AN OVERVIEW OF RESEARCH METHODS IN ENGINEERING EDUCATION
25 February 2009

University of Southern Queensland

Toowoomba

Dr Lesley Jolly

AN OVERVIEW OF RESEARCH METHODS IN ENGINEERING EDUCATION
25 February 2009

WORKSHOP TIMETABLE

	TIME
	TOPIC
	ACTIVITY

	9.45
	Coffee and get to know you
	

	10.00 – 10.45
	Introduction to educational research
	Does your project hang together?

	10.45 – 11.30
	Deciding what counts as evidence
	Identifying the evidence you need

	11.30 – 12.30
	Data gathering methods
	Reviewing methods for your project

	12.30 – 1.15                                     LUNCH

	1.15 – 2.15
	Analysing evidence
	Tricks of the trade and some software

	2.15 – 3.15
	Publication
	Knowing your audience

	3.15 – 3.30                                    AFTERNOON TEA

	3.30 – 4.00 
	Review and discussion
(we can stay until 5 if you want to discuss your project with us)
	Bring out your questions
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WORKSHOP NOTES

Workshop Objectives

On completion of the workshop, participants will be able to:

· Understand the nature and functions of qualitative research

· Construct a methodological logic appropriate to given research questions

· Identify the kinds of evidence required and the major methods for gathering each kind

· Identify the implications of the methodology for budget, ethics and other empirical concerns

· Outline the major constraints on analyzing qualitative data
· Identify how best to use available evidence for a range of publication purposes and audiences

Key questions in planning your research
1. What do I want to know and who am I going to tell?

2. What kind of evidence will answer my question?

3. How will I get that evidence?

4. How will I analyse that evidence?

5. How can I turn my analysis into publications for a variety of audiences?

BUT first a word about epistemology…

[It is useful to read Borrego 2007 in conjunction with the following presentation]

	Slide 1
	___________________________________
___________________________________

___________________________________

___________________________________

___________________________________


	Frameworks in Research

	Slide 2
	___________________________________
___________________________________

___________________________________

___________________________________

___________________________________


	Considering epistemology orients us to the field

	Slide 3
	___________________________________
___________________________________

___________________________________

___________________________________

___________________________________


	Epistemology deals with the nature of knowledge

	Slide 4
	___________________________________
___________________________________

___________________________________

___________________________________

___________________________________


	Positivism holds that meaning exists external to the knower

	Slide 5
	___________________________________
___________________________________

___________________________________

___________________________________

___________________________________


	Constructionism holds that meaning is constructed in minds

	Slide 6
	___________________________________
___________________________________

___________________________________

___________________________________

___________________________________


	Any method can be used in either positivist or constructionist ways

	Slide 7
	___________________________________
___________________________________

___________________________________

___________________________________

___________________________________


	Epistemology has implications for the kind of question we ask

	Slide 8
	___________________________________
___________________________________

___________________________________

___________________________________

___________________________________
	It will influence our choice of theoretical framework

	Slide 9
	___________________________________
___________________________________

___________________________________

___________________________________

___________________________________
	It will influence our choice of methodology

	Slide 10
	___________________________________
___________________________________

___________________________________

___________________________________

___________________________________


	It provides a rationale for our choice of methods

	Slide 11
	___________________________________
___________________________________

___________________________________

___________________________________

___________________________________
	Methods are chosen congruent with epistemology

	Slide 12
	___________________________________
___________________________________

___________________________________

___________________________________

___________________________________
	Need to describe methods in detail

	Slide 13
	___________________________________
___________________________________

___________________________________

___________________________________

___________________________________
	Need to consider analysis as well as data gathering

	Slide 14
	___________________________________
___________________________________

___________________________________

___________________________________

___________________________________
	Can you justify the coherence of your research approach?

	Slide 15
	___________________________________
___________________________________

___________________________________

___________________________________

___________________________________
	Wider understanding of social research will help you make better procedural choices

	Slide 16
	___________________________________
___________________________________

___________________________________

___________________________________

___________________________________
	Engineering knowledge + well-constructed research = more informed innovations in engineering education


1. What do I want to know and who am I going to tell?
Questions to ask yourself:
· Does this topic (or setting or method) really interest me?
· Is this a problem that is amenable to scientific enquiry?

· Are adequate resources available for this topic/setting/method?

· Will my question or methods lead to unresolvable ethical problems?

· Is the topic of theoretical and/or practical interest?

2. What kind of evidence will answer my question?

Methodological triangulation will strengthen the argument
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2009 will mark the 20th anniversary of AAEE and our 20th conference will be held at the
University of Adelaide. The campus lies in the heart of the City of Churches with an
abundance of accommodation and dining opportunities in easy walking distance. The
South Australian vineyards, world famous for their excellent wine are only a short trip
North, East and South of the City. To the East (a tram ride away) lie the golden sandy
beaches. For more details on this please visit the conference website at

http://www plevin.com aw/aaee2009/
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Major Variables
	
	Internal States

Cognition, values
	External States

attribute data
	Reported Behaviour

what they say they do
	Observed Behaviour

what they do
	Artifacts

all physical residue
	Environment

social and physical

	Internal States
	I
	II
	IIIa
	IIIb
	IV
	V

Extent to which time shared in ‘learning space’ leads to reinforced attitudes to course and contents

	External States
	
	VI
	VIIa
	VIIb
	VIII
	IX

How the learning centre contributes to or alleviates stress

	Reported Behaviour
	
	
	Xa
	Xb
	XIa
	XIIa

Relation between time spent in learning centre and study at home

	Observed Behaviour
	
	
	
	Xc
	XIb
	XIIb

Time spent in study vs socialising according to presence of computers

	Artifacts
	
	
	
	
	XIII
	XIV

The probability that certain artifacts will be used in the learning centre

	Environment
	
	
	
	
	
	XV

How social and environmental factors combine to facilitate group study in learning centres


* adapted from Bernard, H. R. (2002) Research Methods in Anthropology, Table 3.1, pg 85.

3. How will I get that evidence?

Matching methods to variables

Internal states:
direct questioning – survey, interview, phenomenography, diary studies, pile sorts

Indirect inference – observe behaviour in controlled circumstances, psychological testing, art therapy, narrative analysis

External states: direct measurement/observation - medical records, tax returns, census data, clinical histories



Indirect observation -  self-report

Behaviour:
reported -  survey, interview, diary studies, social network analysis, scenario-based interviews, verbal protocols
Observed -  focal, scan and selective observation, objective tests, behaviour traces, mapping

Artifacts:
Direct observation – counting, describing, photography, transect walk



Indirect – self-report, documentary research

Environment:
direct observation – photography, measurement, mapping, documentary sources, participant observation



Indirect observation – self-report

4. How will I analyse that evidence?

There are four logical possibilities:
	
	
	DATA

	
	
	Qualitative
	Quantitative

	ANALYSIS
	Qualitative (meaning)

	Interpretive studies
	Hierarchical clustering


	
	Quantitative (description)
	Content analysis
	Numerical or statistical


Constant validity checking – watch out for
· Inconsistencies and the reasons for them

· Check one set of data (eg interviews) against another (eg archives)

· Be open to negative instances

· Seek out alternative explanations

· Use outliers to re-examine your own ideas

Use data matrices


Profiles – how one thing is related to another

Proximity – measures of relation between items

And causal maps


Concept maps


Flow charts


Models

5. How can I turn my analysis into publications for a variety of audiences?


Here’s what any audience wants to know:
1. Why should I be interested?

a. Relate to literature (academic)

b. Relate to policy (decision makers)

c. Relate to demonstrable interests (students)

2. What did you do?

a. Methodology (academic)

b. Sampling (decision makers)

c. Plausibility

3. What did you find out?

a. Relates to interests of audience

4. So what?

a. What are the implications for the immediate audience.

6. References
Atkinson, P. et.al. (2001). Handbook of Ethnography. Sage, Los Angeles.

Atkinson, P. And M. Hammersley. (2007). Ethnography: Principles in Practice. 2nd ed. London: Routledge.

Bernard, H.R. (2002) Research Methods in Anthropology. AltaMira, Walnut Creek, CA.

Borrego, M. (1997) Conceptual Difficulties Experienced by Trained Engineers Learning Educational Research Methods. Journal of Engineering Education 96(2): 91-102’
Briggs, C.L. (1986). Learning How to Ask. Cambridge: Cambridge University Press

Crotty, M. (1998). The Foundations of Social Research.  St Leonards, NSW: Allen & Unwin.
Flick, U. (2007) The Sage Qualitative Research Kit. London: Sage.

Fowler, F. (2009) Survey Research Methods. Thousand Oaks: Sage Publications.
Handwerker, P. (2001) Quick Ethnography. AltaMira, Walnut Creek, CA.
Homan, R. (1991) The Ethics of Social Research. London: Longman.
Kellehear, A.( 1993) The Unobtrusive Researcher: A Guide to Methods   St. Leonards: Allen & Unwin.
Leatherby, G. et.al. (2007) Extending Social Research: Application, Implementation and Publication. Maidenhead: Open University Press.
Leydens, J. A., B. M. Moskal, et al. (2004). "Qualitative methods used in the assessment of engineering education." Journal of Engineering Education 93(1): 65 - 72.
Spradley, J.P. (1979) The Ethnographic Interview.  New York:  Holt, Rinehart and Winston.
Stewart, D.W. et.al. (2007) Focus Groups: Theory and Practice. Thousand Oaks: Sage Publications.

Stringer, E.T. (2007) Action Research. Thousand Oaks: Sage Publications
Waller, A. (2001). Quantitative and qualitative research methods: Bridging the gap. American Society for Engineering Education Annual Conference and Exposition, Albuquerque, NM.
Yin, R.K. (2003) Case Study Research: Design and Methods. Thousand Oaks: Sage Publications
THE ASSUMPTIONS OF ETHNOGRAPHIC RESEARCH

(based on the work of Dr Liz Godfrey)

Man (woman?) is an animal suspended in webs of significance he himself has spun. I take culture to be those webs, and the analysis of it to be therefore not an experimental science in search of law but an interpretive one in search of meaning                                                                       Geertz, 1973, p. 5

Ethnography is the scientific investigation of human culture, but culture is itself such a slippery and multifarious concept that it has proven singularly difficult to define. Whatever different ethnographers have thought culture might be, they have used a wide variety of methods to investigate it and usually using many more than one method in each case. In some quarters ethnography is equated with qualitative methods, often reduced to interviews. Here we put forward a more expansive and traditional view of ethnography as a multi-method approach to studying culture whose disparate activities are base on a number of similarities.

Assumption 1: the need for participant observation

Participant observation is the process of establishing a place
in some natural setting on a relatively long-term basis in order

to investigate the social life and processes of the setting. As

an outsider the participant observer has special insight into

those aspects of the local culture that are most taken for granted

and hence invisible to the locals. Prolonged exposure to life in 

the setting as locals live it gives extra insight into the meanings

being locally created. The advantages of participant observation 

are:

1. Opens up a greater variety of data gathering opportunities

2. Reduces observer effect

3. Allows use of locally meaningful questions

4. Provides powerful triangulation on self-report

5. Allows better grasp of meaning of data

Insider research refers to ethnographic study made by a member 

of the community in question. Insider researchers have to work hard 
at maintaining the naivete which allows them to scrutinise the taken
for granted aspects of culture.

Assumption 2: explaining one’s stance
There are two reasons for having to make one’s theoretical and methodological assumptions very clear in ethnography. The first relates to the ill-defined nature of the constructs and the other to the fact that the researcher is also research instrument.
Given that so many definitions exist of central concepts in social research, each researcher needs to explain and justify which position they are adopting. Engineering faculty are not accustomed to explicitly articulating the theoretical frameworks or assumptions underlying their disciplinary research. Scientific and engineering laws and theories, such as Boyles Law, are implicitly agreed upon by the discipline and not explicitly stated as assumptions, whereas in education research such certainty and agreement are not uniformly agreed upon. Frameworks, assumptions, perspectives and paradigms must be stated and their relevance for the study discussed. Without this sort of explicitness, informed peer review is deemed impossible

Because it is the researcher’s experience and interpretation of data that forms the basis of ethnographic analysis, transparency requires that the researcher consider possible biases in their own position and make these clear to the reader. This requires a sophisticated degree of reflexivity, not only about one’s practice but about the construction of knowledge.
Assumption 3: the need for triangulation

Where the researcher is the instrument, sources of data are subject to reactivity and circumstances change over time, the security of an interpretation needs to be enhanced through triangulation.

· Methodological triangulation, combines dissimilar methods such as interviews, observations, and physical evidence to study the same unit. Within the interpretivist research paradigm the majority of data will be qualitative i.e. words, but quantitative data are also appropriate within the same study particularly in support of a generalisation made from a single or limited observation. 
· Data triangulation uses purposive sampling within one method, such as interviews, to ensure different perspectives by choosing participants of different gender, status, ethnicity, and, where deemed useful, participants known to hold opposing or alternate viewpoints. 
· A comparison of data from different years and different students and staff, made possible by long term and repeated observation is another way of validating the interpretation of data, and this has been named as time triangulation.

*both figures adapted from Handwerker (2001)

The Australasian Association for Engineering Education invites you to become an active member in its Educational Research Methods Special Interest Group. You can do this by:
· Coming to the conference – and submitting a paper


The ERM group will host invited papers as well as regular sessions, there will be a workshop on multidisciplinarity and an ERM breakfast to plan next year’s activities. Hope to see you there!

· Visiting and contributing to the ERM wiki at www.aaee-scholar.pbwiki.com 

What are the effects on student learning and attrition rates of the provision of collaborative learning spaces?





LIT REVIEW


What is already known?


People/papers/ databases


Meta-analysis





‘Objective’  measures


Observation, tests, statistics








Participants’ behavior


Interview, survey





Fieldnotes


The difference between participant observation and just being there is the evidence provided by fieldnotes. They are created in three stages:


Jottings


Short notes made on the spot.


Journal entries


Detailed version of the jottings made within a few hours of the events recorded


Log trail


This incorporates organisation, analysis and reflection on the notes, and planning for future actions. It also records the developing ideas of the researcher. 





Sources of error in ethnography


Reactivity


Informant researcher


Context





Questions


Ambiguity


Means nothing locally


Biased phrasing





Respondent


Uninterested


Fatigue


Embarrassed


Memory


Threatened





Ethnographer


Bias and filters from previous experience


Memory


Perceptual errors of recording


File coding errors


Absence of empathy, engagement


Failure to understand language/jargon

















Plan publication from the beginning and structure data gathering and analysis with publication in mind.











Dr Lesley Jolly
Strategic Partnerships
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