PGCE Secondary Biology

An Investigation into whether revision games improve enjoyment and attainment in Science

1.0 Introduction 

This research project attempts to determine whether novel engagement strategies, such as the ‘Revisionopoly’ game designed for this experiment, have an impact on pupil’s attainment and enjoyment in Science revision. The school where the research was conducted is a medium sized Secondary school based in Swansea and is one of the most deprived areas in South Wales, with approximately 23% of children on the Free School Meals register (My Local School, 2018). The class is a GCSE Year 9 top set, whose ages range from 13-14 years old, who had just completed a mock Biology GCSE exam. The concept behind this research is based around these ideas; Children overseeing their own learning and improvement, increased enjoyment linking to increased attainment, and the use of novel engagement strategies as revision supplements. The need for children to become more involved with their own progression is discussed, and whether this awareness and involvement has any impact on their overall attainment in Science. For this study a new method was created, based off a board game, with elements of competition, prizes and past paper questions. The findings have shown that most pupils in the class enjoyed the ‘game’ as a method for revision, as well as it showing that it improved their attainment in a topic they were previously recorded as performing poorly at. This is discussed with references to other literature and evidence, and what changes could be made to strengthen this method as a revision tool. 


2.0 Literature Review

This review of literature focuses on several aspects that this study attempts to encompass. This includes the importance of enjoyment in the classroom and linking that to engagement in lessons, the importance of revision and different techniques used by schools, how games can be used as tools for learning, and the affect it has on pupils to oversee their own improvement.



2.1 Enjoyment and engagement in the classroom

One of the largest factors that was tested in this study was the element of enjoyment linking to engagement. There are several studies which have explored how enjoyment of a subject is intrinsically linked with a likelihood to further engage and perform within that subject (Jansen, et al., 2016; Kahu, 2013; Ainley & Ainley, 2011). This is the case for any subject, but this appears even more obvious in science. 

There is increasing emphasis being placed on the links between emotional enjoyment and engagement within schools (Gerda & Tina, 2014). These positive emotions have an important aspect when looking at student engagement and motivation. In fact, the link between emotions (such as fun and enjoyment), engagement and learning are described as a reciprocal and complex flow of influence (Kahu, et al., 2015). Positive emotions can lead to ideal levels of engagement, whereas on the flip-side negative emotions can lead to eventual total disengagement from the subject (Kahu, et al., 2015). It is also described as being a cyclical process, with enjoyment creating a likelihood of increased attainment, but attainment also meaning that it is more likely that the subject is enjoyed (Gerda & Tina, 2014).

‘STEM careers and the opportunities they generate are important drivers of social mobility in our society’ (Stem Careers Review, 2010).

Thus, the UK Government has placed a huge degree of importance on STEM subjects (Stem Careers Review, 2010; Roberts, 2002), but this does not seem to be translating for those who would pursue these areas as future careers. So, what is the problem and how can we fix it? 

Evidence has suggested that students in the UK find the sciences difficult (being described as the least likely subject to be classified as easy by students (National Foundation for Educational Research, 2012)), uncreative (Institute of Mechanical engineers, 2012) and that they do not recognise its importance in terms of the transferrable skills (Kudenko & Gras-Velázquez, 2016). Only 17% of children aged 10-11 describe themselves as aspiring to have careers in the STEM subjects, even despite the majority rating a high level of enjoyment for Science (Archer, 2010). The difference is incredibly noticeable when those same children make the jump from Primary to Secondary, with their enjoyment for the subject diminishing as they progress through the school (Galton, 2009). It has been determined that children as young as 14 can feel totally disengaged from science (Institute of Mechanical engineers, 2012). Research has suggested that children are disappointed in science as a subject in secondary school (Galton, 2009), believing that it would be more exciting and practical. It has also been determined that from the age of 14 this negative attitude towards science can carry on to later life (White & Harrison, 2012). This research is troubling, considering the above emphasis that the UK has placed upon STEM (Science, Technology, Engineering and Maths) careers (Stem Careers Review, 2010).

This growing research to address the need for a method to increase levels of engagement in science, stems from the mounting evidence to suggest a decline in the interest of young people to pursue careers in the field of science (White & Harrison, 2012), and this is further troubled by an increase in scientific ignorance amongst the general populace (Osborne, et al., 2003). This is particularly true of girls, with them showing a much more drastic decline in attitudes towards science as they progress through school (Barmby, et al., 2008). There is also still a discrepancy in the views of some sciences being seen as ‘male only’ domains by many young girls (The Royal Society, 2004), and boys showing an overall greater interest in science (Parkinson, et al., 1998).

So, what is engagement? Engaged learners are psychologically described as being intrinsically motivated by curiosity, interest and enjoyment. They are more likely to want to achieve their own personal goals and demonstrate an increase in behaviours such as enthusiasm, concentration and effort (Osborne, et al., 2003).

Engagement can be described as an active process, it requires the learner to be attentive, committed to their task, and they must find some inherent value in what they have been asked to do (Sinatra, et al., 2015). The difference between an engaged and a disengaged learner, is that the engaged learner will not only complete the task but do so with enthusiasm and diligence. They complete this task as they believe there is a higher, end-term goal that is of value to them (Jablon & Wilkinson, 2006). 

As engagement in schools looks to be a prevalent problem, it is key to look at other areas which have the element of engagement and entertainment refined to a fine art. Therefore, many institutions (including schools) are now looking to the computer or video game genres to develop an increased level in engagement (Dickey , 2005), a process coined ‘Gamification’ (Kapp, 2012). (This is discussed further in section 2.3). 
2.2 Revision

Revision is a term which can apply to simply going over information before a lesson, or cramming it in before an important exam. Revision is an important topic, as not only can it determine the final grade of a student, but also because of the pressure and stress it places upon them (Putwain, 2011). It is obviously just as important to the schools, as these grades determine how successful a school can be perceived to be (Department for Education, 2018).

Many a reader will likely recognise some of the following methods; lots of highlighting, writing out keywords, endless reading and note taking, and perhaps lunch or after school revision sessions. However, do students find these activities particularly engaging or helpful?

It is important to note that revision has changed drastically, as the world of the internet has opened a wide array of possibilities for students to explore, rather than simply using books (Guarino, et al., 2014). With this change in how pupils and teachers can engage with the world around them, it is no wonder that institutions, including education, have delved into the gaming world for methods to improve engagement and attainment (Elenri, 2013). Studies into vocabulary retention using games have shown that these short, sharp revision sessions have a profound impact on the children’s ability to recall words (Tuan, 2012). It isn’t too much of a stretch to assume then that using games or game like methods in revision, could improve results and engagement for students elsewhere in school settings (Cronk, 2012; Dickey , 2005).  

An interesting area which could be explored further, is the differences shown between revision strategies and effort between boys and girls. Some studies have suggested that boys are more conscientious, but revise for less time, than girls (Rodgers & Hallam, 2016). 


2.3 Gamification

Gamification is a term which can be defined as “using game-based mechanics, aesthetics and game thinking to engage people, motivate action, promote learning, and solve problems” (Kapp, 2012). There are three defined types of gamification, named external, internal and behavioural change gamification. Educational gamification falls within the behavioural change category as it is designed to form habits (Werbach & Hunter, 2012).

When using the term gamification, educational systems already have game like tactics in place to engage students. Whether this is a points-based achievement or behavioural system, or a levelling up style grading system. However, it is apparent that this seemingly gamified approach does little to enthuse or engage students, whereas the use of games, video games and the virtual world does (McGonigal, 2011). Evidence for the level of engagement in these activities is clearly demonstrated by the 28 million people harvesting crops in Farmville every day  (MASHABLE, 2010), or the 5 million people playing World of Warcraft for over 40 hours every week (Blizzard, 2010). Why then do schools not get this level of engagement and commitment from their seemingly already gamified system? Engagement is one key area within the classroom that many schools still struggle with (McGonigal, 2011), if they cannot be engaged, how can they learn? It is clear then, that the presence of game like features does not directly translate to engagement, enjoyment or attainment within schools. So, how can we use gamification correctly within the classroom?

Gamification has been an element of increasing curiosity when it comes to implementing into teaching and has been discussed by several authors. There has been the suggestion that there are emotional, social and cognitive benefits of gamifying the classroom (Lee & Hammer, 2011). Other authors, such as Stott & Neustaedter (2013), looked at other literature and determined that there were four dynamics of gaming which had proven to be the most successful in an educational context. These were the freedom to fail, the delivery of rapid feedback, a sense of progression and the medium of story-telling.

There are several examples of in-house projects regarding this topic, including ‘Quest to Learn’, where a New York City school gamified their entire curriculum in 2009. This system was designed with teachers and designers working together, which created a feedback-rich challenge-based approach for students to learn and progress (Sheldon, 2011; Deburr, 2013; McGonigal, 2011; Renaud & Wagoner, 2011; Lee & Hammer, 2011).

Gamification has also been used to improve both grades and attendance in a gamified classroom by implementing experience points, avatars, boss fights and quests into the lessons (Sheldon, 2011). It has also been used with success to increase the level of college student’s levels of class discussion, by using a visual virtual tree and points-based system (Cronk, 2012).

Alongside gamification is the implementation of competition. The biggest concern regarding competition in a classroom setting is the development of negative emotions, and as discussed, negative emotions can lead to disengagement (Kahu, et al., 2015). There is also evidence that lower attaining pupils and girls display more negative emotions when competitive elements are used (Merino, et al., 2014). However, a longitudinal study into this found that the element of competition was very effective at enhancing attainment, despite low levels of competence. The same study also found that the negative element of losing was minimised by using team-based competition, as it reduces the focus on the outcomes (Sepehr & Head, 2013).

It has been shown that gamifying the classroom, especially when looking at self-study activities such as revision, which are typically described as boring, can make these activities engaging.  This is especially true when the students are rewarded for their efforts (Watson, et al., 2013). This idea is also supported by research that suggests that specific, moderately difficult but immediate goals are motivational for students, and that games provide these types of goals (Locke, 1991; Bandura, 1986; Gee, 2008). Games also provide numerous routes to success, which allows students to choose their own goals within the overall task, again improving motivation (Locke & Latham, 1990).

Other suggestions in developing educational gamification include the use of geolocation services (Elenri, 2013), and rewards-based learning (Muntean, 2011). This has been linked to the benefits of outdoor learning, and scavenger hunt style games with engagement and enjoyment (Kohen-Vacs, 2012).
	
2.4 Developing the independent learner

With the development of a new curriculum in Wales  (Welsh Government, 2015), there has been a growing acknowledgement of the importance of developing learner autonomy, and the role those individual learners have in being the directors of their own learning process, both in the classroom and outside of it (Reinders, 2010). 

The review by Donaldson (Donaldson, 2015), is an advocate of this progression towards independent learners. In his review he describes four key purposes of education for learners, with descriptions of ambitious, capable, and enterprising individuals. This ethos is designed to promote confident people who are ready to become independent learners for the rest of their lives, who are prepared to transfer those skills to the world of work and adult life (Donaldson, 2015).

Evidence (Knowles, 1975) has suggested that independent learners are more likely to be highly motivated, and that this autonomy leads to improved, more efficient work. The researcher claims that the evidence is convincing that those students who take the initiative in learning (Called proactive learners), have the tendency to learn more and improve more, when compared to those students who are spoon fed by their educators. He calls these passive learners reactive learners. He describes proactive learners as entering the classroom with purpose and a high degree of enthusiasm and motivation in their learning (Dickinson, 1995).

One of the reasons why ‘gamification’ was used in this study was due to the research suggesting that there is a need for developing independence, motivation and self-regulation within learners. Linking back to the previous points discussed in 2.3, gamification provides this development due to the nature of games themselves, which provide the needed stimuli for engagement and commitment to goals (Dicheva & Dicheva, 2016).


3. School Policy and Practice 
 
The school has little written policy regarding the implementation of games, or a specified method of revision for GCSE classes. However, one key feature that is used in the Science department is the use of Item Level Data (ILD) from student’s mock and real exams. Within these files is data for each student regarding the number of marks obtained per question, and the topic that question was on.

The ILD’s help to provide feedback to pupils about which areas they need to improve on, the theory behind this was used in this study. Pupils could then focus on the areas which they had received fewer marks in and try to aim for higher marks in another mock or past paper question designed in a similar manner to the one they would have sat for the test.

From observations of various lessons around the school, revision for GCSE exams was mainly centred around the use of testing, re-testing and past paper questions. However, in a few lessons revision was different, in some cases very student led with students being left to their own devices and resources to revise with. 

One lesson involved a ‘revision grid’, which is where the pupil’s role dice to determine which number they are on a 6 X 6 grid. This number correlates to a question or keyword about a topic (In this case it was global warming in chemistry), and the pupils would have to choose what they would do with that question or keyword. There was a choice of games on the back (differentiated by number of chilli peppers to represent difficulty), including word association, writing sentences and Pictionary. 

Other methods that were observed in use for revision were in class quizzes, via Kahoot or Plickers, mind-maps, flash cards and posters.

4.0  Methodology & Ethics 

 4.1  Study group and setting

The study took place in a Swansea School, using a top set Year 9 GCSE class. The class was a mixture of both boys and girls, with some EAL and FSM present within the class. There were both Foundation tier and Higher tier exams for pupils in this class, with most pupils sitting a Foundation Biology GCSE paper. The testing period took place after their mock GCSE Biology exam, with a period of 2 days of intervention revision before being retested on a topic they had previously got 0 or low marks in. Each pupil identified using their item level data (A summary of the questions and what marks they had received on each) a topic to focus on for their revision during this intervention.

4.2 Preliminary Data

The mock exams were marked using the WJEC GCSE mark scheme provided and the results were collated to provide individual data sheets, which were then attached to the fronts of the past papers, and input into Excel. The pupils were then told to identify areas that needed improvement. For pupils who failed to gain any marks in a topic, this was their priority for this intervention. For pupils who had gained some marks, the priority for their intervention revision was the topic they had received the lowest marks on. Everyone’s data was collected for comparative analysis between the original results and the post-revision results.
[image: ]4.3 Intervention 

Plate 1: Revisionopoly game board

The game produced for this study was based off the board game ‘Monopoly’, with pupils having to move around the ‘board’ using markers, and answer questions relating to their topic. Coloured boxes had questions linked to Bloom’s taxonomy, with pupils having to create their own questions for the topic based on Bloom’s Taxonomy questioning (Krathwohl, 2002). 

For example (See Plate 1) there are orange colours for the Bloom’s category of ‘Evaluate’, where the pupils had to create a question based off the descriptive words for that category. In this instance, ‘Evaluate’ relating to verbs such as justify, argue and defend. To aid with this, ‘Bloom’s Flowers’ (See Plate 2) were printed off and displayed around the classroom to aid with developing questions. 
[image: Image result for blooms taxonomy flower]
Plate 2: An example of a ‘Bloom’s Flower’, with key verbs to help design questions based on Bloom’s taxonomy.
There was also a ‘Examiner’ tile, which meant that the pupils had to practise and complete an exam paper style question for their topic, which was marked by the opposite team (Who were provided with a mark scheme).

There were several other aspects of the game designed to improve engagement and encourage an element of competition. These include money gains from answering questions correctly or landing on ‘Loot Boxes’ (treasure chests), jail time, and cards which could be used to skip questions or take money from the opposing team.

Rules for the game were explained during the beginning of the lesson and discussed throughout to ensure understanding. To aid with any confusion, rules were printed and provided for each revisionopoly set.

There was a total of 8 Revisionopoly sets, with each having two teams of 2-3 pupils competing against each other. Each set had the same number of cards to make it a shared experience. Groups were designed by using a random name generator.

4.4 Re-test

After conducting two days of ‘Revisionopoly’, pupils were retested under test conditions. The pupils sat only one full question based on the topic that they had chosen for improvement (This was for the majority a question they had received 0 marks on).  After this, the test papers were collected and marked according to the official WJEC mark scheme and data input into Excel.

Pupils were made aware of any improvements they had made and asked for feedback on the experience. This feedback was collected verbally for teaching improvement, but also via questionnaires.

These questionnaires were filled out by the pupils anonymously, and all were given the option to opt out of feedback. These questionnaires asked the pupils to rate their engagement (How invested they were), their enjoyment and whether they thought the task improved their confidence in that topic. This was done using a 4-point scale, with 1 being the lowest and 4 being the highest. It was explained that 1 would equal ‘not enjoying the task at all’, ‘not having helped confidence’ in the topic and ‘not being engaged’ throughout the lesson. The number 4 was explained as being ‘really enjoying the task’, ‘thoroughly engaged’ and ‘greatly boosting confidence in the topic’. 

4.5 Data Analysis

For the analysis of the preliminary and post-revision test results, results were collated, and the mean result was calculated. Means were calculated for the whole group and another mean was calculated for the pupils whose results differed from their mock exams. Standard deviations from these averages were then calculated to determine the spread of the data around the average results.

As well as calculating the average marks and standard deviations, results were input into a graph to illustrate the difference in marks pre-intervention and post intervention. These results were also used to calculate the percentage of the group that improved their results.

A paired t test was used to determine the significance of the results due to the nature of needing to compare the same sample before and after the revision intervention. 

Results were also gathered to determine if there was a correlation between enjoyment, engagement, and confidence with improving pupils attainment. 

4.6 Ethics
To ensure that throughout this research ethical standards were met; the Ethics Policy for both the University of Wales Trinity Saint David, and BERA (British Education Research Association) (BERA, 2011)was strictly adhered to. All participants were informed of what the study was, and how their data would be used. All participants were verbally asked if they understood the study and whether they wanted their data to be used or not, ensuring that there were no penalties for pupils not wishing to share their data. All data was kept confidential and anonymised as described in the ethics form. All pupils were made aware that they were free to withdraw their data from the study at any point. Permission to conduct this study was verbally agreed and granted by the school, as well as parents being made aware of the study.






5. Results 

5.1 Preliminary vs Post-Revision

The mean mark for the pupil group was 20.82 for their preliminary results. After completing the intervention ‘revisionopoly’ task and retesting themselves on questions which they scored 0 (Or their lowest mark scores for those who achieved more than zero for all questions) the mean mark increased to 23.13.  

When we look at the means for only the pupils who made progress this mean changes. Overall the score for these pupils was 17.06 before testing, which increases to a mean score of 21.36. 

The standard deviation for the groups marks during their mock exams was 5.25, and the standard deviation for the groups marks after the intervention and retesting was 6.33.

The sample number for this experiment was 23, making the mean difference between the groups 2.304, and the standard deviation of the differences being 3.022.

The null hypothesis for this experiment was that the revision game had no effect on the results of the pupils, with the alternative hypothesis being that the revision game did have an effect on their results. This corresponds to the use of a two-tailed test, for which a t-test for two paired samples was used.

Investigating a significance value of 0.05, and the degrees of freedom being 22, it was found that the critical value for this two-tailed test was 2.074. Using the formula for the paired t-test it was determined that the t-statistic was -3.657.

Therefore, it is observed that the t value (-3.657) is greater than the  critical value (2.074), it can be concluded that the null hypothesis can be rejected.

Using the P value approach it can be concluded that the null hypothesis can be rejected, due to the P value of 0.0014 being less than the significance value of 0.05.

Due to these results it can be concluded that the null hypothesis (Revisionopoly having no affect on results) can be rejected and that there is enough evidence to claim that the alternative hypothesis (Revisionopoly having impact on results) has some significance. 




Figure 1: A pie chart to show how many pupils showed improved marks after a retest.

As evidenced in figure 1, 60.87% of the pupils displayed improvement when compared to their initial results. Whereas, 39.13% of pupils did not show any improvement. In summary from figure 1, it can be determined that most of the class displayed an improvement over their initial results. 



Figure 2: Graph to illustrate the individual marks before and after testing for each pupil.

Using Figure 2, when looking at pupils who improved upon their marks it can be determined that the highest mark gain for pupils was an increase of 9 marks, whereas the lowest mark gain was an increase of 2. The average mean mark increase was 2.30.
5.2 Ratings


Figure 3: Graph to show the pupils ratings for enjoyment, engagement and confidence regarding the Revisionopoly task

The graph (Figure 3) shows that 25% of the sample class rated the top number (Number 4) for both enjoyment and engagement. This number is far lower for confidence with only 8.30% of pupils displaying a great increase in their confidence for the topic.

If we look at rating 3 (second highest rating) we can see that 62.50% of pupils rated their level of engagement in the revision lesson at this level. In comparison confidence was only rated at this level for 16% of pupils and enjoyment was rated at this level for 41.60% of pupils.

If we continue into the lower ratings, 54.20% of pupils rated their confidence in their topics at number 2, none rating a level 1 for engagement, but 29.20% rating a level 2 for their enjoyment of this revision lesson. 

In summary, from Figure 3 it can be assumed that the task was mostly enjoyable and showed high levels of engagement. However, this is in stark contrast to the levels of confidence which shows the reverse trend, with most pupils questioning their confidence on the topic, even after the revision session. 


Figure 4: Graph to show the percentage of pupils who rated below 3 for all three categories (Enjoyment, engagement and confidence).

Using figure 4 as a reference we can see that 76% of the sample class rated below 3 for their confidence ratings. This implies that only 24% recorded that the revision task increased their confidence in their revision topic area.

For engagement 33.40% of the sample class rated below a number 3, which implies that a greater percentage (66.60%) of pupils were engaged or thoroughly engaged with the task. 

This is different for enjoyment, with only 12.50% of pupils rating below number 3 for their levels of enjoyment. This implies that 87.50% enjoyed or thoroughly enjoyed the revision lesson.

In summary, Figure 4 supports the evidence that whilst the ratings for enjoyment and engagement were typically high, confidence did not seem to improve for most pupils in this sample class.

To conclude, the mean category rating for enjoyment was 2.87, the mean rating for engagement was 3.12, and the mean rating for confidence was 2.12.


5.3 Linking the questionnaire answers to attainment


Figure 5: A graph displaying how pupils from differing attainment categories rated enjoyment
Figure 6: A Graph displaying how pupils from differing attainment categories rated engagement


Figure 7: A graph displaying how pupils from differing attainment categories rated confidence.
Using Figures 5-7 and working out the percentages we can see that when looking at enjoyment (Figure 5), the total percentage of pupils who improved their results and voted 3 or greater on their enjoyment rating was 39.2%, and for pupils who did not improve their results and voted 3 or greater was 34.8%. In contrast pupils who voted less than 3 for enjoyment but did improve their results was calculated to be 21.7%, and 4.3% for those rating less than 3 but not improving their results. 

When looking at engagement (Figure 6) with the task, the total percentage of pupils who improved their results and voted 3 or greater for engagement with the task was 47.8%. In comparison, those who voted 3 or greater for engagement but did not improve their results was 39.2%. Looking at scores rated below 3 for engagement, the percentage was calculated to be 8.7% for those who did not improve and 4.3% for those who did improve. 

The results from figure 7 show that for those pupils who rated a confidence score of 3 or greater, the percentages were calculated to be 43.5% for pupils who improved and 17.4% for pupils who did not. Similarly, when looking at confidence ratings below 3, percentages are 13% for those who improved and 26.1% for those that did not.

In summary, from these results it is suggestive that pupils who rate themselves as improving in confidence in a topic had a positive correlation with improving upon their results. Ratings for engagement with the task did not seem to have a significant correlation to their improvement. This was also the case for enjoyment. 

However, when we apply the correlation function within Excel for this sample, none show a positive correlation. The correlation between marks gained and enjoyment was -0.24, showing a trend closer to 0 which implies little to no correlation. The correlation between marks gained and engagement was -0.4, which is a greater trend than enjoyment, but not enough to determine a significant negative trend. The correlation between marks gained and confidence was -0.25, again displaying a value closer to zero, implying little to no correlation.

5.4 Observational notes

During this study notes were made during the revision classes, as well as anonymous pupil comments being taken in at the end of the session.

Notes included the following points:
· Some pupils were not engaged with the task, using it as an excuse for a free lesson even if challenged.
· Pupils were confused on Bloom’s taxonomy style questioning
· Pupils did not entirely focus on questions based on the ILD’s
· [bookmark: _GoBack]Pupil comments whilst implying enjoyment, also suggested the use of pre-planned questions.


6.0 Discussion

6.1 Preliminary vs post revision attainment

Whilst in the case of this study, most pupils did improve their post-test results, there could have been other elements besides the revision game strategy which accounted for the final mark. This could have been because the same questions were used in the post-test and the mock GCSE (Pre-test). This results in a process known as ‘Response shift bias’ which is a source of contamination for pre and post-test measuring (Rohs, 1999; Drennan & Hyde, 2008). There is also evidence to suggest that this type of game mechanic whilst good for short term retention of knowledge, pupils do not perform in the long-run (Rondon, et al., 2013), making this potentially unsuitable for exam revision. Despite this, the results from this study improving attainment are supported by other authors of similar studies. Examples of these include Sheldon’s (2011) class which improved both attainment and attendance, and the success of the ‘Quest to Learn’ curriculum (Elenri, 2013).

The fact is that the alternative hypothesis, where the game influenced the results, is supported by other evidence that shows game-like methods motivate pupils’ and increase their levels of attainment and engagement within the subject (Dickey , 2005).

6.2 Ratings of engagement, enjoyment and confidence

Whilst engagement is a ‘hot topic’ within educational psychology, and there is no doubt as to the positive correlation between engagement and attainment (Gerda & Tina, 2014), there is a confusion about the appropriate definition and how it is accurately measured (Sinatra, et al., 2015). In the case of this study engagement wasn’t clearly defined and was calculated based on self-report questionnaires filled in by the students on a scale of 1-4. 

Engagement with the task was rated highly during this research, which is supported by other research looking into engagement for gamified lessons (Jablon & Wilkinson, 2006). However, it isn’t necessarily a true reflection of the engagement within the classroom. As the observational notes state, there were pupils who used the lesson as an excuse to not do work or put in less effort. Due to the nature of the study, with data being anonymised, there is no way to tell if those pupils rated their engagement truthfully or not. This element of the study is where there could be bias, from pupil truthfulness and a desire to please the experimenter. This type of bias is called social desirability bias; where the pupils may want to be perceived as favourable (Perhaps rating enjoyment/engagement higher due to wanting to please the researcher- Who was also their teacher) (Furnham, 1986; Nederhof, 1985). Furthermore, there is also the risk that pupils who did not enjoy the task would automatically rate the other sections of the questionnaire poorly and thus unfairly, and conversely those who did enjoy the task, but perhaps did not engage with it fully (As was observed in some cases), rated more highly on the engagement category. This is again a response bias that questionnaires are subject to (Podsakoff & Organ, 1986).

Another aspect that needs to be considered is individuality of learners. Confidence was the lowest rated of all the categories, even when engagement and enjoyment was rated higher in comparison. This result is supported by other studies which show that there can in fact be a negative correlation between perceived ‘fun’ activities and how one measures one’s own learning. This suggests that fun activities may not be beneficial for all learners (Tews, et al., 2017).

The low ratings in confidence could be due to a general lack of resilience or that they found the tasks too difficult. When pupils perceived that they were making progress, they were more likely to rate themselves as confident, and thus continue to make more progress (Schunk, 1990).



6.3 Reward mechanics

The pupils in this study were rewarded with ‘monopoly money’ which they could cash in for a prize at the end of the session. This competition and reward-based learning element to the game could link to the higher rated levels of enjoyment, which is supported by research (Muntean, 2011; Gee, 2008; Watson, et al., 2013). The reason this likely works is due to positive reinforcement (Skinner, 1958) and students believing that the end goal (the prize) is of value to them (Jablon & Wilkinson, 2006).

The game also sported several ways to get ‘money’ and thus improved chances of success and allowed pupils to have their own choice as to the route they took, improving their motivation (Locke & Latham , 1990). However, this rewards-based method could have its disadvantages over time, especially if rewards begin to lose their value, or are based purely on performance (Merino, et al., 2014).

6.4 Competition

Team-based competition was a key feature of the revisionopoly game, as money was collected into a team pot. The high ratings of engagement and enjoyment could thus be linked to the idea that team-based competition removes the likelihood of negative emotions attached with losing (Kahu, et al., 2015; Sepehr & Head, 2013). This competition theory links well to Jablon & Wilkinson’s (2016) study, as collaboratively succeeding and getting money for the team pot would increase engagement with the task, and links to the positive emotions of winning thus increasing their enjoyment (Gerda & Tina, 2014).



7.0 Conclusions 

Based on the results of this experiment it is with confidence that it can be said that this revision strategy, despite its flaws, was successful in improving attainment for the class involved. However, there is room for improvement as discussed in section 8.

Most pupils found the task enjoyable, and many found that they engaged with the task to improve their own learning. However, it can be said that pupil confidence is lacking, despite the results clearly showing an overall improvement for the majority. Despite pupils rating themselves as engaged, it is unclear whether this was bias based on what the researcher wanted, and not a true representation of their commitment to the task (See Section 8/Section 6.2).

This links with the literature discussed above in that gamifying elements of learning, especially when linked with competition, works to improve enjoyment and attainment. It also links with the literature discussed in how gamifying self-study activities such as revision, increases student investment in the activity and again their attainment. However, it must be well thought out.

 8. Limitations and future development 
 
The ‘Revisionopoly’ game that was designed for this lesson was a new creation that the students had never played before. They had only 2 lessons to get to grips with the rules and mechanics of the game. In hindsight, the rules were overly complicated and could easily have detracted from the main goal – learning and revision. Confusion is a negative emotion, and thus would be likely to distance learners from the subject (Gerda & Tina, 2014).This is entirely different to challenging pupils, which when done correctly promotes confidence and attainment (Vygotsky, 1978). The game could be made much simpler, but also keeping the competition element that many rated as being enjoyable, which is supported by other studies showing that competition in team-based settings is highly effective (Sepehr & Head, 2013). 

This links well to the study with Sheldon (2011) which found that the class boss fights, experience points and task quests improved enjoyment. Based on the preliminary results, it would be beneficial to tweak this revision game to become more streamlined, thus in theory creating increased engagement and less confusion over rules. 

Furthermore, to improve how this game could work, the groupings would ideally no longer be random. Pupils would be paired based on their data, with pupils complementing each other, with no risk of pupils being on tables with others who also have no knowledge of a topic. This has been found to work for computer science students, with paired pupils attaining higher grades (McDowell, et al., 2003).This allows pupils who are strong in one topic area to mentor ones who are weaker, and thus hopefully improve their attainment in their weaker area.  Previous studies have shown that this team-based approach to gaming allows a greater amount of peer feedback and mutual concern (DeVries & Edwards, 1973) .

Other revision methods could also be tested as a comparison to determine which method is more engaging and produces the best attainment. This could be linked with the studies based around computer games as a method of engagement, and how effective they are at motivating pupils (Dickey , 2005; Cronk, 2012)However, there is still the limiting factor of school budgeting regarding this element, and there is a severe risk of schools with budgeting constraints not being able to provide these innovative, digitally based methods of revision for their pupils (Groff & Mouza, 2008). Of course, with technology there always comes the problem of adequate training before it can be implemented successfully into a classroom environment (Young, 2004).

Additionally, this needs to be expanded to a range of sets and year groups to provide the best possible results, and to see if there are significant differences between the year or setting groups. This is particularly prevalent considering the studies which suggest that as pupils come through secondary school, the likelihood of them disengaging from science increases (Galton, 2009). 

One of the main problems with this experiment was the potential for ‘response-shift bias’s (Drennan & Hyde, 2008)between the questions pre and post-test results. One method to improve upon this is to use the ‘retrospective post-then-pre-design’. This is where information for before and after are collected at the same time (Rohs, 1999). For this experiment, it would mean testing the pupils at the start of the lesson, providing the intervention (revisionopoly) and then retesting them. The practicality of this is limited however in the school setting, thus designing similar questions with the same number of marks and content, but different in layout could be the way forward to prevent this bias, but still allow an accurate comparison to be made.

Further development for this could include pupil input in the design and implementation of rules and questions (Astin, 1999). This could potentially become an app, which links to an online scoreboard, filled with challenges and points for prizes, thus linking in with the success of this competition style gaming in other studies (Merino, et al., 2014). This also links well with the development of the Digital Competency Framework in Wales, and the increasing use of technology within the classroom being perceived as advantageous (Welsh Government, 2017; Englund, et al., 2017).  Whilst turning this game into something virtual could have benefits (Cronk, 2012), it is important to note that having some physical form of the game could in fact be more beneficial than a purely online approach (Yannier, et al., 2016). A study has shown that the combination of physical activities and the fast feedback from a virtual environment, displays evidence of enhancing learning in children, when compared to each of the methods on their own (Yannier, et al., 2015). Thus, this could be a combination of a physical board game, with online scoring and a virtual environment perhaps for questions (This links back to a previous point on pupil involvement, with homework tasks potentially being the design of questions for the topic online).

One element that was not explored was the differences in enjoyment, engagement and confidence between Foundation tier and Higher tier students. This would be an interesting area to explore, considering other research has suggested that higher ability pupils (Higher tier) could in fact feel less engaged with Science as a subject (Anderson & Chen, 2016).  There is also the risk that with complex gamification, that it would provide a ceiling of difficulty for lower ability or ALN/SEN pupils (Schouten, et al., 2014).

Thus, the conclusion from this experiment is that with refinement it could be one method of many to develop attainment, increase enjoyment and hopefully foster an increased interest in science.

Pupil's Questionnaire ratings

Engagement	0	0.125	0.625	0.25	Enjoyment	4.2000000000000003E-2	0.29199999999999998	0.41599999999999998	0.25	Confidence	0.218	0.54200000000000004	0.16	8.3000000000000004E-2	Category ratings


Percentage of pupils




Ratings below 3

Below 3	Confidence	Engagement	Enjoyment	0.76	0.33400000000000002	0.125	Categories


Percentage of Pupils



Pupils ratings for enjoyment linked with whether they improved their results

No	1	2	3	4	0	1	6	2	Yes	1	2	3	4	1	4	5	4	Ratings for enjoyment


Number of pupils




Pupils ratings for engagement linked with whether they improved their results

No	1	2	3	4	0	2	7	2	Yes	1	2	3	4	0	1	7	4	Ratings for engagement


Number of pupils




Pupils ratings for confidence linked with whether they improved their results

No	1	2	3	4	2	4	4	0	Yes	1	2	3	4	3	0	6	4	Ratings for Confidence


Number of pupils




Percentage of pupils who showed improvement after re-testing


No	Yes	39.130000000000003	60.87	

Results of past paper questions before and after re-testing

After	17	18	23	20	20	15	27	29	25	25	20	17	33	28	22	18	30	29	26	23	15	22	30	Before	17	15	17	11	20	11	27	29	22	25	18	14	33	21	22	13	30	20	26	23	15	20	30	Pupil Code 


Number of marks
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