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Abstract 
The aim of this chapter is to discuss four influential papers that exemplify the degree of 

theoretical and empirical development in e-assessment. The distinction between summative and 

formative (“for learning”) forms of assessment is examined in light of the regulatory 

environments in education, which favour experimentation in the area of low-stakes, 

developmental assessment, but tend to constrain the adoption of more innovative approaches in 

high-stakes, summative assessment. Drawing on the seminal contributions of Royce Sadler, the 

chapter introduces the theory of feedback at the heart of e-assessment, focusing in particular on 

the importance of self-regulation, motivation and dialogue. It then turns to the work of Nicol, 

MacFarlane-Dick and Milligan to describe seven principles of good assessment practice and their 

technological implications. In the final section, the chapter examines Randy Elliot Bennet’s 

notion of “inevitable innovation” in assessment to articulate a more critical analysis of the 

innovation trajectory of e-assessment. In the conclusion, the paper argues that while it is true that 

assessment shapes teaching and learning to a great degree, different ways to conceptualise 

learning and technology also influence practices and innovations in e-assessment.  
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Introduction  

The aim of this chapter is to discuss four influential papers that exemplify the level of theoretical and 

empirical development in e-assessment1. Within the field of Technology Enhanced Learning (TEL), e-

assessment could be said to have something of a distinctive status. TEL research has been mostly 

concerned with the ways in which technology can transform or “disrupt” traditional instruction. 

Popular research topics include ICT for knowledge building and sharing, communication and 

collaboration; learning outside of formal educational institutions and practices; and the ways in which 

educational technologies are mediated by the cultural context (Laurillard et al., 2007; Sutherland, 

Eagle & Joubert, 2012). E-assessment tells a slightly different story, in which the development of 

approaches and tools in both schools and HE has been driven by the need to increase efficiency and 

manageability of “traditional” assessment practices, rather than to explore innovations that could help 

bring assessment in line with notions of learning and education in the 21st century (Nicol & 

Macfarlane-Dick, 2006). This criticism notwithstanding, it is important to resist the temptation to 

launch easy attacks. Assessment has an important and difficult role in education, and calls for 

innovation must account for a range of complex issues and constraints – not least the need to sustain a 

system capable of ensuring reliable, valid and manageable evaluations of very large student 

populations. It is also important to keep always in mind the distinction between summative and 

formative forms of assessment. The most popular example of summative assessment is the high-

stakes exam, used to inform key decisions and choices relating to students’ futures. On the other hand, 

formative assessment has a developmental function and its main objective is to provide students with 

constructive feedback to improve performance (Black et al., 2010). Given this distinction, perhaps it 

is unsurprising that innovation is more common in formative than in summative assessment. The 

reasons for this are to be sought in the nature of the regulatory environments in most education 

systems around the world. These environments favour experimentation in the area of low-stakes, 

developmental assessment, but tend to constrain the adoption of more innovative approaches in high-

stakes, summative assessment.  

There are however notable attempts that have helped move assessment as a whole towards more 

innovative and progressive territory. These attempts are aptly illustrated by the work carried out by 

the CAA (Computer Assisted Assessment) community, which over the last 13 years has made strides 

towards providing automatically generated feedback that can assist learning as well as paying 

attention to the real drivers of the practice and scholarship of assessment: validity and reliability.  In 

the same spirit, this chapter aims to provide an introduction to some influential and seminal 

contributions in technology-enhanced assessment. Some important distinctions and definitions, 

underpinned by a moderate amount of theory, will be introduced in section 1. This theoretical 

discussion will pave the way for section 2, which will deal specifically with the technology-related 

implications. The final section of the chapter will be instead a more critical analysis of why and how 

assessment should innovate.  

The theory of feedback at the heart of e-assessment 

As a point of departure for this brief account of relevant scholarship in technology-enhanced 

assessment we would like to turn to the first of our selected papers and to the work of Royce Sadler 

                                           
1 Throughout the chapter, the definitions “e-assessment” and “technology-enhanced assessment” will 

be used interchangeably.  



(1989), who provided some of the key definitions and identified challenges that have shaped the field 

of technology-enhanced assessment as we know it.  Sadler’s most enduring contribution is concerned 

with the relationship between formative and summative forms of assessment. In this respect, the key 

distinction lies in the notion of feedback. Sadler described this concept as “information about how 

successfully something has been done or is being done” (1989, p. 120). While a summative 

assessment provides feedback in the form of evaluation based on the “correct” information, a 

formative assessment ensures that such feedback also points to one or more paths to progression and 

improvement, thus creating a more supportive environment through which physical, intellectual and 

social skills are not only evaluated but can also be further developed. Sadler’s work and subsequent 

contributions could be said to have shaped the theoretical background of technology-enhanced 

assessment. This background is broadly aligned with a number of perspectives: socio-cultural theory, 

meta-cognition and learner-centred approaches.   

The main tenet of socio-cultural theory is that the person and the social environment constantly 

influence and shape each other (Wertsch et al., 1995). Metacognition assumes, in a nutshell, that 

awareness of the processes that underpin learning (e.g. motivation, attention focusing strategies, and 

so on) is crucial to enable autonomous, self-reliant learning.  Similarly, a learner-centred approach 

assumes that students must be placed at the heart of the educational process, and given the resources 

to monitor the quality of their own work. This requires that they appreciate what high quality work is, 

and that they have the skills necessary to modify their approach to learning accordingly.   

These ideas can be traced in Sadler’s thought, and they undoubtedly have far-reaching implications 

for the development of technological systems that aim to support and “enhance” assessment. The 

main points in this respect are:  

 The need to move away from an idea of learning as transmission of knowledge and towards 

more learner-centred education that emphasises, above all, self-regulation. (Black & Wiliam, 

2009; Boekaerts & Corno, 2005; Pintrich & Zusho, 2002). 

The need to move away from a developmental model that sees individual ability as fixed, given and 

unchanging (Levy & Dweck, 2003; Whitelock & Watt 2008).  

 The need to appreciate the importance of socio-cultural and dialogic factors that regulate 

interactions, communication and collaboration in an effective feedback process (Chaiklin, 

2003; Laurillard, 2002; Vygotsky, 1978). 

We will see in the next section how these theoretical assumptions have informed the investigation of 

technologies meant to support teachers in the demanding task of integrating formative and summative 

functions of assessment.  

Putting the “E” into assessment  

This section will mainly focus on two papers: the second of our selected papers provides seven 

principles of good assessment practice (Nicol & Macfarlane-Dick, 2006), and something of a 

“companion paper” (the third of our selected papers) that applies those principles to e-assessment 

(Nicol & Milligan, 2006). In this respect, the work of Nicol and colleagues represents a timely attempt 

to bridge scholarship that provided key conceptualisations and definitions in assessment, and 

emerging research and practice in e-assessment. Nicol and Macfarlane-Dick (2006) are very clear in 

grounding their contribution within a model of self-regulated learning. They draw on Sadler’s work, 

as described in the previous section, but also acknowledge their debt to subsequent developments 



which helped reposition assessment and feedback within a wider framework that includes self-

regulation and motivation (e.g. Butler & Winne, 1995; Schunk & Zimmerman, 1994; Pintrich & 

Zusho, 2002). Moreover, although their focus is on higher education, they make important 

observations that could also apply to secondary and possibly even primary education.  

Nicol and Macfarlane-Dick (2006) introduce a conceptual model of self-regulation which takes into 

account the relationship between cognitive skills and motivation, that is, between ability and “drive”.  

This model rests on seven principles of feedback practice, backed by a large body of literature and 

defined as “anything that strengthens the students’ ability to self-regulate their own performance” 

(2006, p. 205). Following on from the introduction of the seven broad principles of good feedback 

practice, Nicol and Milligan (2006) explored how the seven principles could inform practice in 

contexts which support and enhance face-to-face interactions using digital technology. In the interest 

of synthesis, we will provide a unified account of these two distinct, yet closely related papers; for 

more detailed descriptions and references readers are encouraged to consult the original publications. 

The seven principles and the technology—related implications and suggestions are summarised 

below.  

 

Good feedback practice… 

 

1) Clarifies good performance  

 

Feedback is effective when it clarifies in unambiguous terms the goals, criteria, and expected 

standards in a learning context. This is essential in order to narrow the gap in understanding that often 

exists between teachers and students about what constitutes an effective performance.   

 

Online discussion spaces can help students feel free to ask questions about assessment tasks and their 

underlying criteria; students may be even prompted to do so. Exemplars could be provided within a 

virtual learning environment (VLE), and might be supported by additional activities that encourage 

students to interact with, and externalize, criteria and standards.  

 

2) Enables self-assessment  

Feedback is effective when it helps the development of self-assessment and reflection in learning, by 

helping students identify standards or criteria that will apply to their work, as well as make 

judgements about how their work relates to these standards. 

 

Online tests and quizzes can be used by students to assess their understanding of a topic or area of 

study. Limitations of this approach need to be considered, such as the fact that students usually have 

no role in setting goals or standards for online tests and may not be able to clarify the test question or 

its purpose. Online or Virtual Reality simulations (e.g. in engineering or science) can be effective in 

providing students with direct, immediate and dynamic feedback about the effects of their actions. 

This feedback is also likely to be more conducive to self-regulation as it clarifies further the link 

between performance and specific targets and standards. The development of e-portfolios also 

requires that students reflect on their achievements and select work that meets defined standards.  

 

3) Delivers high quality and timely information  

High quality and timely information helps students troubleshoot their own performance and self-

correct, thus helping them take action to reduce the discrepancy between their intentions and the 

resulting effects, before it is too late to change their work (i.e. before submission).  

 



Online contexts can assist teachers in giving feedback on written work to large groups of students, for 

example through streamlined feedback reports. However, Nicol and Milligan note that such 

approaches are in need of more robust evidence that could help identify what types of feedback 

comments are most effective. Recent developments in Learning Analytics, based on the application of 

computational methods to large amounts of learner data, hold great promise in this regard (Arnold & 

Pistilli, 2012; Clow, 2012).  

 

4) Encourages peer dialogue 

Teacher and peer dialogue around learning increased the likelihood that students and teachers will 

share the same understanding about the meaning of the information being discussed. 

 

There are classroom technologies that can help orchestrate feedback dialogue. Nicol and Milligan 

describe a system in which handsets send signals to wall-mounted sensors. Students’ responses are 

collated in real time and then displayed on a digital projection as a bar chart. This simple mechanism 

proved to be an effective way to support peer interaction. 

 

5) Encourages positive motivation and self-esteem 

By encouraging positive motivational beliefs and self-esteem, good assessment practice helps students 

move away from an “entity view” of their ability (Dweck et al. 2004) - the view that their ability is 

fixed and that there is a limit to what they can achieve - and towards the belief that ability is malleable 

and depends on effort and dedication (the “incremental view”). 

Assuming they can access it from a variety of contexts and from their own homes, technology can 

help students by enabling them to assess their understanding in private and make comparisons with 

their own learning goals rather than with the performance of others, which has positive effects on self-

worth. Technology also allows to re-take tests many times in order to improve performance, which 

can be highly motivational. 

 

6) Helps close the gap between current and desired performance 

One of the key principles of formative assessment is that feedback should be used by learners to 

produce improved work, which might involve redoing the same assignment or providing opportunities 

for resubmission at specific moments of the feedback cycle. 

 

Although Nicol and Milligan acknowledge that not all student work can, or should, be resubmitted, 

they emphasise that resubmission should play a more prominent role to support formative assessment. 

When appropriate, technology provides the means to enable resubmission in effective and manageable 

ways. It also enables feedback on work in progress and allows students to engage in the planning of 

remedial actions The main pedagogical challenge with technology and formative feedback is with the 

e-assessment of free text and with the provision of meaningful ‘advice for action’, as suggested by 

Whitelock (2010), in order to support students in writing essays for summative assessment. In 

OpenEssayist, Whitelock et al (2015) have built a system that uses unsupervised graph-based ranking 

algorithms to extract key words, phrases and sentences from student essays. OpenEssayist is a system 

that offers opportunities for students to engage with and reflect on their work, in any subject domain, 

and to improve their work through understanding of the requirements of academic essay writing. 

7) Shapes teaching  

Good assessment practice provides information that can be used to shape teaching or, more 

specifically, provides teachers with material that reflects progression along a continuum or trajectory, 



so that once it is known where a student is positioned, the very nature of the continuum helps 

determine what kinds of instructional experiences should follow. 

Technology can help perform diagnostic tests more easily and effectively, thus helping teachers 

generate information about students’ current levels of understanding and adapt teaching accordingly. 

Nicol and Milligan describe how “classroom communication systems” (i.e. classroom response 

systems: handheld devices used for real-time interaction, also known as “clickers”) allow teachers to 

gain regular feedback information about student learning within large classes by using short test-

feedback cycles. The inbuilt reporting functionality of several online assessment tools can also 

provide teachers with quantitative and qualitative information about learning, at the classroom level as 

well as the individual level, which can be used to inform teaching.   

The futures of e-assessment  

So far, we have described three papers that illustrate, according to us, seminal contributions and 

current developments in e-assessment. In this concluding section, we would like to talk about the 

future of e-assessment. We believe that this conclusive discussion will provide the reader with some 

“food for thought” that will assist a more informed and critical understanding of why and how 

assessment should innovate. For this purpose, we will discuss the fourth of our selected papers, Randy 

Elliot Bennett’s oft-cited paper about the “inexorable” advance of technology and the “inevitability” 

of change in educational assessment (Bennett, 2002). Bennett’s paper is seminal in that it aptly infuses 

the e-assessment field with a sense of urgency and necessity: qualities often invoked in all 

technology-based endeavours to justify the need to embrace innovation. Bennett’s argument rests on 

the assumption that the advancement of technology is inexorable in at least two ways: the exponential 

increase in capability and the pervasiveness of technology in the area of office-based work which, he 

argued (in 2002), was beginning to influence learning as well.  

Bennett’s warning is formulated in a familiar way, drawing on a discourse of inevitability 

underpinned by a “faith” in the power of technology to offer a transformative and undeniably “better” 

way of doing things. Such themes are not new in educational technology and in fact they tend to 

remain constant, whilst at the same time adapting to new developments and trends. In this chapter we 

would like to suggest that important implications for e-assessment can be derived from the analysis of 

how the “inevitability theme” shifts and evolves in the literature. For example, Bennett’s paper, 

written in 2002, is ostensibly based on a view of technology as productivity-enhancer: a must-have 

feature in schools, given its pervasive position in the world of work.  Hence: 

knowing how to do intellectual work with technology – to model a problem using a 

spreadsheet, create a presentation, use data analysis tools, find information using the internet, 

or write and revise a paper with a word processor – is becoming a critical academic skill. 

(Bennett, 2005, p. 7) 

Since then, there has been a move away from a view of technology-enhanced learning as “inevitably” 

shaped by the culture of office productivity and by office-based tools and practices.  Nowadays, the 

emphasis is on other “innovative” aspects: mobility and ubiquity (Sharples, Taylor & Vavoula, 2007), 

participation in the “web 2.0” practices of media creation (Ito et al., 2008), immersive experiences 

based on the same mechanics and principles used in video games   (Schaffer, 2006).  It goes without 

saying that an approach to e-assessment that emphasises office-based productivity leads to 

substantially different results than, say, an approach that chooses to focus on informal practices of 

media creation, or on the immersion in simulated worlds (see Chapter ##). The underlying 



assumptions would differ greatly: what to assess, how to assess it, how to ensure validity/reliability 

and so forth. For instance, as noted by Whitelock (2010), Web 2.0 tools facilitate collaboration and 

offer the potential to move away from the assessment of individual skills to implement a social 

constructivist view of learning.  

In this final section, we wish only to convey a very crucial point: the “socially shaped” (Williams & 

Edge, 1996) ways in which influential authors talk about technology and learning more broadly have 

profound implications for e-assessment, and radically different systems, practices and paradigms tend 

to follow on from different concepts of technology in formal or informal contexts. While it remains 

true that assessment shapes teaching in the classroom to a more or less large degree, we suggest that 

different ways of talking about and interpreting technology, in the context of the broader educational 

discourse, have in turn a profound influence on assessment and e-assessment, by shaping modalities, 

times, purposes and determining roles and expectations. In this sense, it could be argued that calls for 

change and the need to embrace technology acquire a whole new meaning and emphasis in 

assessment: an arena where the many contradictions and tensions that surround education are brought 

into sharp relief. 
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