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Why reflection?



We’re after those breakthrough moments…

“Before I came to this class I had never really thought much about gender and 
what it means or that it is something that is fluid. Taking this course was 
completely eye opening and really made me think about things I have never 
had the chance to think about.” (Buckingham Shum, et al. 2017, p.76) 

“It was a great surprise to me to realize that coordination was such an 
important aspect of engineering”  (Reidsema, et al., 2010, p.9) 

“I had never previously given thought to this idea, as I had thought that a 
patient’s medications and medical conditions are fine to discuss with other 
family members.” (Lucas, et al. 2019, p.1267) 

Cited in: Liu, M., Kitto, K. & Buckingham Shum, S. (2021). Combining Factor Analysis with Writing Analytics for the Formative 
Assessment of Written Reflection. Computers in Human Behavior. https://doi.org/10.1016/j.chb.2021.106733

https://doi.org/10.1016/j.chb.2021.106733


…IF you know how to make your 
reflections visible in language

Some of the graduate attributes we want to build

Authentic Performance

Professional Disposition

Emotionally Integrated

Reflection

Theory & Practice Reflective writing is a window 
onto the mind

Sense of Calling

Epistemological Shifts



https://youtu.be/21eLAywwhPs

https://youtu.be/21eLAywwhPs


Why reflective writing?



Reflective Writing
• Promotes self-reflection and critical thinking (Mezirow, 1990).

• Provides evidence of students’ ability to: show self-critical insight, identify 
challenging issues, connect academic with experiential knowledge, 
acknowledge emotions and feelings, and reflect on how they can apply 
insights in the future (Gibson et al.,2017). 

• Helps to reflect on practice-based work placements, teamwork and learning 
(Boud, Keogh & Walker, 1985; Schön, 1987; Hatton & Smith, 1995, Tsingos et al.,2015).



Scholarship on reflective writing pedagogy

Challenging to teach and write
Goes against everything students have been drilled in re. performative writing
Common to get superficial or non-reflective description of experience mentioned in 
reflective writing 

Challenging to assess
Criteria may be unclear to the grading team
Writing is time consuming to grade: impossible to give timely, detailed feedback to a 
cohort, and certainly not on draft after draft



Reflective Writing Analytics focus on…

• Automatic detection of reflective elements
Reflective rhetorical move detection using rule-based concept matching 
(Buckingham Shum et al., 2017; Gibson et al., 2017) and machine learning (Ullmann, 2019).

• Automatic detection of reflection depth
Reflective statement classification using both rule-based and machine learning approaches 
(Ullmann, 2015; Ullmann, 2011; Kovanović et al., 2018).

• Generation of formative feedback
Instant 24/7 feedback to students on their drafts (Gibson et al., 2017; Lucas et al. 2018)



Operationalising what we mean by 
“good reflective writing” (1)

Conceptual model from the literature



Rhetorical moves in reflective writing

Gibson, A., Aitken, A., Sándor, Á., Buckingham Shum, S., Tsingos-Lucas, C. and Knight, S. (2017). Reflective Writing Analytics for Actionable Feedback. Proc. 
LAK17: 7th Int. Conf. on Learning Analytics & Knowledge, March 13-17, 2017, Vancouver. (ACM Press). https://doi.org/10.1145/3027385.3027436 Best Paper Award

https://doi.org/10.1145/3027385.3027436
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Gibson, A., Aitken, A., Sándor, Á., Buckingham Shum, S., Tsingos-Lucas, C. and Knight, S. (2017). Reflective Writing Analytics for Actionable Feedback. Proc. 
LAK17: 7th Int. Conf. on Learning Analytics & Knowledge, March 13-17, 2017, Vancouver. (ACM Press). https://doi.org/10.1145/3027385.3027436 Best Paper Award

https://doi.org/10.1145/3027385.3027436


Operationalising what we mean by 
“good reflective writing” (2)

Mapping progression in depth of 
reflective writing



Consider these 3 students...
Constructs Depth of Reflection

Capability for Written Reflection 
(CWRef): The ability to evidence, 
in writing, critical reflection on a 
challenging experience 

Non-Reflector
Habitual action: Engages in routine 
activity with little conscious thought 
(context)

Reflector
Reflective action: Reflects on what 
and how s/he perceives (context), 
thinks (challenges), feels (feelings), 
or acts (changes)

Critical Reflector
Premise reflection: Reflects on 
why s/he perceives (context), thinks 
(challenges), feels (feelings), or acts 
(changes) in particular ways

…is a function of…

Context: The observed learning 
experience

Describes a learning event Highlights a learning event, linking it 
to prior knowledge, beliefs or 
assumptions

Highlights a learning event, linking it 
to prior knowledge, beliefs or 
assumptions, and explains the 
reason for this association

Feelings: Feelings present during 
the initial experience

Shows little or no evidence of 
personal feelings, thoughts, 
reactions

Evidences some feelings about an 
experience, but does not explain 
why I feel this way

Evidences personal feelings 
(positive and/or negative) about an 
experience, and explains the cause 
for such feelings, and connects them 
to challenges

Challenges: The 
difficulties/problems encountered 
during the experience 

Shares no evidence of any problems 
encountered

Evidences one or more problems 
and explains why and how they 
were challenging

Evidences the impact of one or more 
problems on goals, and shares ideas 
on how to address this

Changes: Lessons learned and 
future plans

Shares no evidence of potential 
solutions or learning opportunities

Evidences potential solutions or 
learning opportunities 

Evidences learning opportunities 
from own and other perspectives, 
and/or considers how change is 
likely to lead to future benefits

1
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Assessment rubric (Acknowledgements to Cherie Lucas, UTS Pharmacy)

Constructs Depth of Reflection
Capability for Written Reflection 
(CWRef): The ability to evidence, 
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difficulties/problems encountered 
during the experience 
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and explains why and how they 
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Evidences the impact of one or more 
problems on goals, and shares ideas 
on how to address this

Changes: Lessons learned and 
future plans

Shares no evidence of potential 
solutions or learning opportunities

Evidences potential solutions or 
learning opportunities 

Evidences learning opportunities 
from own and other perspectives, 
and/or considers how change is 
likely to lead to future benefits



AcaWriter: web app released to all 
UTS students and staff

24/7 instant formative feedback (not automated grading) 
to coach academic rhetorical moves in multiple genres 
of writing



UTS-wide release: from project to product...

https://www.uts.edu.au/current-students/news/get-instant-feedback-your-academic-writing

A significant step: authentication, security, helpdesk...

Monthly training 
for academics
and tutors

https://www.uts.edu.au/current-students/news/get-instant-feedback-your-academic-writing


Usage of AcaWriter reflective writing 

Usage by staff 2018-2022 to 
teach their courses

22
Usage by students

5543
Usage by students on a course 
(code) or self-initiated (no code)



Visual language for rhetorical moves in reflective writing

Gibson, A., Aitken, A., Sándor, Á., Buckingham Shum, S., Tsingos-Lucas, C. and Knight, S. (2017). Reflective Writing Analytics for Actionable Feedback. Proc. 
LAK17: 7th Int. Conf. on Learning Analytics & Knowledge, March 13-17, 2017, Vancouver. (ACM Press). https://doi.org/10.1145/3027385.3027436 Best Paper Award

https://doi.org/10.1145/3027385.3027436


AcaWriter: 
automated 
feedback on 
reflective writing

Pharmacy Masters 
students reflecting on 
work placements



Lucas, C., Buckingham Shum, S., Liu, M., & Bebawy, M. (2021). 
Implementing AcaWriter as a Novel Strategy to Support Pharmacy 
Students’ Reflective Practice in Scientific Research. American Journal 
of Pharmaceutical Education, 8320. https://doi.org/10.5688/ajpe8320

Tabs 1 and 2 of the feedback

https://doi.org/10.5688/ajpe8320


Keeping the agency with the learner



How it works: rule-based concept 
matching grammar



How rhetorical parsing works

3 examples of 
“Shift in Perception”

with the same underlying 
concept pattern

Buckingham Shum, S., Sándor, Á., Goldsmith, R., Bass, R., & McWilliams, M. (2017). Towards Reflective Writing Analytics: 
Rationale, Methodology and Preliminary Results. Journal of Learning Analytics, 4(58-84). https://doi.org/10.18608/jla.2017.41.5

https://doi.org/10.18608/jla.2017.41.5


How rhetorical parsing works

http://heta.io/online-training-in-rhetorical-parsing

http://heta.io/online-training-in-rhetorical-parsing


How rhetorical parsing works
Uses the Athanor open source rhetorical parser developed by Ágnes Sándor & Claude Roux (Naver Labs Europe)

I do not feel as though I have sufficiently developed my

practical knowledge, or phronesis (Schwandt 2007), to a

point where I can speak up and challenge my manager.
Reflective sentence



How rhetorical parsing works
Uses the Athanor open source rhetorical parser developed by Ágnes Sándor & Claude Roux (Naver Labs Europe)



How rhetorical parsing works
Uses the Athanor open source rhetorical parser developed by Ágnes Sándor & Claude Roux (Naver Labs Europe)



How rhetorical parsing works

5 Athanor training webinars: 

http://heta.io/online-training-in-rhetorical-parsing

http://heta.io/online-training-in-rhetorical-parsing


Empowering educators: co-design



Co-designing the feedback messages with the academics

http://heta.io/how-can-writing-analytics-researchers-rapidly-codesign-feedback-with-educators
https://www.heta.io/co-designing-automated-feedback-on-reflective-writing-with-the-teacher

http://heta.io/how-can-writing-analytics-researchers-rapidly-codesign-feedback-with-educators
https://www.heta.io/co-designing-automated-feedback-on-reflective-writing-with-the-teacher


Google Doc to draft 
the feedback 
contingent on 
patterns:

presence/absence

sequencing

positioning

of sentence types

http://heta.io/how-can-writing-analytics-researchers-rapidly-codesign-feedback-with-educators
https://www.heta.io/co-designing-automated-feedback-on-reflective-writing-with-the-teacher

http://heta.io/how-can-writing-analytics-researchers-rapidly-codesign-feedback-with-educators
https://www.heta.io/co-designing-automated-feedback-on-reflective-writing-with-the-teacher


From co-designed draft 
to implementation

http://heta.io/how-can-writing-analytics-researchers-rapidly-codesign-feedback-with-educators
https://www.heta.io/co-designing-automated-feedback-on-reflective-writing-with-the-teacher

http://heta.io/how-can-writing-analytics-researchers-rapidly-codesign-feedback-with-educators
https://www.heta.io/co-designing-automated-feedback-on-reflective-writing-with-the-teacher


Resourcing educators: learning 
design patterns 

(WAWAs: Writing Activities with Writing Analytics)



https://www.heta.io/resources/wawa-improving-pharmacists-reflective-writing

https://www.heta.io/resources/wawa-improving-pharmacists-reflective-writing


https://www.heta.io/resources/wawa-improving-pharmacists-reflective-writing

https://www.heta.io/resources/wawa-improving-pharmacists-reflective-writing


How do students respond to this kind 
of AI?



Lucas, C., Buckingham Shum, S., Liu, M., & Bebawy, M. (2021). Implementing AcaWriter as a Novel Strategy to Support Pharmacy Students’ 
Reflective Practice in Scientific Research. American Journal of Pharmaceutical Education, 8320. https://doi.org/10.5688/ajpe8320

https://doi.org/10.5688/ajpe8320


Lucas, C., Buckingham Shum, S., Liu, M., & Bebawy, M. (2021). Implementing AcaWriter as a Novel Strategy to Support Pharmacy Students’ 
Reflective Practice in Scientific Research. American Journal of Pharmaceutical Education, 8320. https://doi.org/10.5688/ajpe8320

https://doi.org/10.5688/ajpe8320


Lucas, C., Buckingham Shum, S., Liu, M., & Bebawy, M. (2021). Implementing AcaWriter as a Novel Strategy to Support Pharmacy Students’ 
Reflective Practice in Scientific Research. American Journal of Pharmaceutical Education, 8320. https://doi.org/10.5688/ajpe8320

https://doi.org/10.5688/ajpe8320


Lucas, C., Buckingham Shum, S., Liu, M., & Bebawy, M. (2021). Implementing AcaWriter as a Novel Strategy to Support Pharmacy Students’ 
Reflective Practice in Scientific Research. American Journal of Pharmaceutical Education, 8320. https://doi.org/10.5688/ajpe8320

https://doi.org/10.5688/ajpe8320


Lucas, C., Buckingham Shum, S., Liu, M., & Bebawy, M. (2021). Implementing AcaWriter as a Novel Strategy to Support Pharmacy Students’ 
Reflective Practice in Scientific Research. American Journal of Pharmaceutical Education, 8320. https://doi.org/10.5688/ajpe8320

https://doi.org/10.5688/ajpe8320


Can a machine learn to do this?



UTS CRICOS 00099F

Evaluating Machine Learning Approaches to 
Classify Pharmacy Students’ Reflective Statements 

Ming Liu1, Simon Buckingham Shum1,
Efi Mantzourani2 and Cherie Lucas3

1 Connected Intelligence Centre, University of Technology Sydney, Australia
2 School of Pharmacy & Pharmaceutical Sciences, Cardiff University, UK
3 School of Pharmacy, University of Technology Sydney, Australia

@MingLiuResearch
@sbuckshum
@LucasReflection
@efi_mantz

AIED 2019: International Conference on Artificial Intelligence in Education



Summary

• A validated, graded corpus of reflective statements from authentic work-
placements (specifically, pharmacy students) was built

• A machine learning approach for reflection depth classification at 
paragraph level with features extracted from AWA + LIWC shows 
promising results (F-score =.799 using random-forest classifier).

• Textual features: the LIWC emotional and cognitive features, and AWA 
rhetorical move features are important indicators of the depth of the 
reflection



Deeper modelling of depth of 
reflection



Constructs Depth of Reflection
Capability for Written Reflection 
(CWRef): The ability to evidence, 
in writing, critical reflection on a 
challenging experience 

Non-Reflector
Habitual action: Engages in routine 
activity with little conscious thought 
(context)

Reflector
Reflective action: Reflects on what 
and how s/he perceives (context), 
thinks (challenges), feels (feelings), 
or acts (changes)

Critical Reflector
Premise reflection: Reflects on 
why s/he perceives (context), thinks 
(challenges), feels (feelings), or acts 
(changes) in particular ways

…is a function of…

Context: The observed learning 
experience

Describes a learning event Highlights a learning event, linking it 
to prior knowledge, beliefs or 
assumptions

Highlights a learning event, linking it 
to prior knowledge, beliefs or 
assumptions, and explains the 
reason for this association

Feelings: Feelings present during 
the initial experience

Shows little or no evidence of 
personal feelings, thoughts, 
reactions

Evidences some feelings about an 
experience, but does not explain 
why I feel this way

Evidences personal feelings 
(positive and/or negative) about an 
experience, and explains the cause 
for such feelings, and connects them 
to challenges

Challenges: The 
difficulties/problems encountered 
during the experience 

Shares no evidence of any problems 
encountered

Evidences one or more problems 
and explains why and how they 
were challenging

Evidences the impact of one or more 
problems on goals, and shares ideas 
on how to address this

Changes: Lessons learned and 
future plans

Shares no evidence of potential 
solutions or learning opportunities

Evidences potential solutions or 
learning opportunities 

Evidences learning opportunities 
from own and other perspectives, 
and/or considers how change is 
likely to lead to future benefits

Liu, M., Kitto, K. & Buckingham Shum, S. (2021). Combining Factor Analysis with Writing Analytics for the Formative Assessment of Written Reflection. Computers in 
Human Behavior. https://doi.org/10.1016/j.chb.2021.106733. Part of a Special Issue: Towards Strengthening Links Between Learning Analytics and Assessment: 
Challenges and Potentials of a Promising New Bond, (Eds.) Dragan Gašević, Samuel Greiff, David Williamson Shaffer. 

https://doi.org/10.1016/j.chb.2021.106733
https://www.sciencedirect.com/journal/computers-in-human-behavior/special-issue/10KQ14H3L6W


Now formalised as a model of Capability for written reflection

Liu, M., Kitto, K. & Buckingham Shum, S. (2021). Combining Factor Analysis 
with Writing Analytics for the Formative Assessment of Written Reflection. 
Computers in Human Behavior. https://doi.org/10.1016/j.chb.2021.106733

https://doi.org/10.1016/j.chb.2021.106733


Liu, M., Kitto, K. & Buckingham Shum, S. (2021). Combining Factor Analysis 
with Writing Analytics for the Formative Assessment of Written Reflection. 
Computers in Human Behavior. https://doi.org/10.1016/j.chb.2021.106733

Now formalised as a model of Capability for written reflection

https://doi.org/10.1016/j.chb.2021.106733


Standardized factor loadings for the model (Pharmacy)

Liu, M., Kitto, K. & Buckingham Shum, S. (2021). Combining Factor Analysis 
with Writing Analytics for the Formative Assessment of Written Reflection. 
Computers in Human Behavior. https://doi.org/10.1016/j.chb.2021.106733

https://doi.org/10.1016/j.chb.2021.106733


Standardized factor loadings for the model (Data Science)

Liu, M., Kitto, K. & Buckingham Shum, S. (2021). Combining Factor Analysis 
with Writing Analytics for the Formative Assessment of Written Reflection. 
Computers in Human Behavior. https://doi.org/10.1016/j.chb.2021.106733

https://doi.org/10.1016/j.chb.2021.106733


Enabling more nuanced, helpful  
automated formative feedback?

Liu, M., Kitto, K. & Buckingham Shum, S. (2021). Combining Factor Analysis with Writing Analytics for the Formative 
Assessment of Written Reflection. Computers in Human Behavior. https://doi.org/10.1016/j.chb.2021.106733.

https://doi.org/10.1016/j.chb.2021.106733


CWRef-based progression across 14 drafts of a reflective report (from a real student)



CWRef-based progression across 14 drafts of a reflective report (from a real student)



Progression Feedback: 

<Revision 10> Well done, it appears that you have made 
some progress by analyzing your experience in more 
detail, and the challenges you encountered...

CWRef-based progression across 14 drafts of a reflective report (from a real student)



Self-regulation Feedback:

<Revision 12> Well done! Looking back, you can see 
how your drafts have varied but overall, have really 
improved. Does it make sense to you why the scores for 
context, challenges and changes went up and down?

CWRef-based progression across 14 drafts of a reflective report (from a real student)



Imperfect analytics/AI for formative 
feedback as a feature (not a bug)

Kirsty Kitto, Simon Buckingham Shum, and Andrew Gibson. (2018). Embracing Imperfection in Learning Analytics. In Proceedings LAK18: International Conference on 
Learning Analytics and Knowledge, March 5–9, 2018, Sydney, NSW, Australia, pp.451-460. (ACM, New York, NY, USA). https://doi.org/10.1145/3170358.3170413

https://doi.org/10.1145/3170358.3170413
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ind

cognitive dissonance with what the AI reflects back
opens up teachable, reflective moments?

On the role of imperfect AI in formative feedback?

https://www.newscientist.com/article/dn24466-the-halloween-trick-that-conjures-ghosts-of-the-mind


Partners in cognition: extending human intelligence with 
intelligent technologies (1991)

Learners’ engagement with intelligent technology 
should not be mindless. 

On the contrary we should design for…

“nonautomatic, effortful and thus 
metacognitively guided processes”

Gavriel Salomon, David Perkins and Tamar Globerson (1991). Partners in cognition: extending human intelligence with intelligent technologies. Educational Researcher, 20, 3 (1991), 2–9.



Imperfect Learning Analytics à cognitive dissonance

Kirsty Kitto, Simon Buckingham Shum, and Andrew Gibson. (2018). Embracing Imperfection in Learning Analytics. In Proceedings LAK18: International Conference on 
Learning Analytics and Knowledge, March 5–9, 2018, Sydney, NSW, Australia, pp.451-460. (ACM, New York, NY, USA). https://doi.org/10.1145/3170358.3170413

“…as D’Mello and Graesser [15] demonstrate, it is when the 
student experiences dissonance because the 
analytics fail to match their expectations that 
they are likely to reflect on why they think the 
machine is wrong. We believe that this form of critical 
questioning is more likely to happen if the student has been given an 
underlying reason to be a little distrustful of the classifier.”

https://doi.org/10.1145/3170358.3170413


Summary

An example of designing “digital mirrors” to provoke 
deeper human reflection 

AI imperfection is not a showstopper, if the learning 
design is robust, and students are empowered to 
think critically

Positive responses from students and academics

Learner and educator agency are important



(Overview and insights from 5 years research) Knight, S., Shibani, 
A., Abel, S., Gibson, A., Ryan, P., Sutton, N., Wight, R., Lucas, C., 
Sándor, Á., Kitto, K., Liu, M., Mogarkar, R. & Buckingham Shum, S. 
(2020). AcaWriter: A learning analytics tool for formative feedback 
on academic writing. Journal of Writing Research, 12, (1), 141-186.

Academic Writing Analytics project 
https://cic.uts.edu.au/tools/awa

https://open.uts.edu.au/uts-open/faculty/connected-intelligence-centre/writing-an-abstract/

Access full version of AcaWriter via this 1 hour tutorial…

https://doi.org/10.17239/jowr-2020.12.01.06
https://cic.uts.edu.au/tools/awa
https://open.uts.edu.au/uts-open/faculty/connected-intelligence-centre/writing-an-abstract/

