these responses were in the minority. Responses for Q1 and Q2 show a clear but slight positive 

trend. Q3 and Q4 in Survey 1 were bimodal, between ‘Neutral’ and ‘Strongly Agree’, but this 

polarisation was not seen in Survey 2: Q3 is more uniform at the positive end, and Q4 is unimodal 

with left skew towards positive. 

4.2. Ranking Delivery Modes 

Results are presented in diverging stacked percentile bar charts, with the vertical centre of neutral 

responses aligned (Figure 5). The order of the delivery modes on the questionnaire was presented 

as stated earlier, but the modes are ordered by preference in the chart: this turned out to be the 

same ordering for both deployments of the survey. 

 

Figure 5: Diverging stacked percentile bar charts for ranking of delivery modes in 

Survey 1 and Survey 2 
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Survey 1 shows a notable negative perception of a slides-only approach relative to other delivery 

modes. It remained the most negatively perceived in Survey 2, but not as severely negative. The 

two ‘notes-only approaches’ were significantly less positively perceived in Survey 2 compared to 

Survey 1. The mixed modal approaches – slides and board, or slides and Tablet PC Notes – were 

consistently the most positively perceived delivery modes. Given these are relative perception scores 

(rankings), and the multi-modal approaches were almost constant between surveys, it appears the 

gap between ‘slides only’ and ‘notes-only’ approaches has narrowed; whereas the gap between 

‘unimodal’ and ‘mixed modal’ approaches has widened. 

4.3. Open Response Thematic Analysis 

Out of n1=21 responses for Survey 1, seven participants provided open responses; out of n2=66 

responses for Survey 2, 16 participants provided open responses. Identified themes follow: 

Suitability for Online Context: Three responses in Survey 1 specifically praised TabletPCs in the 

remote teaching context, for providing increased clarity compared to capturing a board or notebook 

with a fixed camera. Although this was not asked, it is perhaps unsurprising that participants shared 

this as it was their most recent learning experience. 

Multi-Modal Approaches and Engagement: In Survey 1, three responses reported that the mode 

is less important than how it is integrated into teaching, and combining approaches (i.e. a multi-

modal approach) makes sessions more engaging, regardless of whether the live writing uses a 

TabletPC or a board. This was reinforced by five responses in Survey 2, which reported that multi-

modal delivery made it easier to focus on learning during a teaching session, rather than focus on 

replicating notes delivered on the board. The live handwriting component was reported to be useful 

for understanding the material, and one response reported that the removal of the requirement to 

copy everything was inclusive practice, suitable for neurodiverse students (Boyle et al., 2015). It is 

noted that, although TabletPCs with annotation ranked higher than slides combined with writing on 

the board, the difference is not enough to draw a definitive conclusion about a common preference 

for one of them over the other. 

Pace and Review: In Survey 2, six responses reported that the video and notes captured by the 

TabletPC provide an advantage for subsequent review of learning: something that is not always 

readily available for board capture at the institution. Of these respondents, 3 explained that this can 

compensate for faster-paced sessions, which risk being too fast if there is too much to write down. 

Strong Blackboard Preference: In Survey 2, five responses strongly preferred boards, stating in 

categorical terms that it is the best delivery medium for mathematics. Three of these responses 

specifically mention blackboards. But even stronger than stating that it is currently the best medium, 

one response says it always has been (‘a board and chalk has been used for thousands of years for 

mathematics’), and one response says it always will be (‘nothing will ever beat chalk’). It is noted 

that four of these five respondents nevertheless stated their strongest preference was a multi-modal 

approach, involving slides and the board. 

5. Discussion 

5.1 .Verifying results from the literature 

Perceptions of TabletPCs in (Results Section 4.1) were mostly in line with the literature, except for 

a high neutral response for TabletPCs encouraging students to pay attention. Although this is not 

explained by thematic analysis of open responses, we hypothesise that it may be due to the novelty 
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wearing off. Literature from as early as 2013 (Schnackenberg, 2013) discussed how TabletPCs were 

prevalent in homes and workplaces, how adoption was growing within education, and how the 

devices could be effectively integrated into classrooms. A 2023 survey showed that almost half of all 

students own a tablet (UCAS, 2023). 

5.2. Multi-Modal Delivery 

Both Survey 1 and Survey 2 yielded the same overall ranking of preferred delivery modes, with multi-

modal delivery rated higher than unimodal delivery. In Survey 1, the ranking within unimodal delivery 

modes had ‘slides only’ clearly earning the lowest ranking. In Survey 2, the gap was closed between 

‘slides only’ and other unimodal delivery modes. This suggests that participants in Survey 2 were 

less discriminating between different unimodal delivery modes and had a stronger preference for 

mixed-modal delivery rather than strong preferences within these categories. This observed 

preference aligns with concepts of Cognitive Load Theory. Specifically, unimodal delivery modes are 

linked to the ‘split attention effect’ (Chandler and Sweller, 1992). This undesirable outcome occurs 

when learners are processing inputs that are not effectively integrated; for example, if information is 

presented on a slide and this information is also read to students, then this can trigger the split 

attention effect. Participants reported in open responses that the pace of unimodal delivery modes 

require relatively more effort from students to keep up: this means that student attention on 

replicating notes can detract from actively listening to and understanding the discussion, hence 

triggering the split attention effect. Conversely, the multi-modal delivery modes are linked to the 

‘mixed-modal effect’ (Mousavi et al., 1995) in which cognitive load is reduced by having material 

presented in a mode complementary to the active delivery, meaning learners have immediate access 

to resources as needed, rather than taking up valuable space in working memory. It should be noted 

that the split attention effect and mixed modal effect occur based on how effectively information from 

different modes is integrated in the presentation and is not intrinsically linked to the modes surveyed; 

however, open responses suggest that the delivery modes are delivered in such a way as to link to 

these aspects of Cognitive Load Theory. The authors believe this to be practical evidence supporting 

the theoretical framework. 

Participants also cited the inclusive practice of making resources available. All surveyed methods 

(dependent on the technology of the teaching space) afford the opportunity to record the audio and 

visual components of the teaching session. Only slides only, or multi-modal approaches, afford the 

opportunity to share some of these resources in advance of the session. 

5.3. Discussing the claim that blackboard is best 

It is not surprising, given results found elsewhere in the literature, that some respondents reported a 

strong preference for blackboard delivery. From the literature review, we know that blackboards have 

been integrated into mass education for around 150 years. It is unclear whether the participant is 

being figurative or literal when citing ‘thousands of years,’ but it is clear this is perceived to be the 

educational norm. Indeed, there is considerable advocacy for blackboards. 

6. Conclusion and Recommendation 

The surveys asked for student perceptions in a general sense, and did not consider the context of 

individual teaching activities. Some teaching activities might lend themselves more to one mode than 

another: e.g. student collaboration might be most effective on a large physical board, compared to a 

smaller TabletPC; conversely, software demonstration would be simple on a TabletPC but 

impossible on a board. The present study did not consider educator preferences and proficiencies, 

which are critical to ensuring benefits of a given mode are realised in practice. It would not be valid 

to conclude a particular mode as the definitive ‘best,’ especially as the preferred ranking was not 
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substantially different between the highest ranked modes. Having said that, the advantages of 

TabletPCs described in the literature were evidenced in the present research, and they are a suitable 

and effective tool for delivery of mathematics. The strong discipline culture might discourage some 

educators from considering them. This leads to the first recommendation. 

Recommendation 1: Educators are recommended to consider the breadth of contemporary tools 

available, and their individual advantages, when determining the most appropriate delivery mode for 

a teaching activity. 

The clearest preference arising from delivery mode rankings was for multi-modal approaches, which 

also aligns with Cognitive Load Theory. 

Recommendation 2: Incorporate multi-modal delivery, combining dynamic presentation of delivery 

with complementary static presentation of information to reduce split attention effect arising from 

having to keep up with the pace. 

In a similar vein, but also linked to inclusive practice, students reported that having resources in 

advance could support note-taking and active listening within the lecture.  

Recommendation 3: Consider what resources may be provided in advance of the lecture, which 

can especially complement multi-modal delivery. 

This paper concludes with a comment about the preference for blackboards, and the associated 

strong discipline culture. The authors were able to find sources which provided logical arguments 

supporting blackboard use, and socialised evidence supporting advantages such as speed, space, 

visibility and legibility (Greiffenhagen, 2014). Although such evidence is valid, the authors struggled 

to find direct evaluation of such advantages, and their implications for learning; either considering 

the medium independently, or comparatively against other media. Lew et al (2016) support the claim 

about lack of empirical evidence to support traditional mathematics instruction more generally, also 

demonstrating that what may traditionally be thought of as a good lecture may not have the intended 

learning value for students. The authors note an incongruity between the strength and breadth of the 

cultural preference for blackboard delivery, and a lack of empirical research to evidence its benefits.  

7. Appendix 

7.1. Survey 1 – breakdown of responses 

1 = Strongly disagree, 2 = Disagree, 3 = Neither agree nor disagree, 4 = Agree, 5 = Strongly agree 

          1 2 3 4 5 

The Tablet PC is an effective tool to present the 
material in the lectures or other in-person sessions. 1 0 5 6 9 
 
The use of the Tablet PC helped the lecturer to cover 
the material in an efficient way.  1 1 4 7 8 
 
The use of the Tablet PC encouraged me to pay 
attention to the material presented in the lectures or 
other in-person sessions. 

1 1 8 4 7 

 
The use of the Tablet PC helped me to understand the 
material presented in the lectures or other in-person 
sessions. 

1 1 7 4 8 

Table 1: Breakdown of responses for Survey 1 
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7.2. Survey 2 – breakdown of responses 

1 = Strongly disagree, 2 = Disagree, 3 = Neither agree nor disagree, 4 = Agree, 5 = Strongly agree 

          1 2 3 4 5 

The Tablet PC is an effective tool to present the 
material in the lectures or other in-person sessions. 3 1 9 23 30 
 
The use of the Tablet PC helped the lecturer to cover 
the material in an efficient way.  2 3 7 26 28 
 
The use of the Tablet PC encouraged me to pay 
attention to the material presented in the lectures or 
other in-person sessions. 

5 1 19 21 20 

 
The use of the Tablet PC helped me to understand the 
material presented in the lectures or other in-person 
sessions. 

2 4 11 29 20 

 

Table 2: Breakdown of responses for Survey 2 
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