Ensuring the criminological skills of the next generation: a case study on the importance of enhanced quantitative method teaching provision
Abstract

Against the backdrop of contemporary debates surrounding the public role of criminology, this paper argues that a key barrier to ensuring that the next generation of criminologists are equipped with the skills necessary to engage in critical forms of citizenship, is the quantitative ‘skills-gap’ which undergraduate students possess as a consequence of the low curriculum profile afforded to numerically-informed forms of criminological practice. This paper presents new empirical evidence examining students’ statistical anxiety, which reinforces the need to increase their exposure to quantitative method teaching. It concludes that pedagogic change is necessary if we are also to address associated broader concerns about the future direction and rigour of the discipline. 

Introduction
In 2012, the United Kingdom’s (UK) national body for the humanities and social sciences, the British Academy (BA), published detailed concerns about the historically weak provision of Quantitative Method (QM) teaching within social science disciplines such as criminology, and the corresponding substantive impacts of this on the quality of the teaching and learning experience, graduate employability, and the international competitiveness of the UK economy (British Academy, 2012). Indeed, it has been argued that social science graduates in the UK are QM skills deficient when compared to their European and US counterparts, and furthermore, possess high levels of statistical anxiety and low levels of confidence when it comes to completing numeric study tasks, whether these be part of QM teaching modules or elsewhere in the curriculum (MacInnes 2012; Payne and Williams 2012). As a result, I have been preoccupied lately with how best to ensure that the next generation of criminologists in the UK are fully equipped to undertake the task of securing the continued intellectual robustness and practical utility of the discipline and are, moreover, able to display competency in their abilities to engage in a critique of contemporary forms of commonplace and uncritical ‘crime talk’ (Carlen, 2010). 
I know that I am not alone in this regard (see for example Wiles 2002; Calhoun 2005; Currie 2007; Chancer and McLaughlin 2007; Wacquant 2009; Almond, 2009; Loader and Sparks 2010; Downes 2012; Turner 2013; Rock 2014). Over the last two decades, within the context of the emergence of the new ‘sovereign state’, debate has proliferated internationally surrounding the increasingly marginalised role criminological research plays in relation to both media representations of crime and criminal justice policy and practice (Chamberlain 2015). One explanation given for this is that constraints exist within criminology as an academic discipline as a consequence of its concern with critiquing public and expert discourses surrounding crime, rather than solely pursing a ‘public-facing’ agenda (Austin 2003; Currie 2007; Downes 2012; Rock 2014; Jacques 2014). Alternatively, for other scholars of crime and criminal justice, the value of pursing exploratory research and independent critical thought for its own sake remains foundational to criminology as an independent and autonomous discipline concerned with critiquing the governmental crime control project (Knepper 2007; Pratt 2007; Wacquant 2009; Young 2011; Hall 2012).
Both positions share a concern with the role and value of criminology in a democratic society: how can and should criminologists, as public-serving intellectuals, engage with politics and public policy? (Loader and Sparks 2010). A seminal issue for critical debate is the type of collective good that we envisage criminological enquiry aiming to promote, in what is undoubtedly a heavily mediated era which is witnessing the frenetic transformation of justice and policy discourse, often underpinned by a highly punitive and frequently short-sighted populist crime control agenda (Wacquant 2011). However, regardless of how one views the (re)emergence of public-facing forms of criminology and related debates surrounding the rigour and value of criminological research and thinking within the academy, to my mind this situation reinforces the importance of promoting reflexive forms of criminological practice (Wacquant 2008; Loader and Sparks, 2010; Uggen and Inderbitzen 2010; Turner 2013). Thinking reflexively about criminological practice is important in part because there is a perennial need to seek to ‘raise the status of criminological studies in general’ (Radzinowicz, 1988:1) but is also relevant if we are to avoid promoting self-indulgent and self-referential forms of ‘navel-gazing’ research and thinking (Bottoms 1987; Tilley and Farrell, 2012). 
Furthermore, there is, I would suggest, an important gap in current thinking here. I do not think as a discipline that we have as yet adequately addressed the issue of just how we are going to ensure that we educate our future crime scholars and practitioners so that they possess the thinking and research skills necessary to engage in critical forms of citizenship under the complex socio-political and ideological conditions associated with ‘late-modernity’ (Young 2007). A key barrier to achieving this is, I would argue, is the quantitative ‘skills-gap’ undergraduate criminology students currently possess as a result of the low profile afforded to numerically-informed forms of criminological practice within the academy (see for example Young 2011; De Castelbajac 2014; Jacques 2014).
In focusing on this particular aspect of criminological disciplinary practice, I am aware that mixed messages surround the role played by quantitative research evidence within criminology (Kivivuori 2011; De Castelbajac 2014). Given the long-standing emphasis placed by government, policy-makers, criminal justice practitioners and criminologists on crime surveys and statistics, it is not surprising that quantitative methods feature heavily in the criminological corpus and are also reflected in public perceptions of how criminology should focus itself as a public service discipline (Tilley and Farrell 2012; Jacques, 2014). Quantitative research methods certainly feature heavily in empirical research studies published in leading international criminology and criminal justice journals (Kleck, Tank and Bellows 2006). For example, Tewksbury, DeMichele, and Miller (2005) reviewed all 725 articles published in five leading journals for the five-year period between 1998–2002 (Criminology, Journal of Criminal Justice, Justice Quarterly, Journal of Research in Crime and Delinquency, and Criminal Justice and Behavior ). They found that quantitative-focussed articles accounted for the majority (73.1%) of all published articles in the sample. However, international variation exists, with American criminology and criminal justice journals more quantitatively-oriented than their European counterparts. Tewksbury, Dabney and Copes (2010) reported that quantitative-focussed articles featured more predominantly in American criminology and criminal justice journals (i.e. Criminology, Criminology and Public Policy) than in journals from Europe, Canada, Australia and New Zealand (i.e. British Journal of Criminology, Australian and New Zealand Journal of Criminology and the Canadian Journal of Criminology). 
It could be argued that the presence of this variation serves to explain why quantitative research methods tend to occupy a smaller role within undergraduate curricula in the UK than they do in the US (for example, see MacInnes 2012). Yet internationally it is recognised that in western higher education systems, regardless of the emphasis placed on quantitative research within the curriculum, undergraduate criminology students worldwide tend to possess high levels of statistical anxiety and a concurrent tendency to avoid numeric study tasks, including quantitative forms of data analysis (De Castelbajac 2014; Jacques 2014). Furthermore, the generally low level of quantitative literacy and research skills possessed by criminology graduates is a particularly pertinent issue given that debate over the future of criminology and the skill-set possessed by its practitioners and scholars is occurring against the backdrop of the recent establishment nationally in the UK by The Nuffield Foundation, the ESRC and HEFEC, of the Q-Step programme. 
The Q-Step programme seeks to enhance current provision of QM teaching across UG social science degree programmes in the UK and emphasises innovation in the delivery of QM teaching (Nuffield Foundation 2012). This programme has been introduced as a result of the recognition that there is a long-standing history of poor QM teaching provision within the social sciences and humanities (British Academy 2012). Hence it follows that the problem of ensuring our criminology graduates possess the necessary skills to make an intellectually rigorous public contribution – be it as citizens, scholars or criminal justice practitioners - does in a number of key respects go beyond the confines of criminology as a distinctive discipline and appears in fact to be to no small degree a shared dilemma across the social sciences more generally. 
This article explores this complex pedagogic problem by examining the impact of reforms in QM teaching on criminology students’ statistical skills. It is acknowledged that little empirical research has been conducted to date on the impact of reforms in QM teaching on criminology students (Payne and Williams 2012), with the result that there is a paucity of understanding within criminology, as well as other social science disciplines, about how best to teach QM to students, and to address at a broader level the role numeric forms of analysis play within undergraduate curricula. Hence, the research outlined in this paper offers a timely and vital piece of new evidence which informs not only current understanding of fundamental pedagogic issues but also contemporary debates surrounding the public role of criminology.
The article is structured as follows. I begin by outlining the broader issues concerning the provision of QM teaching within the social sciences in the UK and how these are responded to by key professional and funding bodies. The findings of existing studies are examined, which illustrate how social science students, including criminology students, tend to be anxious about learning statistical skills. I reflect upon the way in which the low profile and status accorded to QM teaching and numeric study tasks more generally can serve to reinforce to students that they do not need to pay significant attention to the topic. The research design is then outlined: here I describe the pre-test/post-test research model which was used to identify the impact (if any) of pedagogic reform on students’ statistical anxiety. 
The research findings are then discussed and placed in the context of relevant scholarly literature pertinent to how both criminology and social science students learn core quantitative skills. I conclude with some observations on the implications of the research for the enhancement of the quantitative research skills of criminology students. I argue that criminology must address its current limitations with regard to QM teaching as these difficulties could serve to constrain its future ability to have value and rigour for political and social life.
Developing quantitative skills in the UK social sciences
To address student anxiety and lack of confidence about completing a QM teaching statistics course, it has been argued that the amount of curriculum space allocated to QM teaching ought to be expanded and teachers should innovate in course delivery, emphasising the visual aspects of learning (MacInnes 2010). However there is little by way of concrete evidence to suggest that this will simultaneously decrease students’ statistical anxiety and increase their confidence in their ability to complete numeric study tasks, including conducting a statistical analysis (Linden 2012). This is particularly the case within criminology (Byrne 2012).
Existing literature fails to rigorously ascertain, over time, the impact of QM teaching on a student’s educational development, and in particular, their confidence to complete core statistical tasks essential to the conduct of quantitative research, such as appropriately applying a measure of central tendency, or their confidence to continue to learn about such core tasks in the future (Finney and Schraw 2003). A focus on ascertaining measurable change in student confidence over time is essential if QM teachers are to identify ways to alleviate students’ statistical anxiety (Onwuegbuzi and Wilson 2003). 
Self-efficacy - or student perception of personal competence - heavily impacts on their actual performance and future study behaviour as their interpretation of their previous experience will inform current decisions and so shape their behaviour (Bandura 1997; Unrau and Beck 2004). Indeed, a meta-analysis of published research by Robbins et al. (2004) highlighted that students with higher academic self-efficacy generally possess better academic performance, while a meta-analysis by Zeiffler (2008) notes that where personal self-efficacy is high, student reported anxiety to undertake statistical tasks is low or non-existent. 
In this pedagogic context, the empirical research presented in this article examined the impact (if any) on student learning of expanding QM teaching provision and innovating in the delivery of pedagogic content, it being hypothesised that increasing curriculum space and innovating in QM teaching delivery will increase students’ statistical competence and decrease their anxiety. Whether or not this is the case is particularly salient given the aforementioned concern with the quantitative skills of criminologists and broader debates concerning the public and academic roles criminology possesses as a discipline (Wiles 2002; Calhoun 2005; Currie 2007; Loader and Sparks 2010; Rock 2014; Jacques 2014).
Methodology
A pre-test/post-test research design was used to test five interrelated hypotheses (Chamberlain, 2012). First, students will be anxious about having to learn statistics. Second, students will lack confidence in their ability to complete statistical tasks. Third, that participation in a QM teaching course will increase student confidence and reduce their statistical anxiety. Fourth, that this increase in confidence and reduction in statistical anxiety will be more pronounced when greater curriculum space is allocated to QM teaching. Fifth, that visual teaching and learning methods help students learn statistical concepts. Collected data was analysed using the statistical analysis package SPSS. 

The design of the research to test the project hypotheses involved collecting data from two cohorts of first year criminology students as they each in turn completed an introductory QM teaching module. The QM teaching module was revised after it was completed by the first cohort, with the second cohort having double the exposure to QM teaching as well as participating in a teaching and learning experience which emphasised data visualisation. The experimental design of the research meant that the first cohort of data provided a baseline from which to measure the impact of pedagogic reform in QM teaching on student learning. To this end, both cohorts of students were asked to complete a project questionnaire at the beginning of the module and again at the end of each module. Question items from the well validated statistical self-efficacy questionnaire items developed by Finney and Schraw (2003) were used to measure change in student confidence to complete statistical tasks. This was supplemented with items pertaining to students’ perceptions of learning statistics and numeric study tasks were informed by established research such as Williams et al. (2004), Williams (2007) and MacInnes (2010, 2012).  
Finney and Schraw (2003) sought to ascertain US college-level students’ self-rating of their current ability to perform fourteen core statistical tasks (called the Current Statistical Self-Efficacy questionnaire, or CSSE) as well as their self-rating of their ability to learn how to perform these fourteen tasks (called the Self-Efficacy to Learn Statistics, or SELS). The CSSE and SELS cover core statistical skills which ought to form part of any introductory statistics module and indeed are essential if students are to be properly introduced to the manner by which quantitative research operates, that is through formulating and testing a null hypothesis (Bryman and Cramer 2011). In addition to their appropriateness to the local teaching and learning context, the CSSE and the SELS were chosen as they are robust reliable tools which have been rigorously validated and used internationally to identify students’ self-confidence ratings (Zeiffler et al 2008).

Students were fully briefed about questionnaire items so that they understood what was meant by key terms such as ‘self-efficacy’. As data collected were on the Likert scale of ranked ordinal level of measurement, a paired sample T-test can be used to measure the difference (if any) in respondents’ mean responses at the beginning and end of the introductory statistics module (Brace et al 2012). As a precaution, results for the median and mode were considered and found to behave as the mean, and T-test analyses were replicated using the Wilcoxon test (Chamberlain 2012).
Findings

There were sixty-six students in the 2012-13 12-week QM teaching cohort. However, two students suspended their studies during the semester, making the cohort population sixty-four. Of these, forty-four completed a project questionnaire at the beginning and end of the module, making for a 69% study sample. They were sixty-eight students in the 2013-14 24-week QM teaching cohort, all of whom completed their studies, while forty-five completed a project questionnaire, making for a 66% study same. Given the voluntary nature of student participation in the research, it is possible that a certain degree of self-selection occurred within each sample. Yet as they are each approximately two-thirds of the size of their respective study populations, the completion rate for the study is nevertheless arguably more than satisfactory in terms of being both representative of the student opinion and experience within each cohort, as well as for the purposes of enabling comparison between each cohort’s research outcomes (Brace et al. 2012). 

Anxiety about learning statistics
Both cohorts of students began their respective courses anxious about their idea of learning statistics. Table one shows that 55% of cohort one and 47% of cohort two agreed that they were anxious about the idea of learning statistics at the beginning of their respective QM teaching module. As would perhaps be expected, the level of anxiety for each cohort does not to replicate one another exactly, but they are both situated within a +5/-5% margin around the 50% mark. This increases to 80% for cohort one and 82% for cohort two when neutral responses are included. Study findings are, therefore, congruent with the broader pedagogic QM teaching literature that, as a group, social science students tend to be statistically anxious (Falkingham and McGowan 2012; Linden 2012). The data in table one, therefore, confirms the research hypothesis that, as they begin the QM teaching course, students will be anxious about having to learn statistics.
Insert here: Table One: Statistical Anxiety

The data contained in table one also supports the research hypothesis that participation in a QM teaching course will reduce students’ self-reported statistical anxiety. The reduction in statistical anxiety over the duration of the course is from 55% to 43% for cohort one and from 47% to 27% for cohort two. Furthermore, for both cohorts this reduction is statistically significant. For cohort one the T-test result: T (43) = -1.730, p 0.05; and the Wilcoxon result: Z -1.731, N – Ties = 30 p 0.04. While for cohort two the T-Test result: T (44) -2.451, p 0.00 - and the Wilcoxon result Z - 2.270, Ties = 12, p .023.

Additionally, the data in table one, alongside the T-Test and Wilcoxon results, arguably provide evidence for the research hypothesis that the reduction in statistical anxiety will be more pronounced when greater curriculum space is allocated to QM teaching. The reduction for cohort two (20%) is certainly more pronounced than for cohort one (12%). This appears to provide evidence for the argument that increasing curriculum space for QM teaching helps to reduce students’ statistical anxiety. 
Although the data does provide empirical evidence for the research hypotheses related to students’ statistical anxiety at the beginning and end of a QM teaching module, table one reinforces that the majority of students in both cohorts remain ambivalent about the idea of learning statistics in spite of completing a QM teaching course, regardless of if this be a twelve week module or a twenty-four week module. Indeed, 66% of cohort one and 60% of cohort two continue to either agree they are anxious about the idea of learning statistics or feel neutral about it. 
Statistical self-efficacy 
It is important to consider if the noted self-reported reduction in student anxiety is a product of students feeling more competent to complete core statistical tasks. In order to determine this, we need to examine the results of the statistical self-efficacy questionnaires. These are designed on a 6 point scale: (1) no confidence at all; (2) a little confidence; (3) a fair amount of confidence; (4) much confidence; (5) very much confidence; (6) complete confidence. Table two details the mean questionnaire responses for each cohort at different points as they progress from the beginning to the end of each respective QM teaching module.  

Insert here: Table Two: Statistical self-efficacy

The self-efficacy results show the mean scores for each cohort of students. These illustrate that for both cohorts, student confidence in their ability to complete statistical tasks increased from ‘little confidence’ to ‘fair confidence’ as they completed the QM teaching module. Although students’ mean confidence to learn to complete statistical tasks may have dipped slightly for cohort one and increased slightly for cohort two, it nevertheless stayed at the ‘fair confidence’ level. One might conclude, therefore, that as a result of completing a QM teaching module, students do feel more confident in their ability to undertake statistical tasks, which helps to explain the noted decrease in anxiety and at the same time accounts for students feeling slightly more confident in their ability to learn. However, confidence levels for students as a group nevertheless remain at the mid-point of the self-efficacy questionnaire confidence scale, which explains why a large proportion remain statistically anxious at the end of the course.

For cohort one the T-test result: T (43) --3.988, p 0.00; and the Wilcoxon result: Z - 4.652, N – Ties = 44, p 0.00, show a statistically significant increase in confidence to undertake statistical tasks, but no statistically significant decrease in confidence to learn over the twelve weeks, with T-test result: T (43) 0.332, p 0.34; and the Wilcoxon Z: -0.202, N – Ties = 39, p 0.21. For cohort two, the T-Test result: T (44) -9.167 p .000 - and the Wilcoxon result Z – 5.464, Ties = 0, p .000 reveal a statistically significant increase in confidence to complete statistical tasks over the twenty-four weeks. Both the T-Test result - T (44) -2.5264 p .008 - and the Wilcoxon result Z - 2.437, Ties = 4, p .008 - reveal the increase in confidence to learn statistical tasks over the twenty-dour weeks is statistically significant. 
These results lend some support to the argument that teaching students quantitative data analysis techniques decreases their statistical anxiety. Yet the increase in confidence remains at the mid-point of the scale. In spite of having completed a QM teaching course, both cohorts remained highly cautious about their ability to complete a statistical analysis and remain similarly cautious about their ability to learn to complete a statistical analysis. Indeed, as a group they appear to continue to possess mixed feelings about their ability to complete statistical tasks and to learn statistics. This could be because students are aware that they have completed an introductory QM statistics course and they still have more advanced statistics to learn. It would certainly explain their continued high levels of statistical anxiety and low confidence to complete statistical tasks.  This suggests that it is important to track students as they progress through their studies. 
Visual teaching and learning methods

The data outlined so far in this paper supports the hypothesis that exposure to QM teaching reduces students’ statistical anxiety and increases statistical competence. Hence, increasing social science student exposure to QM teaching could, in principle, help to address the UK QM skills deficit (MacInnes 2010, 2012). However, it is also important to consider how this extended exposure could be delivered innovatively and in a learner-focussed environment. Thus we need also to examine the impact of visual teaching and learning recourses on student learning. 
Insert here: Table Three: Visual teaching and learning resources

Table three shows an increase in students reporting that graphs and videos help them to learn statistical concepts. There was a rise in students agreeing that graphs do help them learn statistical concepts, this moving from 71% to 82%. However, both the T-Test result: T (44) 1.096, p 0.14 - and the Wilcoxon result:  Z 1.073, Ties = 19, p .30 reveal this result not to be statistically significant. Similarly, there was a rise from 69% to 80% in students agreeing that video clips help them to learn statistics. However, again both the T-Test result: T (44) 1.045, p 0.15 - and the Wilcoxon result:  Z 1.075, Ties = 15, p .28 reveal this result not to be statistically significant. In both these cases, the fact that most students report positively at the beginning of the course that graphs and videos help them learn, may well explain why the subsequent positive increase is not statistically significant. 
Table three also shows the results for interpreting number tables and graphs present in study materials. There is an increase from 29% to 51% in students agreeing that they feel confident interpreting number tables in study materials. Both the T-Test result: T (44) - 2.634, p 0.01 - and the Wilcoxon result: Z - 2.577, Ties = 12, p .010 reveal this result to be statistically significant. In terms of interpreting graphs present in study materials, there is an increase from 40% to 67% in students agreeing that they feel confident interpreting graphs in study materials. Both the T-Test result: T (44) - 3.234, p 0.002 - and the Wilcoxon result:  Z - 2.837, Ties = 16, p .005 reveal this result to be statistically significant. 

Finally, at the end of the course, 71% of students said that completing the QM teaching module has increased their confidence in their ability to undertake self-study tasks which involve working with numbers (i.e. reading a research report) and 67% said that it has made them more likely to include numeric data in assessed coursework tasks (i.e. essays) for other modules in their course This increase in confidence in studying with numbers is reflected in their view of their ability to produce a statistical report. As table three shows, 16% agreed in week one when asked if: “I would feel confident writing on my own a workplace report using statistics e.g. for a graduate employer”, with this increasing to 53% in week twenty-four. Both the T-Test result - T (44) – 6.107, p 0.00 - and the Wilcoxon result Z - 4.509, Ties = 10, p 0.00 reveal this result to be statistically significant. 
 
Learning preferences and module assessment outcomes 
Taken as a whole, the results outlined in table three arguably support the research hypothesis that focusing on visual teaching and learning methods to deliver QM subject knowledge and skills does help students to learn core statistical concepts and to feel more confident in their ability to complete numeric study tasks as part of their degree studies more broadly. Nonetheless, it is important to acknowledge that students as a group remain statistically anxious and do not possess high levels of confidence in their ability to undertake and to learn how to complete, core statistical tasks. Could it be that completing an introductory statistics course might well be reducing students’ statistical anxiety but at the same time it also reinforces to them that: firstly, there are more complex statistical analysis skills to learn (i.e. multivariate data analysis) which means that they remain wary of their ability to conduct such an analysis; and secondly, that even when they feel more confident in their ability to complete numeric study tasks, they would simply rather not analyse numbers if they can choose otherwise. As table four outlines, 69% agreed in week one when asked if: “I’d rather write an essay than analyse numbers”, with this increasing to 84% in week twenty four. Both the T-Test result: T (44) - 2.052, p 0.02 - and the Wilcoxon result Z: - 1.954, Ties = 22, p .05 reveal this result to be statistically significant.
Insert here: Table Four: Preference for writing essays

It seems that although they are perhaps becoming less statistically anxious and more self-confident about studying with numbers, students nevertheless appear to be becoming more disinterested in analysing numbers. By way of illustration, typical qualitative comments from students included in their questionnaire responses were: “It [the QM teaching course] helped me understand what goes into writing a statistical report, but I am just not that interested in the topic. It’s just not for me”; and: “Two semesters of statistics is a bit much really. I’d much rather be doing other things really”. This preference for avoiding numeric study tasks, including the statistical forms of analysis associated with QM teaching, is congruent with the published QM teaching literature (MacInnes 2010). Pedagogic research into the social science student experience of QM teaching highlights that they possess a general preference for studying with words rather than numbers and that they often choose their degree because of this and a preference for pursuing non-numerate graduate careers (for example, see Murtonen et al 2008, Linden 2012, MacInnes 2012, Rüdiger and Hans-Dieter 2013). It appears, therefore, that students may be more confident in their ability to study with numbers, and even more willing to engage with and include numeric data within their broader studies, yet they remain anxious and lack confidence in their ability to conduct a statistical analysis, as well as expressing a preference for completing non-numeric material. In short, the data indicates that as a result of their contact with QM teaching, student statistical anxiety is giving way to greater statistical disinterest. Given this finding, it is important to examine student learning outcomes in order to identify if this situation is perhaps linked to academic performance.     


The confidential nature of the research meant that it was not possible to individually link study participants’ questionnaire responses to their assessed learning outcomes for the module. But it was possible to identify comparative trends between the sixty-six students in cohort one and the sixty-eight students in cohort two. The average assessment outcome for the twelve week QM teaching module was 59%, which is just inside the second-class lower division grade boundary. The average assessment outcome for the twenty four week QM teaching module was 62% which is inside the second-class higher division grade boundary. Furthermore, a Pearson’s rank correlation test revealed a statistically significant association between students’ assessment outcomes and their attendance (Cohort one: 0.395, p 0.02; cohort two: 0.598, p 0.000), with those gaining higher marks typically attending more than those with lower marks.
These findings appear to support the positive impact of teaching on student learning outcomes: the more a student attends, the higher the grade they achieve. The increased correlation result between the first and second cohort arguably further indicates the positive impact of the extended QM teaching module, alongside its emphasis on visualisation, on students’ assessed learning outcomes. Yet at less than 0.8, the correlation result for both cohorts remains modest rather than strong (Chamberlain 2012). This is perhaps to be expected as research has shown that within the social sciences the correlation between student attendance and assessed learning outcomes can be mediated by a range of factors; including, age, gender, past educational achievement, pedagogic teaching method, modular learning content, as well as the type of assessment method used to measure academic achievement (MacInnes 2012). Given that there was a relatively small +3% shift from 59% to 62% in the average assessment outcome achieved by students, the research findings indicate the need to investigate the broader impact of pedagogic reform in QM teaching on students’ study skills and general educational achievement throughout their studies as they progress towards graduation.    
Finally, it should be noted that students graded the quality of the teaching they had received for each module as part of the normal evaluation process. This rating is conducted confidentially at a central administrative level without tutor input. Students rate their satisfaction with a module on a 1 to 5 Likert scale, from highly dissatisfied at 1 to highly satisfied at 5. Module tutors receive the final module rating score only. The twelve week QM teaching module received a rating of 4.7 and the twenty four week QM teaching module was rated 4.8, meaning that both modules were highly rated by students and they were generally satisfied with their teaching and learning experience.
Discussion
It is undoubtedly the case that the research outlined in the preceding sections possesses inherent limitations due to the relatively small sample sizes involved. Nevertheless, the research findings provide a robust narrative consistency with the broader pedagogic literature, within both criminology and the social sciences more generally.  Official reports into QM teaching provision from England (MacInnes 2010), Scotland (McVie et al. 2008) and Wales (Lynch et al. 2007) have all concluded that students often leave university without possessing a strong enough grasp of the role that quantitative methods play within the social sciences. This outcome is attributed to the relatively low profile accorded to QM teaching and study tasks which involved students working with numbers within UG curricula. It has been observed that study tasks involving numbers are broadly confined to QM teaching courses; the teaching students receive often occupies, at best, a single module; and there is typically little linkage between this and substantive disciplinary content (MacInnes 2012). 
In this context, this paper has outlined research findings which serve to buttress existing contentions about the positive impact high-quality QM teaching can have on criminology students’ statistical anxiety and their competence to complete numeric study tasks. Furthermore, the findings can be said to highlight the way in which increasing curriculum space for QM teaching and innovating in its delivery, can serve to further benefit the developmental learning needs of students when it comes to acquiring and mastering core QM skills relevant to their discipline. As such, the research provides further evidence for the underpinning logic of the Q-step programme: that social science students need to engage more with numeric study tasks (Nuffield 2012). Just as importantly, this finding is highly pertinent given current debates within criminology about the skill-set possessed by its graduates: regardless of whether one holds that criminology should be more public-facing, or alternatively that it should maintain its focus on critiquing the governmental crime control project, the evidence presented in this paper reminds all criminologists of the urgent need to expand the role played by quantitative research within the curriculum  (Jacques 2014, De Castelbajac 2014).  The concluding section of this paper will explore this point.
Conclusion: towards a reforming pedagogic and practice-based agenda
The findings discussed in this paper further emphasise the complex nature of the task facing criminology when it comes to addressing the quantitative ‘skills-gap’ of our undergraduate students. If we are (as scholars, researchers and practitioners) to seek to ameliorate the quantitative ‘skills-gap’ then we must do so at key points in the career trajectory of future discipline members; for example, as they progress through the undergraduate curriculum towards postgraduate study and professional practice. Furthermore, it would appear that there is a need to embed numeric case studies within core modules in criminological theory and criminal justice policy and practice, in an effort to encourage students to become more interested in the pivotal role of statistics within their discipline (Chamberlain, 2015).
To my mind it is important to be clear from the onset that today’s criminologists can address this issue in a positive and forward looking manner. The use of large-scale survey methods to capture snapshots of criminal activity and the victim experience of crime, alongside the dynamics of criminal justice processes and outcomes, is tightly bound up with the emergence of criminology as a discipline as it has sought to generate a statistical evidence base from which to simultaneously influence and critique governmental practice (Austin 2003; Currie 2007; Kivivuori 2011; Varese 2012; Tilley and Farrell 2012; De Castelbajac 2014). This provides QM teachers and their non-QM counterparts within the discipline with an opportunity to work together to embed the analysis of numbers inside a skills-based supported teaching narrative which spans substantive disciplinary theory and practice modules, operating in conjunction with broader methods-based teaching, in an integrated, thought provoking and engaging manner. After all, is it not a primary responsibility of us all in our role as educators, to show students how we as reflexive criminologists engage in a collective critique of ideas and the evidence which underpins them?
In conclusion, as a discipline, we need to take advantage of the fact that society, let alone criminology students, is preoccupied with the topic of crime and deviance, and furthermore, that we all in one way or another use both words and numbers to explore it on a day to day basis (Jacques 2014; De Castelbajac 2014; Turner 2013). With this in mind, the research presented in this paper does much more than act as a useful set of baseline data for measuring the impact of changes introduced as a result of the Nuffield sponsored Q-Step programme (Nuffield Foundation 2012). Crucially, it also establishes the basis for a reforming agenda of pedagogic and practice-based change that speaks to broader contemporary concerns about the future direction of the discipline of criminology itself. 
References
Advisory Council on Mathematics Education. 2011. Mathematical needs: mathematics in the workplace and higher education London: ACME
Almond, P. 2009. Using an Enquiry-Based Learning Project to Develop Criminological Understanding. Web Journal of Current Legal Issues 3:  Available at:  http://www.bailii.org/uk/other/journals/WebJCLI/2009/issue3/almond3.html
Austin, J. 2003. Why criminology is irrelevant?' Criminology and Public Policy 2: 557-64.

Bandura, A. 1997. Self-efficacy: The exercise of control. New York: W. H.Freeman.

British Academy. 2012. A position statement – society counts, quantitative skills in the social sciences and humanities. London: British Academy 

Brace N, Kemp, R and Snelgar. 2012. SPSS for psychologists London: Palgrave MacMillian

British Academy. 2012. A position statement – society counts, quantitative skills in the social sciences and humanities. London: British Academy

Bryman, A and Cramer, D. 2011. Quantitative data analysis with SPSS 17,18 and 19: A Guide for Social Scientists London: Routledge

Bottoms, A.E. 1987. Reflections on the criminological enterprise Cambridge Law Journal 46 (2) 240 - 263  

Byrne, D. 2012. UK Sociology and quantitative methods: are we as weak as they think? Or are they barking up the wrong tree? Sociology 46: (1) 13-24

Chamberlain, J.M. 2012. Understanding criminological research: a guide to data analysis London: Sage publications

Chamberlain, J.M. 2015. Criminological theory in context: an introduction London: Sage publications 

Chancer, L and McLaughlin, E.2007. Public criminologies:  Diverse perspectives on academia and policy Theoretical Criminology 11 (2) 155 – 173 

Carlen, P. 2010. A criminological imagination: Essays on justice, punishment, discourse London: Ashgate Publishing

Calhoun, C. 2005. The promise of public sociology British Journal of Sociology 56  (3): 355 - 363 

Currie, E. 2007. Against marginality: Arguments for a public criminology Theoretical Criminology 11 (2): 175- 190

De Castelbajac, M. 2014. Brooding over the dark figure of crime: The home office and the Cambridge institute of criminology in the run-up to the British crime survey British Journal of Criminology 58: 928 - 945

Downes D. 2012. Working out of crime Farnham: Ashgate.

Falkingham and McGowan. 2012. Improving the teaching of quantitative methods to undergraduate social scientists understanding and overcoming the barriers, chapter nine (98-120) in Payne, G., and Williams, M. (2012) Teaching quantitative methods London: Sage Publications

Finney, S.J. and Schraw, G. 2003. Self-efficacy beliefs in college statistics courses Contemporary Educational Psychology 28 (2) 161 – 186

Garland, D. 1996. The limits of the sovereign state: Strategies of crime control in contemporary society British Journal of Criminology 36 (4):  445-471.

Hall, S. 2012. Theorizing crime and deviance: A new perspective. London: Sage

Higher Education Funding Council for England (HEFCE). 2005. Strategically important and vulnerable subjects final report of the advisory group HEFEC: London

Hodgen J. 2010. Is the UK an outlier? An international comparison of upper secondary mathematics education London: Nuffield Foundation
Jacques, S. 2014. The quantitative-qualitative divide in criminology: A theory of ideas, importance, attractiveness and publication Theoretical Criminology 18: 317 - 336

Kivivuori, J. 2011. Discovery of hidden crime. Self-report delinquency surveys in criminal policy context. Oxford University Press.

Kleck, G, Tank, J and Bellows, J.J. 2006. What methods are most frequently used in research in criminology and criminal justice? Criminal Justice Education 21: 503 - 525  

Knepper, 2007. Criminology and social policy London: Sage Publications

Loader, I and Sparks, R. 2010. Public criminology London: Routledge

Linden, A.N. 2012.Teaching quantitative literacy through a regression analysis of exam performance Teaching Sociology 40 (1): 50 – 59

Lynch, R., Maio, G., Moore, G., Moore, L., Orford, S., Robinson, A., Taylor, C. and Whitfield, K. 2007. ESRC/HEFCW Scoping study into quantitative methods capacity building in Wales. Swindon: ESRC

MacInnes, J. 2010. Proposals to support and improve the teaching of quantitative research methods at undergraduate level in the UK Swindon: ESRC.

MacInnes, J. 2012. Quantitative methods teaching in UK higher education: The state of the field and how it might be improved  London:  Higher Education Academy

Matthews, J Croft, T Lawson, D and Waller, D. 2012. Evaluation of mathematics support centres: A review of the literature LU: Sigma Network

McVie, S., A. Coxon, P. Hawkins, J. Palmer & R. Rice. 2008. ESRC/SFC Scoping study into quantitative methods capacity building in Scotland. Final report. Edinburgh: Scottish Funding Council
Murtonen, M. and Lehtinen, E. 2003. Difficulties experienced by education and sociology students in quantitative methods courses Studies in Higher Education 28 (2):171-185. 

Murtonen, M, Olkinuora, E, Tynjälä, P Lehtinen, E. 2008. “Do I need research skills in working life?”: University students’ motivation and difficulties in quantitative methods courses Higher Education 56 (2): 599 -612

Nuffield Foundation. 2012. Programme background - promoting a step-change in the quantitative skills of social science undergraduates, London: Nuffield Foundation

Onwuegbuzie, A. J. 2003. Modeling statistics achievement among graduate students. Educational and Psychological Measurement 63 (6):1020-1038. 

Onwuegbuzie, A.J and Wilson, V.A. 2003. Statistics Anxiety: Nature, etiology, antecedents, effects, and treatments--a comprehensive review of the literature Teaching in Higher Education 8(2) 195 -203

Parker, J., Dobson, A., Scott, S., Wyman, M., and Sjöstedt Landén, A. 2010. International Bench-marking review of best practice in the provision of undergraduate teaching in quantitative methods in the social sciences. London: ESRC
Payne, G., and Williams, M. 2012. Teaching quantitative methods London: Sage Publications

Pratt, J (2007) Penal Populism London: Routledge

Robbins, S.B, Lauver, K, Le, H, Davis, S, Langley, R and Carlstrom, A. 2004. Do psychosocial and study skill factors predict college outcomes? A meta-analysis. Psychological Bulletin 130 (2): 261-288.

Rüdiger M and Hans-Dieter D. 2013. University and student segmentation: multilevel latent-class analysis of students’ attitudes towards research methods and statistics British Journal of Educational Psychology 83 (2) 280 - 312

Rock, P. 2014. The public faces of public criminology Criminology and Criminal Justice 14: 412 – 433

Rosling, H. 2014. Available at http://www.gapminder.org/ (accessed 21st December 2014).

Skvoretz, J. 2000. Looking backwards into the future: Mathematical sociology then and now Sociological Theory, 18: 510 - 517

Tewksbury, R., M. T. DeMichele, and J. M. Miller. 2005. Methodological orientations of articles appearing in criminal justice’s top journals: Who publishes what and where. Journal of Criminal Justice Education 16: 265–279.
Tewksbury, R, Dabney, D and Copes, H. 2010. The prominence of qualitative research in criminology and criminal justice scholarship Criminal Justice Education 17: 297 - 322

Turner, E. 2013. Beyond ‘facts’ and ‘values’: Rethinking some recent debates about the public role of criminology British Journal of Criminology 53: 149–166

Uggen C and Inderbitzen M. 2010. Public criminologies, Criminology and Public Policy 9 (4) 123 - 135

Varese, F. 2012. How mafias take advantage of globalization: The Russian mafia in Italy British Journal of Criminology 52: 235 - 253

Wacquant, L. 2008. Ordering insecurity: Social polarization and the punitive upsurge, Radical Philosophy Review 11(1): 9- 27.

Wacquant, L. 2009. Punishing the poor Durham NC: Duke University

Wacquant, L. 2011. From ‘Public Criminology’ To The Reflexive Sociology of Criminological Production and Consumption  British Journal of Criminology 51: 438 - 448.
Wiles, P. 2002. Criminology in the 21st Century: Public good or private interest? — The Sir John Barry memorial lecture Australian and New Zealand Journal of Criminology 35 (2) 238-252

Williams, M., Collett, C and Rice, R. 2004. Baseline study of quantitative methods in British sociology. Birmingham/ Durham: C-SAP/ BSA 

Williams, M., Hodgkinson, L. and Payne, G. 2004. A crisis of number? some recent evidence from British sociology Radical Statistics 85 (1): 40- 54. 

Williams, M. 2007. Student perceptions and experiences of quantitative methods: Full research report ESRC End of award report, RES-000-22-1290. Swindon: ESRC

Young, J. 2007. The Vertigo of Modernity London: Sage Publciations

Young, J. 2011. The Criminological Imagination Polity Press

Zieffler, A, Garfield, J, Alt, S, Dupuis, d, Holleque, K, Chang, B. 2008. What does research suggest about the teaching and learning of introductory statistics at the college level? A review of the literature Journal of Statistics Education 16 (1): 1 – 25
- 1 -

