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Digital Writing or Handwriting? Comparing quality of work when completing extended pieces of writing across all abilities for KS4 students.
Introduction 
[bookmark: _GoBack]Digital literacy is now a key component of the Welsh Government’s national mission (Welsh Government, 2017)to develop a fully functioning member of society. Exposure to the digital world is beginning, with tablet and computer educational sessions being widely practiced in primary schools. Furthermore, children of the modern-day household are becoming naturally adept at writing digitally, be it on their mobile phone devices and/or personal computers (Kiefer & Velay, 2016). 
At School X, pupils are encouraged to use digital tools to aid in their learning. This means that consequently most extended pieces of writing are conducted using a computer keyboard rather than the traditional style of handwriting using a pen and paper. During KS4, the average School X pupils digital exposure is even more common place. Therefore, a research question was designed with this in mind, “Do pupils write higher quality pieces of extended writing digitally or traditionally?” This action research will attempt to answer this question by comparing the work of a class of 28 Year 9s in the form of 2 essays, one written by pen and paper and the other via a keyboard. The class contains mixed attainment pupils which will allow a comparison. Furthermore, the class consisted of 19 boys and 9 girls. Within this study I will also attempt to analyse 3 different areas within this issue:
1. How does writing extended geographic answers digitally compare to writing traditionally for pupils of low ability?
2. How does writing extended geographic answers digitally compare to writing traditionally for pupils of high ability?
3. How boys and girls compare in results/length for the 2 methods?


Literature Review
Multiple studies support the idea of learners writing higher quality pieces of work when using digital methods, however there are also several studies that argue against this. This section will identify key research already undertaken, these research projects will then be critically evaluated against other comparative and differing sources. 
Essentially, the research materials available in relation to the idea of comparing handwriting against digital writing can be categorised into 3 perspectives; Cognitive-psychological perspective, Neuroscience and learning perspective and finally the Socio-cultural theoretical perspective of learning (Wollschied , et al., 2016). 
The cognitive- psychological aspect of writing involves 3 components that draw on the same mental processes, put otherwise as cognitive resources, resources that are in principle finite in nature (Graham & Harris, 2006). Therefore, an increase in the resources that are required during tasks such as physical hand writing limit the amount available to the other parts of the brain, implying that during transcription your brain isn’t as capable to correlate thoughts.  It is implied that writing with a keyboard frees up these mental processes allowing for composition of higher quality pieces of work (Hayes & Berminger , 2009). It is argued however that it is not as simple as ‘handwriting uses more mental processing power than typing’ as suggested by Hayes and Berminger (2009). Evidence suggests that continued exposure of each writing style increases proficiency using that style, be it handwriting or keyboard writing. In other words, writing more with a keyboard increases your key board writing skills (Christensen, 2004) and alternatively increased handwriting improves handwriting capability (Jones & Christensen , 1999). When considering the idea that the modern-day student has much more exposure to writing digitally than previous generations there is support of the work of Jones & Christensen (1999), specifically by the work of Dahlström and Bostrom (2017). It was observed that pupils writing digitally were able to write far more extensive and higher quality pieces of extended writing.  In summary, with the increased exposure to either writing style (the mechanical demand of writing) eventually leads to higher mental capacity (Berninger, et al., 2009) in that writing style. Wollschied et al (2016) conducted a review of several cognitive-psychological studies carried out in various countries. In summary the findings of the studies concluded that overall, there were higher quality pieces of writing when writing via pen and paper and even more predominately so for essays. The results however were inconsistent in respect to pupils ages, discovering that studies focused on older pupils performed much better when using digital based writing (Wollschied , et al., 2016). This may imply that the additional exposure to digital writing methods throughout a pupil’s adolescence could account for this transition in ability, put simply because the pupil has used a keyboard for a longer time and more regularly than pen and paper. An idea that further promotes the validity of the cognitive-psychological reasoning on why pupils may write better with a word processor than with a pen or vice versa(Wollschied , et al., 2016).
The second perspective is known as the Neuroscience and learning perspective (Wollschied , et al., 2016). Within this perspective it is argued that the physical printing of letters by hand leads to increased stimulation and perception in comparison to typing. (Wollschied , et al., 2016). James and Engelhardt (2012) support this, implying that there is a larger amount of brain activation in the left side of the brain during letter perception than those who had not had sufficient physical letter printing practice. This is supported by Longcamp et al (2005) who state that writing movements (the physical action of moving your hand to form a letter) appear to aid in the memorization of information. Longcamp et al (2005) continues to imply that using the “readymade” letters of a keyboard hinder this process and as such has an adverse effect on the writing capability of the pupil. This is further supported because it is implied that there is no ‘graphomotor component’ used as suggested by (Mangen & Velay, 2010). The limitation of this research is that you need access to specialist scientific equipment to monitor brain activity when conducting the study, enabling the researcher to present a valid argument. These equipment’s are not only expensive, but they are also items of intense ethical debate, especially when vulnerable young people are the primary focus of the study. Therefore, it can be surmised that these studies require extensive funding and rigorous authorization from governing forces, both of which are understandingly unattainable for a PGCE student during his/her placement.
Thirdly the Socio-cultural theoretical perspective of learning has research associated that contradicts the reasoning behind the previous two perspectives, also attempting to illuminate why children may write differently depending on the transcription method (Wollschied , et al., 2016). It considers that not only the social context of the learning environment but also the pupils previous skills, experiences and interactions (Bruner, 1996). It is suggested that in today’s world pupils have far more experiences writing digitally through the authoring items such as blogs and emails (Merchant, 2007) and thus increasing their exposure to digital transcription. Furthermore, it is vital to consider that within this perspective, the extended writing is impacted on by the social environment such as interacting with peers/teachers within the classroom (Hultin & Westman, 2013). This is further supported by the work of Genlott & Grönlund, 2013. In my opinion the limitations of these sorts of studies are that they require lengthy periods of study, collecting vast amounts of data and conducting multiple observations throughout a period of years. I believe this is the only way to enforce the results of a socio-cultural theoretical study. 
A study conducted by Dahlström and Boström (2017) looked at the advantages and disadvantages of using digital writing in comparison to traditional handwriting potentially fitting within the cognitive- psychological aspect. After analysis it was discovered that students who wrote digitally displayed higher level grammar and vocabulary skills compared to those who handwrote (Dahlström and Bostrom, 2017). Far more extensive pieces of work were witnessed with a higher linguistic capability when taking advantage of digital aids like speech synthesis for the pupils who are of a lower ability. It is however important to note that there was no significant change with the pupils of higher ability, in both the length of their work and their grammar/vocabulary (Dahlström and Bostrom, 2017). Therefore, it is implied that using digital scaffolding such as using a word processor for low ability pupils allows for opportunities for achieving a much higher grade and as such, greater success. However, Muller & Oppenheimer (2014) argues against this, insinuating that the range of redundant words increased for pupils when writing digitally. Muller and Oppenheimer (2014) continue to imply that digital based writing has an adverse effect on the ability to remember what it is the pupils are attempting to author, potentially weakening educational worth of said scaffolding tools. In their study they discovered that pupils who took notes using a computer displayed far more extensive note taking but the notes themselves were of little use educationally. The pen and paper pupils on the other hand displayed far deeper understanding of the topic through their notes by displaying traits such as paraphrasing and summarising (Mueller & Oppenheimer , 2014).  Similar arguments can be implied into the process of essay writing. 
It is however suggested that this method of writing offers increased independence for the lower ability pupils. Dahlström and Bostrom (2017) argue that with the use of the digital aids such as speech synthesis, the lower ability pupils were able to complete the task with minimal assistance from the teacher. Furthermore, the work of (Genlott & Gronlund, 2016) supports this finding that the variety in the resources (reading and writing) displayed an overall improvement in independence and motivation with the lower ability pupils, developing skills far beyond writing. 
There is also the aspect of which method has the higher writing speed when used by pupils. In exam/assessments the time allocated to convey your knowledge can be an extremely stressful situation for the pupil during these times. It is often the case that this stress can lead to a panic during said assessment causing the structure and content of the pupils writing to suffer. In the context of writing digitally it has been suggested that pupils are able to write much faster when typing than handwriting (Mangen & Balsvik, 2016; Weigelt-Marom & Weintraub, 2018). Weigelt-Marom & Weintraub (2018) continue to point out that pupils with SLD (Severe learning disabilities) were able to write much faster and of a much higher quality when using digital methods such as touch typing, displaying very similar results to that of Dahlström and Bostrom (2017). The underlying principle of touch typing is that users typically type whilst looking at the monitor rather than the keyboard. Therefore, focusing on the production of the text rather than the individual words, thus having a faster writing speed by minimising attention to typing process (Johansson, et al., 2009; Trubek, 2011). It is further implied that students of lower ability could benefit from the use of digital writing to aid in their spelling and grammar through the use of spell check, allowing the learners to independently assess their work and learn the correct spelling/grammar (Batorowicz, et al., 2012; Berger & Lewandowski, 2013). Berninger et al (2009) and Connelly et al (2007) argue against the speed of typing, suggesting that their study had found that pupils keyboarding speed were much slower than their handwriting speed, reiterating that digital writing is not yet universal (Berninger, et al., 2009; Connelly, et al., 2007). This potentially reinforces the aspect of the cognitive-psychological perspective of writing, meaning that increased exposure with a writing style (digital or handwriting) improves speed and capability with that specific writing style (Christensen, 2004). 
It is noteworthy however that no long-term effects were measured within these studies. If the studies were conducted over a period of a few years. Perhaps the ability to write on a keyboard has a much lower maximum ability level in comparison to handwriting. What I mean by this is that physical handwriting is sometimes considered an art as far as calligraphy is concerned. So, it may be implied that pupils with or without SLD may very well be able to surpass their keyboarding speed with years of exposure or practice, something that, at least as far as my research is concerned, has not attempted to answer other than in the socio-cultural regions of study, which are limited to specific age groups (Merchant, 2007; Hultin & Westman, 2013). This is partly the reason why my research sample class was centred around year 9’s (14-year olds). Most of the studies mentioned have either examined younger participants such as 7-11-year olds (Dhalstrom & Bostrom, 2017; Genlott & Gronlund, 2016) or students in higher education (>16 years old) (Mueller & Oppenheimer , 2014). In my opinion, it can be implied that the younger pupils have not had sufficient exposure to digital based media outside of the realms of tablets for video playback (e.g. YouTube) and leisure at this age. The older pupils may not have had the same level of digital learning within school as seen during the last few years. Therefore, it can be suggested that most higher education pupils would not have had the same level of digital tools available to them as the average pupil of today. Therefore, to attempt to combat these issues it was decided to conduct research in between these two age ranges, looking at pupils who have had significant exposure to the digital world during their youth but also having a strong emphasis on becoming digitally literate throughout their school life. This is partly due to the incorporation of the Welsh Government’s national mission to promote digital literacy as a skill with the same level of importance as literacy and numeracy within the last five years, attempting to create the digitally capable citizen of the future (Welsh Government, 2017).
Furthermore, there is also the aspect of how gender differences contribute to writing ability, specifically how do girls and boys compare when writing digitally and traditionally? It has long been debated about the overall reduced writing ability for boys when compared to girls (Williams, 2017). One study conducted by Dixon Et al (2005) identified that boys who write via computer were capable of an 83% increase in word count for their essays when using the computer. Furthermore, boys had an overall increase in the number of marks achieved, suggesting that computers have a ‘remediating’ effect on males. (Dixon, et al., 2005). This is further supported by Kerr and Cohn (2001) who suggest that a boys intellectual development may outpace his motor skills, essentially implying that the boy cannot make his hands do what his brain is instructing him to do, put simply the male pupil cannot write as fast as he can think (Kerr & Cohn, 2001). This contradicts the argument put forward by Muller and Oppenheimer (2014) who imply that longer pieces of writing conducted on a PC are not of a higher quality, but this conclusion was suggested from data of both genders which enhances its counter- argument. It is suggested that girls on the other hand have a consistent approach across both styles of writing, writing similar lengths of work at a similar standard (Dixon, et al., 2005) supporting the argument of Muller Oppenheimer (2014). It is important to note that the Dixon et al (2005) study was focused around pupils of higher ability and not the whole spectrum of ability found within the average secondary school. This suggests that results are quite limited in their findings when trying to answer the overarching question of which of the two writing styles is the superior. However, it can be implied that the girl’s results, being those of higher ability pupils, support the idea that higher ability pupils do not benefit from the writing style used and instead produce consistently better quality than those of lower ability (Dhalstrom & Bostrom, 2017). Finally, when it comes to the boy’s performance the work of Dhalstrom and Bostrom (2017) can be criticised because they suggest that all higher ability pupils do not benefit from writing digitally whereas the work of both Dixon et al (2005) and Kerr and Cohn (2001) contradict this. 


School Policy and Practice 
School X is actively engaging in remoulding the school’s way of teaching and learning in accordance with the welsh national mission (Welsh Government, 2017) and the successful futures curriculum. The humanities department has specific goals associated with the improved application of the DCF throughout the 3 subject areas (Geography, History and Religious Education). They have one clear aim, to make pupils more digitally literate (Appendix ) thorough the use of digital devices. This study could prove beneficial to the school development plan because the results can help to establish a potential direction for the department. For example, if the results were to show that pupils write better essays with a keyboard then future essays written within the department should be in this format. There are no references to literature within the DIP suggesting that these aims could not be research based. However, school X could link the DIP to several literatures. For example, when promoting differentiation within the department it could be decided that low attaining pupils could take notes and complete work via a laptop to aid in constructing higher quality pieces of work (Dhalstrom & Bostrom, 2017; Genlott & Gronlund, 2016). Furthermore, one other aim of School X’s DIP  is to improve the number of pupils achieveing A-C grades. The use of ICT has been shown to aid in closing the gap between low attainers and high attainers (Genlott & Gronlund, 2016). Genlott & Gronlund (2016) also identifed an increase in both the literacy and numeracy of the pupils when ICT enhancement was used during lessons. This is another issue identified within the Humanities DIP, stating that they want to increase skills levels for MAT pupils. This could be acocmmplished partly by using  digital tools during lessons. 
Methodology 
Primarily my data collection methods were of a quantitative nature. This involved collecting several data sets and results of a numerical format to attempt to draw explanations and conclusions to answer my specific question (McLeod, 2017). Firstly, one reason I decided to opt for Quantitative research is that it can be interpreted by statistical analysis, implying that it is scientifically objective (Carr, 1994; Dencombe , 2010). Secondly using software’s such as excel, quantitative data has a much faster processing time (Antonius , 2003) which was a primary factor due to the limited time for completion of the project. Quantitative research is not without its limitations, it is suggested that for quantitative to have validity an extremely large sample size must be used (Dencombe , 2010) something that I was not able to accomplish because of the little time and resources at my disposal. However due to the benefits of quantitative studies and my own scientific background the decision was made to collect primarily statistical data. This was then interpreted and processed to create several charts for analysis. 
To do this, it was decided that the pupils were to write 2 essays; one with pen and paper and one with keyboard. Due to time constraints and other commitments, pupils wrote both essays over the course of a double lesson, the first essay being on keyboard in the first hour and the second lesson spent writing the pen and paper variant. This allowed me to collect most of raw data within a single session and minimised disruption to the pupils learning. However, this method was flawed because it was visible that fatigue occurred within the pupils and thus had the potential to affect the validity of my results.  
For both essays pupils were provided with a briefing sheet (Appendix X) to inform them of the rules set out for the milestone and for each question. Furthermore, within this brief there was a guide to authoring each essay to ensure lower abilities had the differentiation needed to structure their answers. Pupils were also allowed to use their book to help identify the content needed for each question. The two questions were designed around the topic of flooding and were as follows:
1. Describe and explain the human and physical factors that may cause flooding. (10 marks)
2. What are the social, environmental and economic effects of flooding and how do these affect humans/animals? (10 marks)
Of the 10 marks available for the question, 8 were assigned to content and 2 were assigned towards spelling, punctuation and grammar (SPAG). Content marks were awarded for identifying a key aspect of the question (1 mark) and then explaining this aspect for an additional mark. SPAG marks were awarded for the inclusion of a clear introduction, main body and conclusion as well as the overall spelling and grammatical quality of the essay. The total marks were calculated as a total from the two questions out of 20. Following this, grade boundaries were discussed with the mentor and assigned as follows:
A*: 18-20 
A: 16-17
B: 14-15
C: 12-13
D: 10-11
E: <10
After completion of the two essays, both digital and handwritten essays were collected for analysis. The digital essays were marked by myself and then to reduce workload under strict time constraints it was decided that my mentor would mark the paper essays. After the marks for both essays were calculated and a grade attributed to the overall milestone assessment, the essays were then returned to the pupils who participated whom in turn completed the pupil evaluation sheet to gather opinions. 
The two essays were analysed by me to identify the word count and the number of sentences which were then averaged to produce an average number of words per sentence. This enabled me to gain a brief overview of how each essay was written structurally, a similar method was used by Dhalstrom and Bostrom (2017). Word count for the digital essays were counted using the word processors automatic counter and sentences were then counted by hand. For the paper essays both word count and sentences were counted by hand, breaking the count into paragraphs to minimise error. This was done twice for both the paper and digital essay to avoid a miscount. This may have reduced the reliability of the results because of the element of human error. The work of Dhalstrom and Bostrom (2017) retyped all hand-written essays to be processed by MySQL, however I did not have access to this software so counting by eye was the only option. 
Elements of Qualitative study are present within my research. There are several benefits associated with qualitative data, mainly its usefulness in proposing possible relationships between the quantitative data and the real world. This in turn helps to understand the ambiguities in the data when considering the real-world picture (Dencombe , 2010).  One issues with qualitative data is in its difficulty to be repeated in future studies, affecting the validity of the findings (McLeod, 2017).  This was achieved in the form of naturalistic observations. These types of observations enabled me to observe the pupils during the 2 essays and note any frustrations/patterns during the process. For instance, during the paper essay many pupil’s hands began to cramp, something not witnessed during the PC essay. A strength of this type of observation is that it promotes greater ecological validity (McLeod, 2017) because it enables the researcher to observe the flow of behaviour during the task. It is however only suited to small sample size studies so cannot be a generalized finding applying to the whole of society (McLeod, 2017).  This was useful during my action research because my sample size was relatively small, and it enabled me to gain further insight into the emotional and physical aspects of writing the 2 essays. 
With the addition of using naturalistic observations within my study it was possible to achieve what is known as triangulation of data. It is vital element when conducting any form of research because it allows the user to draw extensive conclusions from their results. This is because a singular method cannot ‘form a comprehensive account of the phenomenon under investigation’ (Torrence , 2012). The use of data triangulation therefore strengthens the argument and relevance of any study and promotes a greater reliability of said study’s findings. 
Ethics
Prior to the completion of my ethics form I undertook extensive reading to ensure that I understood the procedures required when conducting a research study and how best to protect my participating pupils. This included but was not limited to the BERA Guidelines (2011), guidelines that proved very useful when considering my research approach. 
The section on voluntary consent was the initial procedure that I had to consider within my project. Due to the existence of the Memorandum understanding between partnership schools and SWWCTE, which enables trainee teachers to conduct action research on pupils with only their approval required, therefore parental consent was not needed for this study. However, due to the age range of the pupils taking part within the research they would be categorized as “vulnerable young people” (BERA, 2011). It was then decided that pupils were to be given the choice of whether to take part in the study using a consent form. Within this consent form pupils were given a brief overview of the intentions of the study and their role within the study, emphasizing their right to withdraw before, during and after the research. 
Secondly, I had to ensure my pupils did not feel as though they were being isolated. Initially the study was to incorporate two classes for the study, however due to timetabling issues and other commitments only one class were able to partake in the study. To minimise the risk of pupils feeling isolated, the research task of two essays was incorporated into the department’s milestone system and as such was used as the basis for the end of topic test. The other class, of which is behind in terms of the scheme of work, will still undertake the same style of test but the data will not be used within this study. This in term has had a negative effect on my research potential, due to the smaller sample size. 
Finally, when gathering pupil’s opinions, the method of interviews was not used because it is suggested that individual pupil interviews can cause stress and anxiety levels within the participant to increase (Hammersley & Traianou, 2012). Therefore, post-test I conducted an open class discussion to gather the overall opinions within the class from those willing to share, taking notes of some key statements mentioned by the pupils. Furthermore, small feedback sheets were handed out to the class to provide their preference in writing style and in question choice. This allowed those pupils less willing to publicly share views to do so without being concerned of the views of their peers. There are arguments against group discussions as it is suggested that the dynamic of the group could potentially skew my observations because some members may be more dominant in the discussion than others. Furthermore, discussions may become heated and as such members may feel ridiculed (Drever, 2003; Kellet, 2005). I decided not to rule out group interview/discussion because one advantage is that it is possible for information to come forward from some members who feel passionate about a given area (Kellet, 2005), enabling me to tailor my small feedback sheets to address this. 
Results
It was decided that there would be 3 types of chart used to present the findings of the study.  The word count and marks were plotted against pupil ID numbers using bar charts.  The word counts were also plotted against marks attained using a scatter graph.  Finally, the pupil preferences in both the question and the style of writing were plotted using pie charts to show a percentage. The results are as follows:
	Assigned number
	Essay 1 mark out of 10 (PC)
	Essay 2 mark out of 10 (Pen)
	Total out of 20
	Grade
	Word Count (PC)
	Word Count (Pen)
	Sentence Count  (PC)
	Sentence Count (Pen)
	Average word per sentence (PC)
	Average words per sentence (Pen)
	Preference in style Pen or PC
	Preference in question (1 or 2)

	1
	6
	10
	16
	A
	282
	237
	14
	11
	20.14285714
	21.54545455
	PC
	2

	2
	9
	10
	19
	A*
	373
	302
	13
	9
	28.69230769
	33.55555556
	Pen
	1

	3
	8
	10
	18
	A*
	445
	365
	16
	14
	27.8125
	26.07142857
	Pen
	2

	4
	6
	10
	15
	B
	237
	313
	8
	15
	29.625
	20.86666667
	Pen
	2

	5
	6
	10
	16
	A
	266
	342
	11
	19
	24.18181818
	18
	Pen
	1

	6
	8
	10
	18
	A*
	449
	421
	12
	17
	37.41666667
	24.76470588
	Pen
	1

	7
	8
	10
	18
	A*
	409
	311
	13
	12
	31.46153846
	25.91666667
	PC
	1

	8
	9
	5
	14
	B
	290
	263
	14
	12
	20.71428571
	21.91666667
	PC
	1

	9
	6
	8
	14
	B
	356
	334
	13
	23
	27.38461538
	14.52173913
	Pen
	2

	10
	4
	4
	8
	D
	304
	91
	13
	7
	23.38461538
	13
	PC
	2

	11
	7
	5
	12
	C
	353
	277
	13
	16
	27.15384615
	17.3125
	PC
	1

	12
	6
	9
	15
	B
	554
	441
	13
	24
	42.61538462
	18.375
	Pen
	2

	13
	9
	9
	18
	A*
	535
	500
	24
	22
	22.29166667
	22.72727273
	PC
	2

	14
	7
	10
	17
	A
	509
	239
	13
	13
	39.15384615
	18.38461538
	PC
	2

	15
	8.5
	9
	17.5
	A
	488
	332
	25
	15
	19.52
	22.13333333
	PC
	1

	16
	5.5
	6
	11.5
	C
	371
	327
	7
	13
	53
	25.15384615
	Pen
	1

	17
	8
	10
	18
	A*
	398
	335
	13
	11
	30.61538462
	30.45454545
	PC
	2

	18
	10
	10
	20
	A*
	261
	192
	13
	15
	20.07692308
	12.8
	Pen
	2

	19
	6.5
	6
	12
	C
	267
	296
	12
	9
	22.25
	32.88888889
	Pen
	1

	20
	7.5
	9
	16.5
	A
	430
	398
	13
	11
	33.07692308
	36.18181818
	PC
	2

	21
	7
	7
	14
	B
	378
	262
	17
	17
	22.23529412
	15.41176471
	Pen
	2

	22
	7
	7
	14
	B
	290
	379
	6
	6
	48.33333333
	63.16666667
	Pen
	2

	23
	9.5
	9
	18.5
	A*
	464
	437
	13
	14
	35.69230769
	31.21428571
	Pen
	2

	24
	5
	8
	13
	C
	221
	199
	11
	8
	20.09090909
	24.875
	PC
	1

	25
	9
	9
	18
	A*
	381
	239
	12
	13
	31.75
	18.38461538
	PC
	1

	26
	9
	10
	17
	A*
	543
	424
	20
	21
	27.15
	20.19047619
	Pen
	2

	27
	5
	9
	15
	B
	480
	293
	15
	12
	32
	24.41666667
	Pen
	2

	28
	9
	10
	19
	A*
	298
	290
	16
	15
	18.625
	19.33333333
	PC
	1


Table 1 Raw data and processed results of the study.

Whole Class Word CountFigure 1 Graph displaying total number of words for each format of writing

Figure 1 displays the word count across the 2 methods for the whole of the sample class. One common trend that is immediately identified is that all but four (pupils 4,5,19 and 22) pupils wrote more words digitally than traditionally. Similar results were found with the work of Dahlström and Bostrom (2017) who also identified that almost every pupil wrote much lengthier extended pieces of writing via keyboard. This could also be attributed to the work of Hayes & Berminger (2009) who argue that wirting via a keyboard is less mentally demanding than writing with pen promoting the idea of ebing able to write much more because of the keyboard input. However, it was clear during my observations that pupils displayed  much higher levels of fatigue during the paper essay. This could imply why there were more words via the PC method than pen method because some pupils may have been tired from the first essay. Finally, during the paper essay observations were made concerning the fact that multiple pupils hands begun to cramp. This potentially may have caused the pupils physical distress and thus suggests another reason why the word count may have been reduced in number.


Low Grade Attainment PupilsFigure 2 A graph displaying the word counts for both the PC and Pen essays for low attaining pupils

The next section specifically examines the results of those pupils who attained weaker marks over the course of the 2 essays. This area provides some very insightful findings. Firstly, Figure 2 shows the marks of the pupils who achieved grade C or below (<14/20) out of the entire class, only four pupils were identified to be attaining at this standard after the assessment had completed.  
It is noteworthy that three out of the four pupils had achieved higher/similar marks when writing with a keyboard compared to that of a pen, with pupil 16 only achieving half a mark more in the second essay (pen). It was also witnessed that pupils who admittedly attained lower grade had far greater linguistic capability in their writing, a result also identified within the work of Dhalstrom & Bostrom, 2017. Pupil 11 performed much better in the keyboard question than in the paper question, which was also the preferred format (Figure 7) of writing and preferred question (Figure 8). Furthermore, the sentences within the PC question was found to be much longer in length at 27 words per sentence (Appendix ) compared to the 17 words found in the Pen question. This suggests that the pupil’s thoughts were able to flow onto the screen in much larger intervals and more coherently using connectives more than they could on paper (Dixon, et al., 2005; Kerr & Cohn, 2001).  Pupil 10 had an equal mark of 4/10 for both the PC and Pen question (Figure 2), initially implying that there was no difference in quality between the 2 answers. However, upon data processing it was found that pupil 10 wrote only 91 words during the pen question, whilst 304 words were written for the PC question. In fact, the upon analysis the PC question had a much more defined structure, including an introduction and main body. Furthermore, much deeper thinking was also demonstrated throughout the second section of the answer, focussing on the effects and solutions to flooding. These sections did not actually answer the question, which was focused around the causes of flooding, so consequently no marks were awarded for this study. Therefore, it can be concluded that even though the number of words written increased, so did the number of redundant words, a result that coincides with the work of Mueller & Oppenheimer (2014), something that aslo happpened with pupil 16. Additionally, there was much less enforcement from myself and the mentor when attempting to convince pupil 10 to engage in the task during the PC question.  It was observed that pupil 10 had much more focus and independence during the PC question, an observation that is supported the work of Agélii Genlott and Grönlund (2013) and Dhalstrom & Bostrom (2017). On the other hand, the paper question was much more difficult for the pupil to interact with, displaying disinterest in the task and  exhibiting very minimal effort to answer, illustarted by the number of words written in figure 2. It is also interesting that even though pupil 10 engaged with the second question less so than the first it was still the prefered question of the two (Figure 8). This implies that it was not a sufficient lack of knowledge that attributed to his poor comparative word count, a suggeston supported by the marks achieved in the question (Figure 2) but potentially more so the method of writing. Figure 3 Graph displaying low attainment marks for each method of writing.

High Grade Attainment Pupils Figure 4 Bar chart showing the marks awarded for high grade attaining essays

This section will examine key results found post-analysis of the data collected from high grade attaining pupils (>14/20 marks). Firstly, figure 4 displays the marks award for most of high attaining pupils are much higher for the hand-written essay. In fact, only 2 pupils (pupil 8 and pupil 23) performed better on the digital essay.  Furthermore, only 1 PC essay was awarded the total marks of 10 whereas the paper versions had 10 pupils attaining this level of marks. It is clear by this that the higher attainers of the sample performed much better on the paper essay question than the PC, implying no clear advantage to using a keyboard over a pen. These results can be compared with the work of Dhalstrom & Bostrom (2017) who also identified that during their research pupils of higher ability did not seem to perform better when
writing digitally and instead performed much greater writing with a pen. The results could also be attributed to the premise of the Neuroscience and learning perspective. This implies that during the pen essay, pupils seemed to have higher levels of engagement with the task. Possibly eluding to the idea that there is increased brain stimulation and perception when physically handwriting (Wollschied , et al., 2016) compared to that of utilizing the readymade symbols found on a key board (Longcamp, et al., 2005). This is not the case for all high attaining pupils within the study. For instance, pupil 8 achieved an additional 4 marks in the PC question when compared to the paper question. Figures 7 and 8 shows that pupil 8’s question and method of preference were both the PC variants of the two, potentially implying that these marks are the product of personal preference rather than some deeper reasoning. However, pupil 8’s word count was similar across the two methods, achieving 290 words on PC and 263 on paper. This implies that pupil 8 was able to compose his thoughts with increased precision during the authoring of question 1 (PC), which is supported by the work of Dixon, et al (2005) even if I did not share the same result of said word count increasing significantly. Figure 5 Graph displaying the high grade attainers word count for both PC and Paper

There is strong support for the argument of Muller and Oppenheimer (2014) within the results of the high ability pupils. For instance, the increased word count for all but one of the high attaining pupils does not correlate with producing higher mark answers. This clearly suggests the use of increased redundant words within the essays. Furthermore, upon reviewing the PC essays it was clear that they were very well written in most cases but did not contain adequate levels of content. Much like the low attaining pupils, it appeared that the high attainers also went off on a tangent to increase their word count, crossing over into the effects and solutions territories of the topic within said essays rather than remaining within the causes section of flooding. Whether this was an issue with the lack of subject knowledge for the first question is unclear. All pupils did have access to their books to type this essay and therefore should have had sufficient content to compose the essay with. This could then suggest a loss of focus within the authoring of the first question which was evident during my observations. For example, pupils were far more restless during the first question, constantly looking around and becoming increasingly anxious as the clock counted down.  This was not as present during the second essay question when pupils were writing the with a pen. Therefore, it could be suggested that there was an element of the socio-cultural perspective at play, meaning that this increased restlessness throughout the pupils may have been a distraction within the classroom, causing pupils to lose focus and to inadvertently write content not pertinent to the question (Hultin & Westman, 2013). 
Another interesting finding was discovered within the results of pupil 14’s essays (figures 4 and 5), who wrote more than double the amount of words on PC when compared to writing with a pen but achieved full marks on said pen essay and only 7 on the PC. Furthermore, the average words per sentence for pupil 14’s PC essay was much higher than their pen essay, amounting to 39 words per sentence (average) compared to only 18 (average) on pen. This suggests that the pupil’s thoughts may have drifted off topic and struggled to make concise, coherent and relative points when trying to answer the question, further evidenced when marking pupil 14’s PC work. 
Comparison between Word Count and Marks AttainedFigure 6 Scatter graph displaying the relationship between amounts of words written and marks awarded. Polynomial trend lines with an order of 6 have been used to attempt in distinguishing a pattern. R sq values displayed for PC (0.2063) and for Pen (0.4126).

Figure 6 shows the comparison between words written and marks awarded for all pupils and across both writing methods. This graph was chosen to attempt in displaying/identifying a trend between the amount of words written and the amount of marks awarded, be it negative or positive. A polynomial trend line was used because the results are sporadic in nature (Microsoft Corporation , 2007), and even with an order 6 polynomial, no identifiable trend between word count and mark attained can be distinguished. This is further supported by the R squared values displayed within the scatter graph. Trendlines have an increased reliability the closer the R squared value is to 1 (Microsoft Corporation , 2007). The pen essay has a more of trend with the premise of increased words equates to increased marks, however this is only at an R squared value of 0.4126 (Figure 6). The PC essay however has minimal reliability, displaying an R squared value of 0.2063 (Figure 6). Therefore, this suggests that pupils who write more words don’t necessarily achieve higher marks, an idea that further supports the work conducted by Muller and Oppenheimer (2014) but contradicts the work of Dhalstrom & Bostrom (2017) and Dixon, et al (2005). In fact, this graph dislpays that none of the pupils who had achieved full marks on the pen question exceeded 450 words. This can thefore be summaised that when it comes to writing, quantitity does not equate to quality. 
Class Preferrences 

Figure 7 Pie chart displaying the preferred writing methods of the class
The results from the pupil evaluation sheet were processed and presented as two pie charts. It was found that from these results 54% of paticipants had a preferrence of wiriting with a pen rather than a keyboard (Figure 7). Secondly, 57% of pupils preferred answering the second question  over the 43% who preferred question 1 (Figure 8). This could possibly explain why there were generally better results for the second question written with a pen, because pupils stated that they found the second question easier and were more focused than the first.



Figure 8 Pie Chart showing the preferred question of the whole class
Boys vs Girls in digital writing and handwriting
Unfortunately, due to the restrictions on this assignment there are insufficient words available to accurately discuss the gender implications of this research project. I believe they would require deeper analysis not permitted within the scope of this assignment. As such I will not be discussing this further but have attached the results within appendix and have summarised the findings as follows in the hopes of further investigating this in the future. The results illustrated that most of both the boys and girls had written much more words on PC than with a pen. Both genders also performed better in the paper essay than the PC essay. Girls however were far more consistent in their marks across both methods, supporting the work of Dixon, et al (2005). However the boys results contradict the findings of both Dixon, et al (2005) and Kerr & Cohn (2001) who argue that boys write much higher quality pieces of work with a PC, which is the opposite of what my results show.
Evaluation of Practice
There were several flaws and decisions made that may have skewed/ affected the validity and reliability of the data presented within this study. Firstly, there is the aspect of the marks awarded to the pupils. Whilst it is clear from the results that overall, pupils performed much better when handwriting, it is important to note that the pen and PC essays were marked by different people.  The PC essays were marked by myself using Microsoft word and because of time constraints it was agreed that my mentor would mark the paper essays to reduce the workload of the study. This could explain why the results favour with the pen version as it may be suggested that I was the harsher/more inexperienced marker of the two. This in turn invites reduced reliability of the results, even though a mark scheme was used. The issue is with the differing opinions of what could be awarded as a mark, primarily because the mark scheme was heavily subjective and not concise enough to provide a complete guide on what was to be accepted due to insufficient time to collect and process the data.
Another flaw of this study was the method used to collect the appropriate data. This was because both essays were written by the pupils within the space of 2 hours. This in turn not only invites fatigue within the pupils but also risk the loss of concentration during the process. A more appropriate method to have chosen would have been similar in style to the work of Dhalstrom & Bostrom (2017) who chose to give the participants multiple essays to write over a longer period of time.  This also would have addressed the issue of pupils potential lack in experience of essay writing, something that was visible within some pupils work. 
Opting for a longer period of study would have also been beneficial in determining that it was not the question potentially causing discrepancies within the concept. Though this would ideally have been conducted over a period of possibly a year, implying the possibility of deep insight into the intricate processing involved when a pupil writes a piece of work. It is implied that short periods of study can be misleading, drawing potentially incorrect conclusions form partially incomplete data (Pelton & Van Manen, 1996).
There were also technical issues during the data collection. Many pupils began writing their essay much later than some because of ICT difficulties. Some laptops failed to log on and there were also keyboard malfunctions during the process. It was clear from observations that this caused stress within the pupils, with some actively banging the keyboard in attempt to complete the work, implying frustration. 
Additionally, with one of the key questions attempting to identify the gender implication of the proposal, it can be suggested that the disproportional number of boys and girls affects the reliability. This is because the ratio of male and female participates were far from equal, with 19 boys and only 9 girls. Therefore, any conclusion made from the corresponding results is potentially not a true reflection of reality. This also brings me onto another issue which is the small sample size of the research. Small sample sizes can have multiple positives, such as less time to process the data, reduced workloads and an easier environment to control (Button, et al., 2013; Nelson, et al., 2011). However, it is widely accepted that small sample sizes can have an overall negative effect on a reasearh study. It is suggested that small sample sizes may reduce the statistical power of a study, reducing the chance of representing a ‘true effect’ (Button, et al., 2013).  In other words, the study cannot be accepted as a generalisation for the population. This issue was emphasised even more so  when analysisng trends in the female results because the sample size was only 9. Furthermore, with the study being primarily quantitative in nature, it can be suggested that the statistical significance of the study is weakened due to the limited number of data sets to interpret. 


Conclusion
The aim of this study was to identify and compare how KS4 pupils perform when writing essays in two different formats, firstly with a keyboard and PC and secondly with a pen and paper. It was decided to examine 3 aspects of this question, how high attaining pupils perform across both formats, how low attaining pupils perform across both formats and how gender implications of this study compare. 
Firstly, from the results from the processed data is clear one can suggest that overall low attaining pupils can write far more extensive pieces of work when using a PC. 75% of low attaining pupils wrote longer pieces of work using this method (Figure 2). This shares similar results to the works of Dhalstrom & Bostrom (2017) and Genlott & Gronlund (2016) who also concluded that there is a clear advantage for low attaining pupils when writing digitally. The results also argue that low attaining puils write higher qualily or at least equal quality essays when writing digitally (Figure 3). This again supports the work of Dhalstrom & Bostrom (2017) and Genlott & Gronlund (2016). It was observed that these pupils were able to display higher levels of concentration when writing digitally. This suggests that the when the pupils were writing with a keyboard they may have found it less mentally taxing, enabling them to produce better quality essays (Hayes & Berminger , 2009; Graham & Harris, 2006). However, these results have limited reliability because the sample size is too small to draw a precise conclusion and may not represent a true effect (Button, et al., 2013). 
Secondly, the results argue that there is no clear advantage that using digital writing has an impact on the work of high attaining pupils. Though the amount of words written on PC were higher in the majority, it is the opposite for the results of the two essay with hanwriting being the superior method. This supports the work of Mueller & Oppenheimer (2014) who found that high attaining pupils had an icreased of amount of redundant words when writing digitally, words that do not contribute to gaining a higher mark, a conclusion shared with the results of this study. In fact, it was discovered across both writing formats that there is no correlation between the amount of words with the amount of marks, implying that quantitiy does not equate to quality. Furthermore, during observations pupils of high ability displayed increased focus when writing the paper essay implying increased brain stimulation and concentration when handwriting (Wollschied , et al., 2016; Longcamp, et al., 2005). However, due to the essays being makred by two separate people it is possible that the validity of the findings within this study can be brought into question. Additionally, even though there was a larger sample than the low attaining  sample, it is still insufficent to have the statistical influence (Button, et al., 2013) to be widely accepted. 
The third research question focused around identifying the gender implication of how pupils write digitally and traditionally was not able to be investigated in great detail due to restrictions on the assignment. However, pleliminary results shows that overall boys were able to write improved essays with a pen and paper rather than the research suggested keyboard (Dixon, et al., 2005; Kerr & Cohn, 2001). Both boy and girls also wrote more words digitally than via PC, and girls were also more consistent with their marks across both methods (Dixon, et al., 2005). There is an overshadowing problem with the gender ratio of these results. One can  propose that because there were only 9 girls compared with 19 boys the results are not diverse enough to reflect a true conlusion.  
To summarise, the results of this study imply that writing digitally can have advantages when used by low ability pupils. However, it is suggested that high ability pupils perform better when handwriting. There is also no clear advantage to boys performing better digitally on a majority basis whilst girls perform similarly across both methods.  All of these results are subject to criticism for a number of reasons, primarily so because of the small sample size of the study, causing decreased validitiy and reliability of the results. Although, many findings in this study are supported by similar research implying that there is some element of truth within the results. 
Future Developments 
In future studies I would make several alternative decisions to better improve the quality of this study. Firstly I would adopt the larger sample size of other researchers (Dhalstrom & Bostrom, 2017; Dixon, et al., 2005; Mueller & Oppenheimer , 2014), allowing me to gain more reliable insight into what method of writing is the superior option on a metacognitive level. Furthermore, I would like to conduct this style of study over longer periods and alternate between the two methods during a full academic year. 
Despite the small sample size and numerous issues with this stud, overall, I am surprised at how informative it has been and I have realised how research informed classroom practice is the best way to promote success during a child’s education. The results of low attaining pupils display strong similarities to multiple studies of endorsed researchers and as such I will incorporate this within my future teaching. Giving the option for all low attainers to complete their work on PC will provide an  equal playing field when writing extended pieces of writing (Dhalstrom & Bostrom, 2017) aiding in closing the gap between the levels of attainment within a class (Genlott & Gronlund, 2016). 
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