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Background and Definitions

Assessment is a complex process in formal learcamgexts. It involves (i) devising learning
tasks to sample the learning expected from padtimp in a course or programme of study
(i.e. knowledge, skills and attitudes) (ii) asseggerformance on these tasks and
interpreting the results, and (iii) using the imf@tion acquired to enhance further learning
(e.g. feedback) and/or to produce a grade.

This entry discusses the ways in which technologhtrsupport these different
stages in the assessment cycle (i-ia¥k design — assessment/inter pretation -
feedback/grading. It offers both the pedagogical background andeseramples of tools and
practices. It focuses both on scenarios where sis®gg has summative purposes (to arrive at
a mark or grade) and where it has formative purp@seprovide feedback to support
learning and development).

In the sections that follow the potential offergdtéchnology is examined in the light
of the following assumptions.

1. Effective assessment assumes a theory of learnith@ anodel of cognition. In order
for assessment to be a valid measure of learninfpfmative or summative purposes
those involved must have a reasonable understaodimgw disciplinary knowledge
and skills are acquired, and of the trajectoryheirtdevelopment (Pelligrino,
Chudowsky and Glaser, R, 2001).

2. If the purpose of higher education is not justdquare knowledge, skills and
understanding in the discipline but also to devetogtudents the ability to monitor,
evaluate and regulate their own learning, thenetihaust be a shift from teacher
regulation to learner regulation over the coursarotindergraduate degree (Nicol and
Macfarlane-Dick, 2006). To achieve this, studentsnioe actively involved in the
processes of assessment, in the different comp®oétiie assessment cycle (i-iii). In
other words, assessment is a partnership, whicbrdispas much on what the student
does as what we do as teachers.

3. Peer interaction and collaborative learning caraenh the development of learner
self-regulation. Peer processes can help attetl@teacher’s voice and strengthen
the students’ voice; they often result in studeatsfolding each other’s learning and
they also develop in students the ability to mads®easment judgements about the
work of others (e.g. where peers critique or assash other’s work), skills which are
often transferred when students turn to regulatieg own work.

Assessment is said to drive student learning:rtpravide the motivation for learning (e.g.
through the awarding of marks and grades) busd ahables learning to take place through
the provision of feedback. Feedback comes fronedfit sources not just the teacher: it is
also generated by students as a by-product of engaf in learning and assessment tasks
and it can be generated more systematically througanised reflection and self-assessment
activities. Feedback is also produced during gractjvities where peers give each other
informal feedback; it can also be systematicallyegated through peer critiquing activities.
Teachers play a key role in delivering feedback iarmrchestrating self and peer feedback



opportunities using a range of technologies antstddnis wiki examines how technology
might support these different forms of feedbackvall as marking and grading.

Findings from resear ch

When part of a well-defined pedagogical approaathiiology can support any stage in the
task design — assessment/inter pretation — feedback/ marking cycle.

Task Design

Technology can support task design for assessmenvariety of ways. It can support the
presentation of assessment tasks to students aftdritenables more flexibility in the timing
of assessments. Increased clarity of task goalgeeader flexibility in timing both give
students more control over their learning and a&ssest thus enhancing opportunities for
self-regulation. Technology can make it easietéachers to monitor and track learner
progress (e.g. through the recording of studentities) and to tailor assessments to
individual student needs (e.g. through adaptivengps Also, using Web 2.0 formats such as
wikis, blogs, online discussions, social softwand &irtual worlds (e.g. Second Life) it is
possible to assess and support the developmennath wider range of knowledge, skills
and attitudes than in the past. Some examplesqgidhsibilities are provided below.

Many tools are available to support the adminigtrabf assessment processes
making them more efficient and less time consunfing@cademic staff. Virtual Learning
Environments (e.g. Blackboard, Moodle) can maleadier to present assessment tasks to
students (e.g. to publish task requirements, tiberiar to be used in assessment and the
timings for submissions) and to track and recondent progress (e.g. automatic time
logging of activities and assignment submissions).

Tools for objective testing, within virtual leargirenvironments and within dedicated
assessment engines (e.g. Question Mark Percepliom) teachers to orchestrate frequent
assessment testing (e.g. online objective testumigh can be used both to offer flexibility in
the time and place of assessment and/or to ena@stagents to spend more ‘time on task’
out of class. Time on task has been correlated evittanced student learning (Chickering
and Gamson, 2001) with many studies showing tlegient objective testing enhances the
performance of students in final exams (e.g. Ha2§i97)

Computer-supported assessment also makes it ppssibhrich and make assessment
tasks more authentic, for example, incorporatindtimedia presentations and to enable
better alignment of tests to students levels okustdnding (Conole and Warburton, 2005).
For instance, as a test of their understandingesiis learning a foreign language might
watch a recorded video of current affairs prograname answer objective questions relating
to the content (see, Nicol, in press). Adaptivéingsanvolves modifying the nature of the test
based on the responses the student has madei¢o ggtis. Although modifying interactions
in this way can be achieved in paper tests, thigrisore efficient in computer-supported
environments. Some researchers have also attengptesgé computer programs in specific
disciplinary domains (e.g. mathematics) to autocadlyi generate multiple variations of the
same class of problem types (Bennett, 1999).

As well as presenting tasks, the recording featwittsn computer-mediated learning
environments are valuable for assessment purpsdbgaenable tutors to present milestones
for complex tasks with timed release and alert. (@oject work), to monitor student activity
and achievement and to take action to support thtogkents who fall behind or are in
difficulty. The milestones and records of activigo enable students to monitor and reflect
on their own progress and that of their group. &@mple, SPARK (the Self and Peer



Assessment Resource Kit), peer support softwargrtmrp working, provides records of
student work online as they engage in collaboragneeip tasks (see, Freeman and
McKenzie, 2002).

Many Web 2.0 tools such as wikis, blogs, e-port®ind discussion boards also
allow the monitoring of learning as it is progresgiSome of these tools, by providing a
record of ongoing interactions, also have the dakto facilitate the assessment of soft
skills (e.g. group communication amongst studethia) are difficult to assess in traditional
settings. They also create some new assessmeitifidss such as assessing a student’s
contributions to a class wiki or assessing indiaidtontributions to online discussions or a
student's reflective capabilities as exemplifiewtigh blogging.

Assessment and I nter pr etation

Moving on through the assessment cycle, technatagyplay a role in supporting the
assessment (measurement) of knowledge, skills itublas and the interpretation of
assessment data. Most teachers wish to ensurastegsment is valid and actually samples
the knowledge, skills and attitudes that studergseapected to develop through the course or
programme of study or that are required in protessipractice. It is also important that the
assessment data can be used to support learningshta certify achievement. Technology
offers great promise in both these areas: it cémiherease the validity of assessment tasks;
it can also help teachers to chart students’ deuajpunderstanding; and it can help support
the development of meta-cognitive capabilities intguat for the transfer of learning to new
problems and contexts.

Assessments are more likely to be valid and pradeicheasures of student
development if they are underpinned by a modetaiing that both explains and charts the
trajectory of learner development from novice tpex in the discipline (Pelligrino,
Chudowsky and Glaser, 2001). Models enable usttomly test current levels of
understanding and skills in relation to levelstansglards but also to design subsequent
experiences to stimulate learner progression.

One of the most important differences between dgg@ard novices is how they
perceive the relationships between disciplinarycepts. When they solve complex
problems, experts access internal networks of-irgi@ted concepts. They are known to
possess tightly organised and inter-related coneégthemas, which they draw on to solve
such problems. A number of technological tools hHasen designed to support the
assessment of knowledge organisation in concegarahins. For example, concept-mapping
software has been developed to enable individuaysaups of learners to create graphical
representations of how they perceive relationsamengst concepts. This helps students
externalise their understanding and tutors to iflestudents’ current state of development.
Software has also been developed that helps teatthassess the concept maps that are
produced by students (O’Neil and Klien, 1997).

In a similar vein, intelligent tutoring programsviesbeen developed that can directly
compare novice against expert performance in coxgagnitive domains such as physics
(e.g. Mastering Physics, Mastering Chemistry) whils information used to provide ongoing
feedback littp://www.masteringphysics.com/site/index.htmBuch programs carry out a
fine-grained analysis of performance while the stiuds engaged in problem solving tasks,
including open-ended tasks, comparing ongoing pednce against the correct problem
solving moves. Using a databank of known concepmtiffitulties derived from analysis of
problem-solving by real students, the program le &b provide hints, tips, ask questions or
give instructions to move students forward. Mastgphysics has been developed drawing
on the performance of thousands of students atnessorld so all known conceptual




difficulties have been mapped out. Similar work hasn carried out in other science subjects
such as chemistry, biology, astronomy (see,
http://www.masteringphysics.com/site/product/otpevducts.htm) although there is much
less of this kind of work in arts and social scesabjects, disciplines where there is no one
right answer.

Some technology-enhanced assessments also inhelwesé of sophisticated
modelling and simulation environments to captumaglex problem-solving and decision-
making. For example, students might engage in méss game ( see,
http://www.economicsnetwork.ac.uk/teaching/simwalasi/principlesofmicroeconomics.hfm
underpinned by a real world model or they mightegate and test hypotheses within a
virtual model of an engineering plant (e.g. Davi230?2).

Intelligent tutoring systems and simulations araregles of dynamic assessment
where the software allows fine-grained analysistoflent responses as they occur, based on
an underlying model. Simpler types of dynamic assest are possible which do not rely on
the development of sophisticated software. One gi@aia electronic voting software (EVS)
which can be used to test students on a regul#s imaslass with the results used by the
teacher to modify dynamically the path of instrantwithin the teaching session or across
sessions (Nicol and Boyle, 2003: Boyle and Nico032).

Using EVS the teacher explains an important con@@pt force in mechanics or cost-
uncertainty in economics) then presents studeritsaumultiple choice test of their
understanding. The students respond with handedttha software computes the class
responses within a few seconds and displays thdtsdse the class (e.g. a bar chart showing
numbers selecting each alternative). If many sttsdesspond with a wrong answer, the
teacher can trigger peer dialogue (i.e. ask stederdiscuss their answers with peers),
provide feedback directly or re-teach the concajphough the software only tallies the
student responses, it enables the teacher to drateesome quite sophisticated feedback
activities (peer and teacher) based on currentdefainderstanding. Banks (2006) provides
many examples of EVS use across many disciplinanyexts.

Feedback and Grading

A key goal in higher education is to shift the Ioaka of responsibility, over the course of the
undergraduate degree, from one in which the teaelgefates student learning towards
scenarios where students learn to take contrahdinaanage their own learning (learner
regulation). Assessment processes are the fuloouhis shift of responsibility. Nicol and
Milligan (2006), drawing on the earlier paper bybdliand Macfarlane-Dick (2006), have
taken a pedagogically driven approach to formadssessment supported by technology and
tried to show how different tools might support ttevelopment of learner self-regulation.
They identified seven principles of good feedbadcpce based on research and explained
how technology might support the implementatioeath principle in blended learning
contexts.

Good feedback practice:

helps clarify what good performance is (goalsgecidt, standards);

facilitates the development of reflection and sedéessment in learning;

delivers high quality feedback that helps learmsettcorrect;

encourage interaction and dialogue around learfuegr and teacher-student);
encourages positive motivational beliefs and ssiéem;

provides opportunities to close the gap betweerenuand desired performance;

ok wNE



7. provides information to teachers that can be usétblp shape their teaching.
Principle 1: ‘helps clarify what good performance (goals, criteria, expected standards)’

Sadler (1989) identified three conditions necesgargtudents to be able to regulate their
own learning and to benefit from teacher feedb#uky must possess a concept of the goal or
standard being aimed for in a learning or assessstasks they must be able to compare
current performance against that goal or standard;they must be able to take action to
close the gap between current and desired perfam&®edback provides information about
current performance relative to goals but if stusd@mgage in tasks with incorrect or weak
conceptions goals then feedback is less likelytmect (Hounsell, 1997). More importantly,
if goals are unclear then students will not be ablassess their own performance (selfO-
regulate) or the performance of others. Howeverels considerable research evidence
showing that there are often mismatches betweehées and students’ conceptions of goals
and of assessment criteria and standards (Hout88IT: Norton, 1990, Nicol and
Macfarlane-Dick, 2006).

One commonplace way of clarifying task requiremégtals/criteria/standards) in e-
learning contexts is to publish online descriptiohassessment criteria and/or standards for
different levels of achievement. However, many &sithave shown that it is difficult to
make expectations explicit through such writtenuwhoentation (Rust, Price and O’Donovan,
2003). Most criteria for complex tasks are diffictal articulate and are often ‘tacit’ and
unarticulated even in the mind of the teacher (ép2003). Hence there is a need for
complement online criteria. One approach is toteraa online discussion space and
encourage students to spend time before beginhentask to discuss the requirements and
criteria (Palloff and Pratt, 2005).

Another approach that has proved particularly péwiéras been to provide students
with ‘exemplars’ of performance (Orsmond, Merry &eiling, 2002). In an online context,
exemplars are easily made available to studentsoiasultation, for example, within a
repository or virtual learning environment (VLE)owever, it might be more effective to
supplement this approach with additional activitlest encourage students to interact with,
and externalise, criteria and standards. For igstagroups of students might be required,
before carrying out an assignment, to examine txeogplars of a completed task (e.g. a
good and a poor essay) and to post within an odis@ission board their reasons why one is
better than the other including the criteria tlatrfed the basis of their judgement. The
teacher might then clarify any areas of misundaditagy or mismatches in conceptions and
publish online a criterion sheet that draws on shiglent-generated discussion. In problem-
solving disciplines another approach might be tvjale an online simulations demonstrating
how an expert works through a problem-solving task.

Principle 2: ‘facilitates the development of refleéon and self-assessment in learning’

One of the most effective ways to develop self-fatipn in students is to provide them with
many opportunities to practise regulating aspetctsear own learning (Pintrich, 1995). In

the online context, there are many ways of orgagi&r reflection and self-assessment and
many tools to support these processes. The moshoarpractice is to create and administer
online objective tests and quizzes that can be bigetudents to assess their understanding
of a topic or area of study (Bull and McKenna, 208¢hile such tests do provide for a
degree of self-regulation this is low level as stud are not involved in identifying goals for
self-assessment and might often guess the answemir types of test (e.g. MCQs).



One way of enhancing reflection in multiple chaiests is to introduce confidence
based marking (CBM). Gardner-Medwin (2006) has @B with multiple-choice tests
with medical students. In CBM students not onlyseln answer but they rate their
confidence in the answer and the mark awardedssdan whether the answer is correct and
the confidence rating on a one to three scale. i@garfledwin maintains that this procedure
encourages students to think deeply their own kadge and about whether they have a
reliable reason for choosing the answer. The valUgBM is that encourages deep reflection
but does not require the teacher to analyse studasbning and therefore involves no extra
time. It is therefore surprising that few assesdreagines currently have CBM capability. A
more powerful approach to self-regulation usingtipld choice tests would be to have
students in pairs create their own tests and tmudsthem online in groups (see, Nicol,
2007). In this scenario, students would not onlyrivelved in setting goals (the question) but
also in identifying responses (answers) that nmeget,don't meet, those goals. Arthur (2006)
has described how this kind of approach might workccountancy (see,
http://www.itl.usyd.edu.au/Synergy/article.cim?egiD=283. From a similar perspective,
Ellaway et al (2006) has shown how the power ofedical simulation, used to test students
medical knowledge and skills, could be significamthhanced by asking students in groups
to create their own simulation using the softwéaabfrinth) and then to defend their
constructions in presentations to teaching staff.

Another way to directly involve students in moniitgy and regulating their own
learning is through portfolios. The constructioragfortfolio requires that students reflect on
their achievements and select work that meets el@ftandards. In addition, students might
be asked to write a reflective essay or keep acgedle journal in relation to their learning.
Many educationalists have been experimenting wijploréfolios to support formative and
summative assessment (e.g. Cotterill et al, 2006).

Principle 3: 'delivers high quality feedback inforation that helps learners self-correct'

In online contexts much work has been carried @atssist teachers in giving feedback to
students. Denton (2001) has developed an electfeeitback system that enables teachers to
construct feedback reports to students. Thesetsepontain general comments, standard
comments (about specific elements of the work) @@rdonal comments (to the individual).
Standard feedback comments represent a time stange of this system; they can be
selected by number or from a drop down list analcattd to student work. Denton reports
that teachers claim they can give higher qualiedieack and that the system saves time.

Whitlock, Watt, Raw and Moreale (2004) have devetbp pedagogically driven tool
that supports tutors with marking of electronicaljpmitted assignments. The tool, an open
source mentoring application called Open Mentoeckk the quality of tutor feedback
comments against a model of good commenting wisit¢ied to the level of marks that
students are awarded for written work. The toopleiitors balance socio-emotive and
cognitive support within their commenting and iteimded to help students become more
reflective learners. Whitlock (2006) has developad tested this tool across a range of
disciplines and shown its effectiveness.

Principle 4: 'encourages interaction and dialogue@und learning (peer and teacher-
student)'

Many researchers maintain that dialogue is an &asenmponent of effective feedback in
higher education (Laurillard, 2002). Yet mass higeucation has reduced opportunities for
individualised teacher-student dialogue. This issa where new pedagogical approaches



supported by technology offer significant potentiadr example, a number of researchers
have shown how feedback dialogue in essay taskbeanhanced using software systems
that support peer commenting and assessment (@vwie<) 2000: Bostock, 2001; Sung et al,
2005). Using these systems students are able gt array of comments from their peers
which they can then use to make improvements beidoenission. Some of these systems
enable students to contribute to the marking ohexdber’s essay. Involving peers in
commenting and in marking not only enhances diadogithout increasing teachers time but
it also gives students more control over their d@arning. Indeed, giving students
opportunities to participate in assessment fronmheker perspective is central to
developing in students the capacity to regulate then learning.

Another approach to increasing dialogue aroundsassent tasks is to have students
engage in a group tasks where they are encouraggurt of the task, to give each other
feedback. This was the approach adopted by Ba@€6| in a first year psychology course
(see also Nicol, in press). Baxter required higestiis in groups (of 6 or 7 students) to write
six 800-word essays online over the first year.ngroup participated in a closed forum in
WebCT where they discussed the assignments, stiaiedvork and gave each other
feedback before posting the final essay. Each das&ywas preceded by structured
activities: the students answered questions albgubitant concepts relevant to the essay task
and read background texts. On completion of anyessadents were given two kinds of
teacher feedback: general comments about classrpenfice and access to good essay
examples selected from the groups’ submissionsleBts could assess their own
performance against these model answers.

Baxter reported that the students worked hardedymed essays of a much higher
quality than past student cohorts and that theffaddad each other’s learning: this was
reflected in better essay marks in the final exanndicated by a controlled comparison with
the previous year. One notable feature of thisyswk that all student activities were
recorded online: this enabled Baxter to monitor emardinate the work of 85 groups and
orchestrate teacher and rich peer feedback. ThisdWw@ve been almost impossible to
achieve without the technology without a substairiizrease in teaching resources.

Principle 5: 'encourages positive motivational bels and self-esteem’.

Self-regulation, motivation and self-esteem aratneably linked. The more motivated
students are and the higher their level of sekbast the more likely it is that they will persist
and regulate their own learning. Students’ motais determined by whether they perceive
that their own needs are being met, by whether skeyalue in what they are doing and by
whether they believe they have the ability to sedosith reasonable effort (Meece et al,
2006). Rather than being fixed or completely deteeah by the environment, motivation is
‘constructed’ by students based on their appraistdie teaching and learning context (Paris
and Turner, 1994). This means that teachers cam dranfluence on motivation.

Each of the feedback principles described in tagdisn can be implemented in ways
that are motivational: for example, in ways thatr@ase the students’ sense of control over
their learning (e.g. through self and peer feedpackhat give students experiences of
success (e.g. through opportunities for testingratebsting). Ways in which technology
might support these processes have also been skstifsr example, greater control over
learning can be given to students by enabling rfieréility in assessment requirements
with online tests available at times and placesuiblearner needs or by providing
opportunities for students to manage, record aatuate their own learning through e-
portfolios. Using simulations and intelligent tutay systems can also be motivational when



they are based on real-life systems (authenticydreh the feedback allows students to see
what progress they are making towards their owrsgaaa dynamic and immediate way.

Many writers have noted that Web 2.0 technologythagreatest potential to
enhance learning and motivation in HE. Most youegpe today have accounts on social
networking sites (e.g. myspace, facebook) wheng tbastruct and organise knowledge,
share content, comment on each other’s producfiangrovide feedback) and develop
networks of friends. The Web 2.0 tools used toycaut these activities include blogs,
podcasts, wikis, virtual worlds etc. Some recemc@ntators have argued that these social
networking activities, while mostly carried outsapport of informal learning, suggest new
models for learning in formal contexts such as érgkducation. This would involve tapping
into the habits of learners accustomed to sociaboriing, where knowledge is co-
constructed and sharing and revising are commarepBome higher education institutions
have been trying to capitalise on these developsnent

Principle 6: 'provides opportunities to close thegbetween current and desired
performance’.

Boud (2000) maintains that 'The only way to tele#rning results from feedback is for
students to make some kind of response to comghleteeedback loop (Sadler, 1989). This is
one of the most often forgotten aspects of forneatissessment. Unless students are able to
use the feedback to produce improved work, thrdaglkexample, re-doing the same
assignment, neither they nor those giving the faeklwill know that it has been effective.’
(Boud, 2000, p158)

If students are to become better at regulatingnaaaging their own learning they
must develop the ability to make use of the feekbey receive. Yet in HE students rarely
have the opportunity to directly apply feedbackeeslly in the case of planned assignments.
Invariably they move on to the next assessmentdask after feedback is received. While
not all work can be re-submitted, many writers arthat re-submissions should play a more
prominent role in learning (Boud, 2000). Also, gdeza@mphasis needs to be given to
providing feedback on work in progress (e.g. essayctures, plans for reports, sketches etc.)
and to engage students in planning strategiesrfpravement.

Many technology tools can help create environmtrassupport feedback use.
Workflow management tools in virtual learning eoviments allow students and staff to
keep records of work at different stages, trackoajs in virtual learning environments and
software such as TURNITIN enable changes madesigrasents after feedback easier to
identify. E-portfolios enable students to keep ia@rs of their work together with associated
feedback. Online objective tests can be organisdta students have opportunities to re-
take the same tests and simulations and intelligeating systems allow students to get
dynamic feedback during the act of production ohaswer.

Principle 7: 'provides information to teachers thaan be used to help shape the teaching'.

Good feedback practice is often discussed in t@fmpsoviding good information to the
students about learning. However, it is just asartgnt that teachers have good information
about student progress in learning so that theytaidor their teaching in relation to their
students' needs (Yorke, 2003: Black and Wiliam 8 9This requires the creation of learning
environments that provide rich and ongoing datauabtudent learning.

Frequent assessment tasks, especially diagnosts; tan help teachers generate
cumulative information about students’ levels oflerstanding and skill so that they can
adapt their teaching accordingly. This is one efkRy ideas behind the use of electronic



voting systems (Nicol and Boyle, 2003; Boyle andad\li 2003). With EVS teachers can gain
regular feedback information about student learmiitgin large classes by using short test-
feedback cycles (see Principle 4). The teacherveséeedback on areas of student difficulty
signalled by the spread of responses to multipeeehtests and through listening to
students’ explanations of concepts during the eldde discussions. It is also possible with
electronic voting systems to analyse the data &ephe computer about students responses
to tests to identify specific areas of conceptufdicdlty that recur from year to year. All this
information can be use to shape subsequent teaching

Online assessment tools can also provide invalugudatitative and qualitative
information to the teacher about student learniingse tools normally have an inbuilt
reporting functionality. Two types of informationeacommon to online assessment systems
— class reporting and individual reporting. At sldsvel, the teacher can identify questions
that posed problems across a large cohort of stedeérom an analysis of student responses,
areas of conceptual difficulty in the subject mattepoor questions can be identified and
corrective action taken. At the individual levédietproblem-solving strategies used by
specific students can be unpacked and feedbacktéar¢o that cohort. (Ashton et al, 2004).
Online discussions also provide information aboudent learning. Monitoring and
analysing these discussions enables teachersrtifydareas of conceptual difficulty and to
take remedial action by introducing new tasks oslbggesting further readings.

Marking and Grading

Some of the ways in which technology can supporking and grading have already been
discussed in other sections of this wiki. In dynaassessments using intelligent tutoring
systems and simulations the measurement of perfarenaill often be built in. Students will
often receive feedback as a profile of correct@mdr responses as well as qualitative
feedback about alternative approaches and aboutdavake performance improvements.
Where objective tests are administered online thasurement of performance and the
management of statistical data about individual @ttbrt performance can also be
automated through appropriate programming of sa#iwia relation to more open-ended
tasks that require evaluative judgements of a muoaditative nature technology can really
only aid and support marking and grading processegent research on computational
methods for scoring essays highlights the difficolt automating the marking of qualitative
assessments (e.g. Landauer, Laham, Foltz, 2003).

Valentini, Neri and Cuchiarelli, (2003) provide @gparison of ten systems that have
been used to support automated assessment oékteessay answers. These range from low
level systems that analyse surface features dettige.g style of surface linguistic features)
to those that carry out semantic analyses usingusebbased approaches to model building
(e.g. analysing the deep discourse structure).eraathors conclude their review by noting
that ‘the most common problem...[in]... automated egpaging is the absence of a gold
standard to calibrate human marks and of a cleafsales for selecting master texts’. In
other words, the difficulty that markers have imesgng on what is a good essay answer and
the difficulty they have in defining why an essayood makes it difficult to program
software to carry out this task. Greatest proghessbeen made where there are large samples
of essays, all written on the same topic and alrggdded by humans that can be used to
program the software. In such cases, high levet®otlation between the software and the
human marker have been shown. But these consiolesatiake this approach of limited
value in HE generally.

Automated free text marking is a developing areth e potential for significant
savings in staff time. However, there is still mwebrk to be done before this approach



becomes mainstream in HE. More fruitful is resealicacted towards the more tractable
problem of supporting marking and grading whereslystem scores for different
components of an essay (e.g. the structure ofrtheveent) which helps the teacher to mark
while but at the same time supports the teachpraniding feedback to students.

Implications for practice

Given that technology can support almost any stdgiee assessment cycle (task design -
assessment/interpretation and feedback/gradimg)ntportant to identify where benefits can
best be leveraged. A key issue for academic staftlaeir institutions is time and resources.
Some software requires a large financial investni@ntulation software, databanks of
objective tests) and individual institutions withtrhave the resources to develop these. In
disciplines where the curriculum is similar acrosgitutions (e.g. medicine) publishers could
make investments in assessment applications opdomsf institutions might develop and
share these resources.

Any use of technology must be underpinned by abdgectives. Practitioners must
ask themselves whether the technology being ap@igdended to enhance student learning
through feedback or to support marking and gradiingse are not necessarily in conflict but
care needs to be taken with assessment desigrsaraf technology if the goal is to ensure
that these objectives are not in opposition. Oraergte of this might be where the
assessment regime encourages students to focusftioeis on passing the test rather than on
developing deep understanding of subject matter.

In this Wiki a set of principles have been propoteduide feedback practices. These
principles have been tested at module level acrnassy disciplines within the Scottish
Funding Council supported Reengineering Assessaatices (REAP) project (see
http://www.reap.ac.ukwhich involved supporting their implementationngsa range of
technologies. Many HE institutions have incorpaidteese principles into their assessment
policy documents and as a framework to supporteegraent. The REAP project identified
that the ways in which the principles are impleredrdiffered depending on the discipline,
the type of student (e.g. full-time, part-time,tdigce) and the teaching and learning context.
For this reason, it is recommended that a ‘tightt approach to implementation be adopted
(Thompson and Wiliam): while teachers should trynaintain fidelity to the pedagogy (the
educational intent) behind each assessment pranfight) the techniques of implementation
should be tailored and adapted to suit the speeifiching and learning context (loose).

A key idea behind all the feedback principles &t tthe more active the students are
and the more responsibility that they have in thplementation of a principle, the more
empowering the educational experience. For exampkeacher might ‘clarify what good
performance is’ (principle 1) for an essay writiagk by providing students in advance of the
assignment with a list of printed criteria. Altetinaly, the teacher might organise a session
where students are required to examine some exaapdy/s (e.g. produced by a previous
student cohort) to identify which is better and wiiie second approach would usually be
more empowering than the first because the studemitd be more actively engaged in
constructing, internalising and owning the assessréeria. It is recommended, therefore,
that in formulating applications considerationlisays given to how responsibility might be
shared with students so that they are active p@aitits in assessment processes.

Success factors



The success of any technology can be evaluatesinmstof the extent to which it supports
and enhances student learning and the extent whvithinaximises the return on investment
for the programme of study and in relation to tsional objectives. There is a paucity of
literature on how to carry out a systematic costefie analysis of investments in technology
to support teaching, learning and assessment irakttugh there some promising
approaches are being developed (e.g. Laurillard7 2Bicol and Coen, 2003). In principle,
the application of technology to assessment miglgualuated through input measures: for
example, one might ask whether the technology emptin leads to a better use of staff time?
Evaluations might focus on output measures suchtegys by students of their learning
experience as happens in the UK National StudernteSuby analysis of achievement gains
in examinations or through an analysis of retensi@tistics. However it is important to note
that these measures will be confounded by otherggsathat are associated with technology
application (e.g. changes in the methods of ass#sim the way the teacher interacts).
From the teacher perspective, success of technalpgljcations might be evaluated in
relation to process measures such as the effeesgenf the technology in resolving real
teaching and learning issues such as the needdoraise feedback to different kinds of
learner or to address the demands of formativebfsadwhen class sizes are large.

There is a need for more focused evaluations tin@ogy application in HE.
Otherwise there is a danger that technology wily @aise the cost of teaching and learning
without any real benefit. Also, some convincingdevice that the application of technology
has benefit is necessary to convince institutibas there will be a return on their investment
and to convince academic staff that change is wbgtleffort.

| ssues and futuredirections

Future developments in technology-supported assagsane likely to occur at a number of
levels. Firstly, big steps forward might will beatised by just making it easier to use existing
technological tools so as to make them better dditeassessment purposes. Most
assessment engines and virtual learning enviorrsrtEnhot support confidence-based
marking, tools to support peer critiquing acti\sti@ée under-developed as are tools that
support essay marking and feedback online or thiaialudio files (for audio feedback)
seemlessly to text assignments. Tools such as aidslogs are not at present not
seemlessly integrated into virtual learning envin@mts or within other university systems.
At the next level up, more work might be directedhie development of intelligent tools and
simulations that model learning processes andctinaitl provide intelligent feedback to
students on their developing understanding. Howthsiis an area that will require
significant investment and collaborative developmen

Looking further in the future there are many poditigs. Some researchers are
looking at ways of supporting formative assessmsitig mobile devices. For example,
Professor Richard Kimbell has shown how mobile devimight allow students to reflect on
and capture their own learning as it happens ysictgres, audio and video files with all
these files being downloaded from a personal diggaistant to seemlessly create a
multimedia record of learning (i.e. a portfoliohi$ is one example of innovative thinking.

In all areas of assessment, progress will deperré mmhow we conceptualise
learning and assessment processes pedagogicallpthie actual tools we use. Educators
who beleive that learning is a collaborative endeaand that students and teachers should
be involved in the co-creation of course conteritlva looking for different technologies
from those who believe that learning is about angireceived knowledge. For the former,
Web 2.0 tools to support the student generatiaonfent and social networking will be a



focus for future development as will new methodasgessing student contributions and
collaboration.

Conclusion

This entry focuses on how technology can supp@gsssnent practices in higher education.

It has been shown that technology can help teaghiesent and construct assessment tasks,
make valid judgements of the student progressamleg, facilitate the provision of feedback
and support the production and delivery of marksn& principles of assessment have been
proposed that might be used to help shift the lsa@laway from thinking about assessment as
involving only the act of judging student achievemg@ssessment of learning) to assessment
as a process that actually supports long termileguand development (assessment for
learning). This shift of thinking is necessary naty to ensure that teacher time spent on
assessment yields maximum benefit in relation tatudlearned but also to ensure that when
students leave university they are able to contieaming without the need for teacher
supervision.
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