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Abstract 
The development of students’ scientific reporting skills is a ubiquitous feature of the 
curriculum in physical sciences degree courses. This article discusses the design of 
an assessment-feedback strategy to support development of these skills by 1st year 
undergraduate chemistry students, employing peer-reviewed chemistry journal 
articles as authentic contexts exemplifying professional standards and conventions. 
A dedicated curriculum space, which supports a series of iterative assessment-
feedback cycles incorporating dialogic assessment and feedback workshops and 
students’ use of feedback, is described. The overall strategy is discussed through 
the lens of recent research on feedback in higher education, particularly in terms of 
‘old paradigm’ versus ‘new paradigm’ thinking. Our evaluation indicates high levels of 
student engagement with, and use of, feedback and the impact of our approach is 
also evident in the high standard of work produced by some students. The generic 
aspects of our approach are adaptable and transferrable to other higher education 
contexts and academic disciplines. 

1. Introduction 
As an integral feature of higher education, assessment and feedback has a powerful 
influence on learning and achievement both positively and negatively (Hattie and 
Timperley, 2007). Consequently, assessment and feedback is a long-standing 
source of contention and some dissatisfaction amongst students and educators 
(Nicol, 2010). Students express dissatisfaction about aspects of assessment and 
feedback, such as assessment guidance and marking criteria, timeliness and the 
quality and quantity of feedback. Educators express frustration about the time taken 
to provide detailed feedback to large numbers of students, only for many of them to 
pay little attention to it. Both parties tread a well-worn path leading to an 
accumulation of ‘feedback waste’!   
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Dissatisfaction with assessment and feedback perhaps reflects the diversity of 
literacies amongst students and educators about assessment and feedback 
(McConlogue, 2020), and the conflicting perceptions of the roles and responsibilities 
of students and educators in assessment and feedback processes (Winstone et al, 
2017a, 2017b; Winstone and Boud, 2019; Winstone, Pitt and Nash, 2020). This 
dissatisfaction may be exacerbated by national satisfaction surveys (e.g. the UK 
National Student Survey (NSS)), which implicitly portray students as passive 
recipients of educators’ actions in relation to assessment and feedback.   

It is becoming apparent that new thinking about assessment and feedback is 
needed, with a shift in focus away from teacher-centred transmission models 
towards dialogic processes that are more student-centred and designed for 
maximum impact on student learning (Price et al, 2010; Winstone and Carless, 
2020). Recent research in assessment and feedback in higher education has 
increasingly focussed on the impact of assessment feedback on learning, the roles 
and responsibilities of students and teachers in assessment and feedback processes 
and the design of curricula to facilitate effective feedback processes (Nicol and 
Macfarlane-Dick, 2006; Boud and Molloy, 2013; Carless and Boud, 2018; Winstone 
and Carless, 2020). The direction of travel has been usefully captured in terms of 
‘old paradigm thinking’ versus ‘new paradigm thinking’ (Carless, 2015; Winstone and 
Carless, 2020). Old paradigm thinking about feedback is more focussed on the 
qualities of teacher comments (in isolation), quality assurance and student 
satisfaction. In contrast, new paradigm thinking is more focussed on what students 
do with feedback (from a range of sources) and the design of dialogic assessment 
and feedback processes for impact on student learning beyond the task at hand.  

It is within this context of the rethinking of feedback processes in higher education 
that we have evolved our approach (AdvanceHE, 2019) to the teaching of scientific 
reporting skills to undergraduate chemistry students over a period of approximately 
eight years. Scientific reporting skills are a common feature of physical sciences 
degree courses (Capel et al, 2019; Hanson and Overton, 2010), particularly in the 
form of laboratory reports as vehicles for reporting the outcomes of laboratory 
experiments/investigations, although these do vary between institutions/courses both 
in format and in expectations surrounding professional disciplinary conventions and 
standards (i.e. authenticity).   

Our approach to teaching scientific reporting skills to undergraduate chemistry 
students employs iterative dialogic assessment-feedback cycles (Beaumont, 
O’Doherty and Shannon, 2011) supported by a dedicated curriculum space that 
incorporates numerous formative, collaborative learning activities, dialogue (student-
teacher, peer, inner) and feedback that is actionable through curriculum design 
(Figures 1, 2). Authenticity and a focus on programme level outcomes are supported 
by the use of peer-reviewed chemistry journal articles as paradigms of professional 
standards and conventions. In this article, the principal features of our approach are 
described and explained, with insights from our experiences and evaluations of 
practice. An earlier iteration of our approach, specifically directed at chemistry 
educators, is reported in Capel et al (2019).   



 
Figure 1.  Key features of the assessment feedback strategy 
 

2. Design and Implementation 

2.1 Context 

The teaching of scientific reporting skills to undergraduate chemistry students at 
Keele takes place within a 30-credit cross-semester 1st year (FHEQ Level 4) 
chemistry module, ‘Practical and Professional Chemistry Skills’, and it is the activities 
within this module that are the focus of this article. The module title is deliberate and 
reflects the intentions of the teaching team to develop students’ professional 
chemistry skills using, where possible, authentic contexts. Authentic examples of 
scientific reporting skills are chemistry journal articles, which serve as paradigms of 
professional practice in the activities described below. The totality of our approach is 
in broad alignment with the elements of authentic assessment articulated by 
Ashford-Rowe, Herrington and Brown (2014). 

2.2 Design and Implementation 

Scientific reporting skills are complex and valued (Capel et al, 2019, Hanson and 
Overton, 2010; QAA, 2019) and their development is challenging for students and 
educators. As our strategy employs chemistry journal articles as paradigms of 
professional practice, our approach focuses on the principal sections of such articles 
(Introduction, Experimental, Results and Discussion, Conclusion, References) with 
students initially (Semester 1) preparing individual sections (e.g. an introduction 
section) for different laboratory practicals, and then a full laboratory report 
comprising all sections in Semester 2. Students complete draft work at all stages and 
actionable feedback is designed into the overall programme through assessment 
task design (Winstone and Carless, 2020). 

Figure 2 summarises the curriculum space and sequence of events across the 
academic year, with the blue boxes representing scheduled face-to-face dialogic 



sessions, white and green boxes indicating what is produced by students, and yellow 
boxes indicating written feedback from teachers (a team approach to marking and 
feedback is employed, with an item of assessment involving three or four members 
of the team). What follows in this section is a description of selected elements from 
Figure 2. 

 

 
Figure 2.  The sequence of events in the iterative assessment and feedback process 
 
 

2.2.1 Assessment Workshop 1 (Introduction, 2 hours) 

This session takes place early in semester 1 after students have completed some 
practical laboratory work. In advance of the session, students are provided with brief 
written guidance and asked to prepare and submit (online) a word-processed draft 
‘introduction’ (350-500 words) section; these are surveyed by the teaching team to 
inform feedback and returned (unmarked) to students for use during the session (see 
below). In general, 1st year undergraduate chemistry students have no previous 
experience of writing scientific reports or familiarity with journal articles, so the 
design of this session recognises this.   

The aims of the session are to introduce the concept of scientific reporting, the 
approach being taken to support students in developing these skills across the 
academic year, and to support students in completing their first report (the 
‘introduction’ section). The teaching space is configured for group work and students 
are allocated to groups of six (approximately); the cohort size is 70-100 and 2-3 
teachers participate in the session. The session integrates teacher explanations of 
(and justifications for) the approach with discussion about guidance, assessment, 
marking criteria, feedback, sources of feedback and the expectations of teachers 
and students in relation to feedback. Formative group activities are designed to 
support the development of students’ assessment literacy, as summarised below:  



 
Exercise 1: Students, in groups, survey a selection (~3) of chemistry journal articles 
(authored by members of the teaching team) to identify common features, principal 
sections, conventions and practice. This activity is supported by a template (Figure 
3), peer-peer and teacher-student dialogue and a summary discussion. 
 

 
Figure 3.  Illustration of group exercise 1, assessment workshop 1 
 
Exercise 2: Student groups are provided with two exemplar introductions (see Capel 
et al, 2019), one of a high standard and the other a lower standard. They compare 
and contrast these in terms of strengths and areas for improvement. Using the 
marking criteria, they assess the two reports and write some feedback. As before 
this is supported by peer-peer and teacher-student dialogue and a summary 
discussion. 
 
Exercise 3: Students are provided with their draft introductions and asked to reflect 
on what has been discussed during the session and to write action points for 
improvements to make to their work, the final version of which is submitted around 
one week after the session. This is also supported by dialogue and a summary 
discussion. 
 

2.2.2 Assessment Workshop 3 (Results, Discussion and Conclusion, 1 
hour) 

This session takes place in the latter half of semester 1, by which time students have 
received electronic written feedback from teachers on their introduction sections. In 



advance of this session students are asked to submit (online) draft schemes, figures, 
tables and equations around which they will construct their final ‘Results, Discussion 
and Conclusion’ report (750-1000 words). This is surveyed by the teachers and 
returned to students unmarked at the beginning of the session. Facilitated by the 
teachers, student groups inspect the relevant sections of journal articles (the same 
ones used previously) in the light of their own draft work. This quickly generates 
lively discussion and lots of questions, some of which are opened up to the whole 
class. Students are invited to write action points for improvements to make to their 
work, the final version of which is submitted around one week after the session. 
Finally, students are prompted to use the feedback on their ‘Introduction’ sections 
when preparing the final version of their report. 

2.2.3 Draft Full Report Feedback Workshop, 2 hours 

In assessment workshop 4, students are offered a choice of three practicals to 
prepare a full report (comprising all principal sections) on and are briefed on the 
opportunity to submit a full draft report supported by a feedback workshop. Students 
are encouraged to revisit 1st semester feedback and to include a ‘use of feedback’ 
statement in their draft reports explaining how they have used previous feedback to 
improve their work. 

The full report feedback workshops are parallel sessions led by the three members 
of the teaching team who each have overall responsibility for one of the three 
practicals, each comprising ~25-30 students configured into groups of ~6. Students 
submit their draft reports and use of feedback statements electronically and the 
feedback sessions take place approximately one week later. The final laboratory 
report submission deadline is then a further week later, providing students with 
sufficient time to improve their drafts.  

Prior to the feedback session, the draft reports are surveyed by the teacher and 
anonymised hard copies of the draft reports are printed and grouped into sets of 5-6 
corresponding to the student groups to be used. The feedback session commences 
with an induction in which the teacher outlines the format and aims of the session, 
emphasising its feedback function and highlighting that feedback comes from 
dialogue/discussion throughout the session and not just from written comments. The 
induction is imperative for establishing clarity of purpose and trust, such that 
students feel comfortable in asking questions and raising points for discussion.   

Following the induction, each student group is allocated a set of draft lab reports to 
review and discuss, none of which are authored by members of the group, although 
all members of the group have completed a draft report on the same practical. Each 
group is also provided with copies of the assessment guidelines and marking criteria.  
The student groups are invited to review, discuss and identify areas for class 
discussion. They are also prompted to reflect on their own work whilst reviewing the 
work of their peers. During these group discussions, the teacher circulates amongst 
the groups, answering and posing questions, prompting discussion and periodically 
pausing to commence a class discussion on some of the key areas identified by the 
students. Although students are a little reticent to begin with, a meaningful and 
engaging discussion usually emerges. Students provide feedback annotations on 
their peers’ reports, but they are asked to discuss this with the teacher in advance to 
ensure the feedback is appropriate (and also whether it may be appropriate to share 



more widely with the class). It emerges from the peer review and discussion that 
there are alternative valid approaches to reporting the outcomes of the same 
practical, and that this requires individual judgement. Part-way through the session 
and discussion, sets of lab reports are exchanged between groups such that each 
group has sight of a new set of their peers’ reports. With the discussion focussing on 
substantive issues of report writing, there is in fact very little discussion of 
marks/grades except that reference is made to the language used in the marking 
criteria/descriptors to place its meaning in context. Towards the end of the session, 
draft reports are returned to their authors and a general discussion and feedback 
session is held during which students are invited to note down key actions they will 
take to improve their final reports. Finally, students are invited to include a ‘use of 
feedback’ statement in their final report explaining how they have used feedback 
from this workshop to improve their work. 

 
The programme level approach continues into 2nd year assessment workshops, 
where students are presented with their final reports and feedback from the 1st year 
to support their continual development of scientific reporting skills. 
 

3. Discussion and recommendations 
The journey we are taking with our students has led to the progressive design of a 
dedicated curriculum space within which students have opportunities to engage in 
dialogic exchanges with peers and teachers about assessment and feedback, to give 
and receive feedback, and to act on feedback (Capel et al, 2019; Advance HE, 
2019). The design of this dedicated curriculum space and its associated sequential 
and increasingly challenging tasks (lab reports) and processes is consistent with the 
curriculum approach to assessment and feedback proposed by Boud and Molloy 
(2013). There are challenges in the creation and design of such approaches, in 
particular the need for a team of educators with shared understandings and values, 
the capacity to release the curriculum space (perhaps at the expense of other 
activities) and obtaining student buy-in (authenticity in its widest sense is important 
here (Winstone and Carless, 2020)). It is also a challenge to avoid emphasis on 
transmission focussed instruction and feedback, despite the team being conscious, 
from experience and the literature, of the ineffectiveness of instruction and feedback 
as ‘telling’ (Sadler, 2010). With experience, we have come to recognise the value of 
students completing draft work in advance of assessment/feedback workshops and 
that teachers survey (not mark) the draft work to inform the feedback exchanges in 
the workshops; the students’ draft work enhances connection of the feedback 
messages with the students’ work.    

Indications of the effectiveness of our approach are reflected in strong student 
engagement, including that >90% of students access online teacher feedback, >80% 
report they use feedback to improve their work, >75% include use of feedback 
statements (these are optional) with their submitted assessments, >75% submit draft 
work (also optional) in advance of assessment/feedback workshops and >75% of 
students report that they have found it useful to see how their peers have 
approached assessment tasks. We are therefore confident that the processes that 
underpin our assessment design result in students acting on feedback to improve 
their work. Evidence of impact is apparent in the high standard of work some 



students produce by the end of the academic year (Capel et al, 2019), but it is clear 
there is also evidence that impact is more modest, particularly with lower achieving 
students. Overall, our findings are broadly consistent with the findings of Zimbardi et 
al (2017), who report increased engagement with feedback when assessment design 
involves linked sequential tasks: 

“If assessment tasks are deliberately designed to build from earlier tasks, and the 
links between the sequential tasks are made explicit, students may be more 
inclined to draw on feedback from preceding tasks” (Zimbardi et al, 2017) 

The shift to ‘new paradigm thinking’ (Carless, 2015; Winstone and Carless, 2020) 
about feedback processes necessitates a cultural change within higher education. 
Our current reality is that the new paradigm approach forms only part of the culture 
our students experience; it is certainly not universal within their programmes or 
institution and undoubtedly they are being exposed to conflicting messages and 
cultures. Also, although our approach reflects many elements of new paradigm 
thinking, we are conscious that elements of old paradigm practice (e.g. teacher-
driven aspects, dependence on teachers, Winstone and Carless (2020)) are difficult 
to exclude, particularly when working with 1st year undergraduate students. Our 
journey with our students continues to be refined in the light of emerging thinking 
about feedback processes and evidence from practice and we look forward with 
some optimism that new paradigm thinking about feedback will become increasingly 
prominent in higher education in the UK. 

 

4. Conclusion 
Implementing a curriculum approach to assessment and feedback requires 
substantial investment in design and development of assessment and feedback 
processes.  From our experiences, we suggest the following as pre-requisites for 
successful implementation of such an approach: 

 a team of educators with shared understanding of curriculum aims 

 authenticity and activities that are directed towards programme level 
outcomes 

 dedicated curriculum space for meaningful student-student and student-
teacher dialogic exchanges. 

Although we have found the curriculum approach to assessment and feedback 
stimulating, challenging and rewarding, it is not a ‘magic bullet’. Feedback 
exchanges in workshops have increased awareness of, and thinking about feedback 
amongst teachers and students and this means we know feedback is being engaged 
with, and used by students to improve their work, but that the extent and 
sophistication of this is variable. For future iterations, we aim to identify strategies to 
address issues of low engagement and to support students to further enhance their 
proactive involvement in assessment and feedback processes. 
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