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Engineering educators are naturally inclined 
to ask questions about teaching/learning…

Are my students really learning?
What knowledge and skills do students need to possess? (after an assignment, 

after a course, as a college graduate)

If I change my teaching, will my students learn better?
If I start using active learning strategies, will it make any difference?
How well do your students exhibit the desired knowledge/skills one 

year after completing your course?  Five years?



Engineering educators are naturally inclined 
to think about meaningful assessment…

It looks like
11 student 
outcomes.

On closer
inspection,
it’s really 35 
outcomes!



Barret Havens (2013)



“There are disadvantages to being 
successful and not knowing why.  
Not knowing what contributes to 
an exceptional performance 
makes an institution vulnerable
to losing over time what made it 
successful in the first place” (Kuh
et al., 2010, p. 18; emphasis 
added).



Terminology
ABET Definitions

Assessment is one or more processes that 
identify, collect, and prepare data to evaluate 
the attainment of student outcomes. Effective 
assessment uses relevant direct, indirect, 
quantitative and qualitative measures as 
appropriate to the outcome being measured.  
Appropriate sampling methods may be used as 
part of an assessment process.
Evaluation is one or more processes for 
interpreting the data and evidence accumulated 
through assessment processes.  Evaluation 
determines the extent to which student 
outcomes are being attained.  Evaluation results 
in decisions and actions regarding program 
improvement.
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Eric’s Definitions

Assessment data are used to examine current 
performance for the purpose of future 
improvement (assessment).

Evaluation data are used to examine past 
performance and provide feedback (grading).





Today’s Organizational Approach:
Action Research

Identify 
problem/challenge

Collect data

Interpret/analyze 
data

Act on the evidence

Reflect on 
outcomes/evaluate 

results



What action research is NOT…
Action research is 

• NOT a library project 
• NOT a search for what is wrong, but a search for how to 

improve
• NOT about a comprehensive literature review or 

generalizable research
• NOT about learning why we do certain things, but rather 

how we can do thing better

Ferrance (2000)



Note: If you want this to be “research”…

• Make sure you have completed the Social and Behavioral Researchers 
ethics training at www.citiprogram.org

• Make sure you have a consent form in place for your students and/or 
your faculty participants.

• Understand your local Institutional Review Board (IRB) rules
• This workshop will teeter-totter between action research vs. research

http://www.citiprogram.org/


My own action research example



Embedded 
Assessment





Blackboard rubric features







Example from PSYC 321 Introduction section assignment













Action Research: Identify the problem or challenge

Identify problem 
or challenge



Thesis Statement

• An assertion, not a statement of fact
• Takes a stand, rather than introducing a topic
• Is a main idea, not a title
• Is narrow rather than broad, is specific rather than general
• Makes one main point rather than several main points



Thesis Statement Examples
Not So Good Better

It is a fact that individuals who are more 
liberal do a better job recycling.

The degree to which a person chooses to 
recycle may be related to their political 
beliefs.

Researchers who rely on survey 
methodology are unaware of the 
disadvantages of response rate, lack of 
anonymity, and cost per respondent.

Survey outcomes need to be considered in 
the context of the limitations of survey 
research methodology.

Homelessness is unfair to children.
Children who are homeless are at risk to 
experiencing multiple deficits in their 
cognitive development.

The effect of student study time on 
classroom performance.

The effectiveness of student study 
strategies is influenced by more than time-
on-task.



Research Question

• Shares some similarities to a thesis statement
• Should not be too broad, but not too narrow (“just 

right”)



Research Question Examples
Too Broad Good Balance Too Narrow

Why do adolescents smoke?
What is the impact of peer 
smoking on an adolescents’ 
decision to smoke or not?

If an adolescence’s parents are 
divorced (one parent has 
remarried and one parent has 
not), and if one of those parents 
smoke, does the adolescent 
begin smoking?

Does marriage make a 
person happy?

What is the relationship 
between age at marriage, 
marriage longevity, and marital 
satisfaction?

What is the best combination of 
exact ages for two people to be 
married and also be happy for 
most of the marriage?

How can students improve test 
scores?

What is the association between 
cumulative student study effort 
and test performance?

If a student studies 2 hours 
before the test, and another 
2 hours the day before the day 
before the test, will the student 
perform well?



Action Research: Collect data

Collect data



Student-Focused Data
• I will be using grades from students in my own class.  This includes overall 

course grade and/or grades on specific assignments or parts of an 
assignment (e.g., rubric scores).

• I will be using grades from students, but they are not any of my currently 
enrolled students.  This includes overall course grade and/or grades on 
specific assignments or parts of an assignment (e.g., rubric scores).

• I will be examining student performance (i.e., grades) in a subsequent 
course.

• I will be examining student performance (i.e., grades) from previous 
semesters (i.e., grades) to my current course.

• I will be examining student performance (i.e., grades) from a mid-term 
exam compared to final exam.



Student-Focused Data

• I will be asking student participants using a survey format if they 
engaged in certain behaviors (e.g., reading, studying, course 
preparation, use of technology, etc.).

• I will be asking student participants using a survey format about their 
beliefs, expectations, perceptions, or opinions about a course-related, 
academic topic or about themselves.



Student-Focused Data

• I will be tracking student attendance at regular classroom sessions.
• I will be tracking student attendance at study sessions (e.g., tutorials, 

learning assistant sessions, test reviews).
• I will be tracking student participation via online activity (e.g., 

Blackboard discussion board posts, Piazza usage).
• I will be collecting data based on their time on task (i.e., time spent 

on homework using ALEKS).



Student-Focused Data

• I will be tracking the costs (both time and resources) of the planned 
change used in my study.

• I will want to access basic demographic data (age, gender, year in 
school, ethnicity, major, etc.).



Faculty-Focused Data
• I will be asking faculty participants using a survey format if they 

engaged in certain behaviors (e.g., reading, studying, course 
preparation, use of technology, etc.).

• I will be asking faculty participants using a survey format about their 
beliefs, expectations, perceptions, or opinions about a course-related, 
academic topic or about themselves.

• I will be asking faculty members to write (in narrative form) about 
their perceptions of the course changes they have implemented, 
including recommendations for improvement.



Faculty-Focused Data

• I will be observing faculty performance in the classroom using a 
normed observation protocol.

• I will be observing the impact of the study by reviewing my own 
course evaluation outcomes.

• I will be observing the impact of the study by reviewing the course 
evaluations of other faculty members (with permission).



Faculty-Focused Data

• I will be informally tracking how often teaching-related topics are 
discussed in faculty meetings and hallway conversations regarding 
student academic performance.

• I will be measuring faculty participation by tracking the retention of 
faculty members in the project, including the number of new faculty 
who join the project.



Faculty-Focused Data

• I will be tracking the usage of evidence-based 
instructional practices that faculty members in my 
department employ.

• I will be tracking the costs (both time and resources) of 
the planned change used in my study.

• I will want to access basic demographic data (age, 
gender, rank, department, college, teaching load, 
research load, etc.).



Action Research: Interpret and/or analyze data

Interpret 
and/or 

analyze data



Different Types/Kinds of Data



An example…

An educator might design a survey to study the effectiveness of a recent 
campaign in using techniques of recruiting students into STEM majors. To ascertain 
effectiveness, a series of survey items are developed where new STEM majors reply 
using an agreement scale from 1 = strongly disagree to 5 = strongly agree. At the 
end of the survey, however, two open-ended questions are also asked: 1) how do 
you think the information presented during STEM recruiting influenced you to 
major in a STEM discipline, and 2) what suggestions do you have for the next STEM 
student recruitment campaign? 

The approach described here utilizes a quantitative approach using survey 
items and also a qualitative approach by looking at responses in the students’ own 
words. 



Comparing Qualitative and Quantitative 
Approaches

Qualitative

• The data tend to be verbal (non-
numerical)

• The general purpose of data 
analysis is to discover patterns

Quantitative

• The data tend to be numerical 
(non-verbal)

• The general purpose is to 
describe and test 
hypotheses/ideas



(Mertler & Charles, 2008)



Quantitative Data

• Quantitative research involves measurement with regard to a 
numerical data collection approach, and focuses on behaviors that 
can be quantified or counted (Cozby & Bates, 2012).

• Quantitative variables differ in amount; there is more or less of some 
known entity. Quantitative variables are usually described by 
numbers, and researchers often strive to develop measures of 
behaviors which yield a meaningful number. 

• On a survey, if I asked you to answer multiple questions about your 
experience at the mall where 0 = terrible experience and 10 = best experience 
ever, this would be quantitative data. 



Quantitative Data Analysis Options

• Statistical Package for the Social Sciences [SPSS] (www.spss.com)
• Microsoft Excel (office.microsoft.com/en-us/excel/)
• R (www.r-project.org)
• SAS (www.sas.com)
• Minitab (www.minitab.com)





Quantitative researchers strive for validity and 
reliability

• Reliability means consistency in measurement.
• Validity is the essential idea that what we think we are measuring is 

actually being measured.
• There are many different kinds/types of reliability and validity.



Qualitative Data

• Words are typically more ambiguous than numbers
• Words have multiple meanings
• To understand the precise nature of what is meant by words, the 

words before and after must also be considered

(Miles & Huberman, 1984)



“A chronic problem of qualitative research is that it is done chiefly 
with words, not with numbers.  Words are fatter than numbers and 
usually have multiple meanings.  This makes them harder to move 
around and work with.  Worse still, most words are meaningless 
unless you look backward and forward to other words.  Numbers, by 
contrast, are usually less ambiguous and may be processed with 
more economy.  Small wonder, then, that most researchers prefer 
working with numbers alone, or getting the words they collect 
translated into numbers as quickly as possible.”

(Miles & Huberman, 1984, as cited in LeCompte, et al., 1993, p. 234)



Qualitative Data Analysis Options

• NVivo (http://www.qsrinternational.com/products_nvivo.aspx)
• QDA Miner (http://provalisresearch.com/products/qualitative-data-

analysis-software/)
• MAXQDA (http://www.maxqda.com/)
• ATLAS.ti (http://www.atlasti.com/qualitative-data-analysis-

softw.html)



Possible forms of verbal relationships in qualitative 
data analysis

Relationship Form
Strict inclusion X is a kind of Y

Spatial X is a place in Y; X is a part of Y
Cause-effect X is a result of Y; X is a cause of Y

Rationale X is a reason for doing Y
Location for action X is a place for doing Y

Function X is used for Y
Means-end X is a way to do Y
Sequence X is a step or stage in Y

Attribution X is a characteristic of Y

(LeCompte, et al., 1993)



Criteria to be met by qualitative researchers

• Credibility: embracing the complexities of the data presented and 
being able to offer meaningful explanations for complex data

• Transferability: remembering that the outcomes of qualitative 
research are bounded by the original context

• Dependability: the consistency, stability, or reliability of the data 
presented

• Confirmability: the objectivity that the qualitative research applied in 
collecting data and drawing conclusions.

(Gay, et al., 2009; Guba & Lincoln, 1981)



Final Portions of the IRB Process



Action Research: Act on the evidence

Act on the 
evidence





Immediate 
Feedback 
Assessment 
Technique (IF-AT)



At the beginning of every faculty 
meeting, we will talk about 
teaching/pedagogy for the first 
five minutes.



Shorthand for Describing Research Designs

Shorthand for describing designs: 

X = experimental manipulation 
O = observation or measurement of dependent variable 

For example:  O  X  O  means pretest-posttest 

X  O  means posttest only 



Between Groups Design
Example:  Hitting Golf Balls

(Goodwin, 2005)



Between Groups Design Issues

What might explain the differences between the distances the golf 
balls traveled?

• Chance (as always, a Type I error may be operating)
• A better golf ball (this is the working hypothesis)
• Individual differences (perhaps these were not equivalent 

groups prior to the introduction of the dependent variable 
measure)



Within Groups Designs
Now, using a within-groups design:



Within Groups Designs

Old Explanation #3 (individual differences) is no 
longer plausible.  Thus, individual differences are 
eliminated from the estimate of variability 
between conditions.  Also, our statistical analysis 
will be more sensitive to small differences 
between the means (as compared to a between-
groups design).



Orubric report data

Xhandout, classroom practice Orubric report data



Action Research: Reflect on the outcomes and/or 
evaluate results

Reflect on 
outcomes / 

evaluate results



“At the conclusion of a good reflection, you 
should ideally know more than you did when you 
began.  If you have not gained new insights about 
the problem and your problem-solving action, it is 
likely that you are only summarizing.  Reflection is 
a powerful learning experience and an essential 
part of action research.” 

(Kiel, 2011, para. 33)



Identify Potential Research Outlets
• Some are discipline specific

• Computer Science Education
• Chemical Engineering Education
• Journal of Professional Issues in Engineering Education and Practice

• Others are more general
• Journal of Research in Science Teaching
• College Teaching
• International Journal of Teaching and Learning in Higher Education

GREAT RESOURCE: http://cetl.kennesaw.edu/teaching-journals-directory

http://cetl.kennesaw.edu/teaching-journals-directory








Continue the conversation…

elandru@boisestate.edu
@ericlandrum



Challenges to Higher Education







“The attainment of long-
term occupational 
success in the economy 
requires not only 
academic credentials, 
but very likely also 
academic skills.”

Arum and Roksa (2011)



“College degrees 
are still largely 
awarded based on 
‘time served’ rather 
than learning 
achieved” (p. 5).



Association of American Colleges & Universities (2015)



Association of American Colleges & Universities (2015)



Association of American Colleges & Universities (2015)













Continue the conversation…

elandru@boisestate.edu
@ericlandrum
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