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Abstract

The primary role of higher education (HE) institutions has been to prepare its students for their
future careers in the workplace. Traditionally, this has been accomplished through a mix of
theoretical knowledge and practical application. Reflection has been effectively used in business
HE institutions to encourage students to seek beyond the descriptive and simple response to deep,
critical thinking and, effectively, make better choices. One pertinent area of business management
education that needs to emphasize higher-level critical thinking skills involves students who study
in the disciplines of Science, Technology, Engineering, or Maths (STEM). While STEM programs
focus on discipline specific expertise, MBA programs offer general management knowledge
across the disciplines which allows STEM students to be more effective in the workplace. STEM
education necessitates effective strategies for preparing young graduates who can successfully
meet the real world demands of the global economy and offer creative solutions for any wicked
problems they may face. Thus, today’s management education, regardless of the industry or
eventual work position, has accepted the need for reflection within and outside of the classroom.
Reflection was first introduced in a pedagogical context by Dewey early in the 20th century (Van
Beveren, Roets, Buysse, & Rutten, 2018). For Dewey, reflection is thinking (Pierson, 1998), but
is difficult to assess in regards to its research effects on education and professional development
(Rodgers, 2002). Perhaps for this reason, Dewey focused on systematic, rigorous, and disciplined
reflection deeply rooted in scientific inquiry (Rodgers, 2002) that was brought about by a moment
of doubt (Morrow, 2011). Schon elaborated on this concept of reflection and introduced the
expressions reflection-in-action, or thinking while doing the task and reflection-on-action that
entails thinking after the event or action is completed (Ferreira, n.d.; Hebert, 2015; Hickson, 2011;
Johnston & Fells, 2017; Kamerdeen, 2015; Leitch & Day, 2000; Rodgers, 2002; Tanggaard, 2007;
Thompson & Pascal, 2012; Van Beveren et al., 2018; Yanow & Tsoukas, 2009). Reflection-in-
action is based on routinized action, an encounter of surprise, and reflection leading to new action
and is often an improvised response which allows the participant to reflect while in the midst of
the action without interrupting what one is doing (Yanow & Tsoukas, 2009). This is most
commonly referred to as ‘thinking on your feet’. A person who is capable of this quick thinking
was defined by Schon as a ‘reflective practitioner’” who reflects on understanding actions,
subsequently, questioning and restructuring them, to make more effective future action choices
(Ash & Clayton, 2004; Morrow, 2009; Roberts, n.d.; Ryan, 2012; Xiao, Namukasa, & Caldeira,
n.d.). In today’s educational system, it is important for students to transfer problems across
educational and workplace contexts (Tanggaard, 2007) and address real-world problems (Ferreira,
n.d.). Real life problems are often complex and multi-faceted. They entail combining the data or
description the student has gathered (Rodgers, 2002) with their existing beliefs, heuristics, theory,
knowledge, or experience to decipher what the data or description is actually saying (Hebert,
2015). Learning then is transformed by the experiences in which the student participates
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(Miettinen, 2000), but this experience can change from one context to another. Two students can
look at the same event at the same time, yet see it differently (Ferreira, n.d.). Different cultures
may interpret the same stimulus in different ways (Miettinen, 2000) or react to it in seemingly
contradictory manners. There may not be one straightforward ‘right’ answer to a real-world
problem but a need to have alternative ways of seeing things (Thompson & Pascal, 2012). Thus,
“reflection itself becomes not a means to an end or something to perform, but rather a way of being
in the world” (Hebert, 2015, p. 369). Previous literature has examined different models of
reflection or levels of reflection that could be implemented in HE institutional settings such as
Gibb’s model of reflection (Roberts, n.d.), Watson-Glaser’s 5- step appraisal of critical thinking
(Cavdar & Doe, 2012), and Kolb’s active experimentation, concrete experience, reflective
observation, and abstract conceptualization (Morrow; 2009; Roberts, n.d.). In this paper, Baker’s
4-step model of reflection (identification, description, significance, and implications) was used as
the foundation of the MBA STEM student reflection papers (Kennison, n.d.). Baker’s model of
reflection was chosen for this study as it is most often utilized in medical and scientific settings
where the importance of evaluating and taking each decision can have dramatic effects on a larger
community; this is a potential challenge STEM students may face in their respective workplaces
as well. Reflection is social and flourishes in communities of practice. Traditionally, the concept
of reflection was seen as an individual learning experience which neglected the emotional
dimension of learning (Rodgers, 2002; Thompson & Pascal, 2012). However, participants need to
engage and discuss shared problems or activities (Lin, Hmelo, Kinzer, & Secules, 1999) to interact
and accommodate new experiences and actors to make new connections (Tsoukas & Chia, 2002).
For this reason, reflection has been accepted as a collective and social practice (Johnston & Fells,
2017). One crucial aspect of the collective side of reflection derives from its innate ability to
encourage groups of people with common goals to join together as communities of
learners/learning communities (Cavdar & Doe, 2012), educative community of critical
thinking/community of experts/community of inquiry (Golding, 2011), knowledge-building
communities, or, most commonly referred to as communities of practice (Hibbert, 2013; Roth &
Lee, 2006). Previous literature explored the concept of communities that are particularly relevant
to STEM students such as the ‘peer review community’ that is based on a high degree of clarity,
concision, collaboration and communication which is critical in STEM disciplines (Reed,
Pearlman, Millard & Carillo, 2014; Reynolds, Thaiss, Katkin, & Thompson, 2012). Another
pertinent community is the ‘faculty learning community (FLC)’ that has been created to improve
student learning and faculty professional development through discovery, mapping, and
developing to identify communication gaps and devise assignments that address them. Reflective
assignments, particularly written assignments, offer one possibility of addressing these gaps. The
success of writing is community based between STEM faculty and students (Reynolds et al., 2012)
where peers offer meaningful discourse on the work and provide feedback that engages students
in active critical thinking (Cavdar & Doe, 2012; Morrow, 2009; Morrow, 2011; Reed et al., 2014).
This dialogue or inner conversation that reflection encourages is dynamic and complex; it enhances
higher level critical thinking and promotes autonomy and empowerment (Abrami, Bernard,
Borkhovski, Waddington, Wade, & Persson, 2015; Kennison, n.d.). Through written reflections,
students consider multiple perspectives and question norms or prior learning to explain how they
would react to similar experiences in the future (Kennison, n.d.; Roberts, n.d.) by making
connections between course topics and their own lives and justifying any answers they may put
forth (Beigman Klebanov, Burstein, Harackiewicz, Priniski, & Mulholland, 2017; Morrow, 2011).
These written reflections can include but are not limited to, learning logs, diaries, or journals
(Morrow, 2009; Pierson, 1998). Written reflection moves students away from memorizing facts to
a deeper understanding of concepts and scientific ways of thinking that improves student learning
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and engagement (Reynolds et al., 2012). For STEM students, this type of written reflection
represents a shift from ‘knowledge telling’ to ‘knowledge transforming’ (Reynolds et al., 2012) in
a clear, concise, well-organized manner supported by empirical evidence (Jovanovic et al., 2017).
When students find a task useful and relevant beyond the immediate situation, they are more
engaged, work harder, and perform better (Beigman Klebanov et al., 2017), thus, written reflective
assignments that can be applied to and in real life are likely to produce more authentic reflections
(Jovanovic et al., 2017). Through written reflection based on thought-encouraging questions and
a thinking-encouraging approach, students can become critical thinkers (Golding, 2011) who
create co-reflective learning space with faculty that offers authentic intellectual challenges and
allows them to find their own voices (Morrow, 2011). Nonetheless, there are some challenges with
written reflection such as the risk that not all students are that profound nor honest; they may write
what they think the teacher wants to hear or be afraid of losing face in front of their colleagues.
Further, students may become self-conscious critics and be lost in isolated thinking or self-
absorption (Morrow, 2009; Morrow, 2011). Students may struggle to incorporate evidence in their
arguments (Cavdar & Doe, 2012), thus risking superficial responses that lack any indication of
higher-level critical thinking skills and have no impact on learning or future practice (Ryan, 2012).
There is a certain level of discomfort in sharing reflective writing with others (Pierson, 1998) as
emotional matters and sensitivities are directly related to reflection (Roberts, n.d.). An educator
cannot command a student to reflect or simply trust that reflection has taken place (Ash & Clayton,
2004). Rather, students need a supportive, non-threatening environment (Ryan, 2012) where they
are allowed to make mistakes (Kennison, n.d.).

Keywords: higher education, STEM education, critical reflective thinking, eflective learning

References

Abrami, P. C., Bernard, R. M., Borokhovski, E., Waddington, D. 1., Wade, C. A., & Persson, T. (2015). Strategies
for teaching students to think critically: A meta-analysis. Review of Educational Research, 85(2), 275-314.
doi: 10.3102/0034654314551063

Ash, S. L., & Clayton, P. H. (2004). The articulated learning: An approach to guided reflection and assessment.
Innovative Higher Education, 29(2), 137-154.

Beigman, Klebanov, B, Burstein, J., Harachiewicz, J. M., Priniski, S. J., & Mulholland, M. (2017). Reflective
writing about the utility value of science as a tool for increasing STEM motivation and retention- Can Al
help scale up? International Journal of Artificial Intelligence Education, 27, 791-818. doi: 10.1007/s40593-
017-0141-4

Cavdar, G., & Doe, S. (2012). Learning through writing: Teaching critical thinking skills in writing assignments.
The Teacher, 298-306. doi: 10.1017/S1049096511002137

Dewey, J. (1944). Democracy and Education. New York, N.Y.: Free Press.

Dewey, J. (1938). Experience and Education. New York, N.Y.: Collier Books, Macmillan.

Dewey, J. (1933). How we think. Buffalo, N.Y.: Prometheus Books.

Ferreira, S. (n.d.) Reflecting in and on action. MIT. Retrieved from
mit.edu/cil/web_scripts/.../Reflecting%20in%20and%200n%20Action%20CoLab.pdf

Golding, C. (2011). Educating for critical thinking: Thought-encouraging questions in a community of inquiry.
Higher Education Research & Development, 30(3), 357-370. doi: 10.1080/07294360.2010.499144

Hebert, C. (2015). Knowing and/or experiencing: A critical examination of the reflective models of John Dewey and
Donald Schon. Reflective Practice, 16(3), 361-371. doi: 10.1080/14623943.2015.1023281

Hibbert (2013) Approaching reflexivity through reflection: Issues for critical management education. Journal of
Management Education, 37(6), 803-827.

Johnston, S., & Fells, R. (2017). Reflection-in-action as a collective process: Findings from a study in teaching
students of negotiation. Reflective Practice, 18(1), 67-80. https://doi.org/10.1080/14623943.2016.1251410

Jovanovic, V. M., Tombolator-Terzic, D., Richards, D. P., Pazos, P., McKittrick, M, Romberger, J., & Popescu, O.
(2017). Developing a faculty learning community to support writing across different STEM disciplines.

81

https://scholarcommons.usf.edu/anaheipublishing/vol4/iss2019/1
DOI: 10.5038/2572-6374-v3



James and Cobanoglu: Proceedings of the Global Conference on Education and Research: Volume 3

ASEE- American Society for Engineering Education. Retrieved from
https://digitalcommons.odu.edu/engtech fac_pubs/72/

Kennison, M. (n.d.). Developing reflective writing as effective pedagogy. Nursing Education Perspectives, 33(5),
306-311.

Leitch, R., & Day, C. (2000). Action research and reflective practice: Towards a holistic view. Educational Action
Research, 8(1), 179-193. doi: 10.1080/09650790000200108

Lin, X., Hmelo, C., Kinzer, C. K., & Secules, T. J. (1999). Designing technology to support reflection. Educational
Technology Research and Development, 47(3), 43-62.

Miettinen, R. (2000). The concept of experiential learning and John Dewey’s theory of reflective thought and action.
(1), 54-72. doi: 10.1080/026013700293458

Morrow, E. M. (2011). Teaching critical reflection. Teaching in Higher Education, 1-20. doi:
10/1080/1356217.2010.515022

Morrow, E. M. (2009). Teaching critical reflection in healthcare professional education. Retrieved from
https://pdfs.semanticscholar.org/11e1/e2d2ba2a82c381de56c0f36154e7d59¢3955.pdf

Pierson, W. (1998). Reflection and nursing education. Journal of Advanced Nursing, 27, 165-170.

Reed, 1., Pearlman, S. J., Millard, C., & Carillo, D. (2014). Peer assessment of writing and critical thinking in
STEM: Insights into student and faculty perceptions and practices. Double Helix, 2(2014), 1-12.

Reynolds, J. A., Thaiss, C., Katkin, W., & Thompson, R. J., Jr. (2012). Writing-to-learn in undergraduate science
education: A community-based, conceptually driven approach. CBE- Life Sciences Education, 11, 17-25.
doi: 10.1187/cbe.11-08-0064

Roberts, C. (n.d.). Using reflective writing in your teaching: A workshop for STEM disciplines. The Higher
Education Academy. Retrieved from
https://www.heacademy.ac.uk/system/files/hub/download/hea guide -
_using_reflective_writing in your teaching.pdf

Rodgers, C. (2002). Defining reflection: Another look at John Dewey and reflective thinking. Teachers College
Record, 104(4), 842-866. Columbia University

Roth, W.-M., & Lee, Y.-J. (2006). Contradictions in theorizing and implementing communities in education.
Educational Research Review, 1, 27-40. doi: 10.1016/j.edurev.2006.01.002

Ryan, M. (2012). The pedagogical balancing act: Teaching reflection in higher education. Teaching in Higher
Education, 18(2), 144-155. doi: 10.1080/13562517.2012.694104

Tanggaard, L. (2007). Learning at trade vocational school and learning at work: Boundary crossing in apprentices’
everyday life. Journal of Education and Work, 20(5), 453-466. doi: 10.1080/13639080701814414

Thompson, N., & Pascal, J. (2012). Developing critically reflective practice. Reflective Practice, 13(2), 311-325.
doi: 10.1080/14623943.2012.657795

Tsoukas, H., & Chia, R. (2002). On organizational becoming: Rethinking organizational change. Organization
Science, 13(5), 567-582. http://dx.doi.org/10.1287/orsc.13.5.567.7810

Van Beveren, L., Roets, G., Buysse, A., & Rutten, K. (2018). We all reflect, but why? A systematic review of the
purposes of reflection in higher education in social and behavioral sciences. Educational Research Review,
24, 1-9. https://doi.org/10.1016/j.edurev.2018.01.002

Xiao, L., Namukasa, K., & Caldeira, M. (n.d.). Reflective practices in STEM subjects: A review, framework and
examination of two studies. 2nd International STEM in Education Conference. Retrieved from
https://www.researchgate.net/publication/235666903 Reflective Practices In STEM_Subjects A Review
_Framework And Examination Of Two_Studies

Yanow, D., & Tsoukas, H. (2009). What is reflection-in-action? A phenomenological account. Journal of
Management Studies, 1-26. doi: 10.1111/j.1467-6486.2009.00859.x

82

Published by Scholar Commons, May 21, 2019



