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The plan  

Apprentice-model UR:  a fundamental tension 

Measuring student outcomes of UR:  an example & its limitations 

Research-based laboratory courses as an alternative 

New design & measurement challenges 



Defining apprentice-model UR 

While an investigation is… focused on actively engaging learners in 
authentic scientific inquiry, apprenticeship goes one step further and 
situates this investigation in the context of… a particular scientist’s 
research agenda.  Here, the apprentice is under an expert’s tutelage, 
using the scientist’s lab and equipment, doing the science that 
contributes to the scientist’s work, and doing the science in which the 
scientist (and potentially the apprentice) has a vested interest.   

This experience allows the 
learner to gain insights into the 
communal nature of science and 
may facilitate the learner’s 
adoption of ways of perceiving 
and interacting with the world 
that are consistent with those of 
real scientists. 

Barab & Hay, 2001, p. 71 



Inherent in the practice of UR is a fundamental tension 

Traditional outcome measures: 

student goes to  student-coauthored     
   grad school     pubs & presentations 

learning & understanding  student… 
•  skills    • works in industry 
•  science concepts    • becomes a teacher 
•  how science works    • goes to med school 

personal growth    • carries scientific literacy 
• confidence      into real life 
• responsibility    • instills love of science in 
• scientific identity      his own children 

career decision-making 
Laursen et al., 2012; Laursen 2015 



Why measure outcomes of UR?  Why not? 

opportunities challenges 

 Student outcomes of UR long a matter of faith & practitioner wisdom. 

Research now identifies outcomes of 
UR in terms of real learning; many 
outcomes cross disciplines. 

Students & advisors experience UR 
differently… by discipline, by lab, by 
nature & stage of the research project. 

UR is a “high-impact” practice (Kuh, 
2008) that helps to recruit & retain 
students from underrepresented groups.  

In any single institution, sample size is 
small. Students are highly selected (self- 
& inst’l) compared to non-participants. 

Institutions want to assess outcomes for 
important, out-of-class experiences. 

 Valued & common outcomes are 
inherently difficult to measure, highly 
contextual.  

Many faculty want to show the value of 
their UR work as a form of teaching. 

Faculty may feel their UR work is 
devalued by institutional pressures to 
claim & assess it.   





Rationale for developing URSSA 

•  High interest, high impact, high need for UR assessment tools 

•  …especially reliable, simple, cheap tools for program evaluation. 

•  Self-report is the best way to learn about some types of student gains. 

•  Standardized tool allows comparison over time, across programs & sites 

• URSSA as an example of measurement issues 



Intellectual basis of URSSA  

Qualitative research & evaluation work on UR ‘best cases’ 
•  8-year study of undergraduate research at four liberal arts colleges; >350 
interviews in multiple disciplines  

•  evaluation studies of UR programs at two research universities and one 
national lab; >350 interviews and >150 survey responses  

•  literature review aligning all well-designed,  
published research and evaluation studies of UR 

SALG instrument for classroom assessment, 
Student Assessment of their Learning Gains 

SALG items focus on what students gain  
from a course overall & from specific instructional  
activities — not just what they like 



Structure of URSSA 

Multiple choice and open-ended items 

Core items:  students’ gains from UR 
•  skills—e.g. lab work, communication 

•  conceptual knowledge and linkages in their field 
•  understanding of the intellectual and practical work of science 
•  growth in confidence; adoption of an identity as scientist 
•  preparation for a career or graduate study in science 
•  clarity in making career or educational choices 

Core items:  critical aspects of engagement in research  
       (e.g. having responsibility, presenting one’s work to others) 

Optional items:  
•  motivation to do research, program info, satisfaction, career plans  
•  added program elements (housing, ethics training, career seminars) 



Example: Differences between novice & experienced UR students 
Personal/Professional Gains 

from Thiry & Laursen 2009 
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2 programs at 1 institution; total n ~60 Thiry & Laursen, 2009 



Example:  Student outcomes correlate with mentoring 

Outcome vs. quality of student/mentor relationship correlation 

Intellectual gains 0.275 

Personal/professional gains 0.357 

Becoming a scientist 0.410 

Skills 0.274 

Career & graduate school preparation 0.320 

Satisfaction vs. quality of mentor relationship 0.570 

Satisfaction vs. time spent with mentors 0.532 

181 students in 3 programs at CU Boulder 
Hayward, Thiry & Laursen, 2013 



Validity of URSSA 

Content validity 
•  empirical basis in research & literature 
•  “think-aloud” interviews with students 
•  input from users - UR program directors & faculty 

Statistical reliability & validity 
•   pilot test with ~550 students from 20 campuses 
•   Do survey items function as intended? 

Ex: too little spread in responses; items collinear; too many N/As 
Some “apple pie” items retained for user quality control 

•  Confirmatory Factor Analysis:  how do student responses fit the 
hypothesized structure of the survey?  ~2000 students 

Ex:  items in blocks measure a common construct, distinct from others 
 

 4-factor structure (as designed) is the best fit model 
 

Weston & Laursen, 2015 (forthcoming, CBE-LSE) 



Affordances & limitations of URSSA 

URSSA is free, reliable, comprehensive; spiffy new interface is promised 

Self-report works best when… 

•  the experience is familiar & people can remember it 

•  people have received feedback on their progress & abilities 

•  social desirability is minimized 

•  no consequences are attached 

Not pre/post:  Scale endpoints move  
  as a result of UR experience 

Not set up to track students long-term 

 



Shortcomings of studies of UR impact 

1.  1) Over-generalizing from individual institutions or programs 

2.  2) Use of retrospective vs. real-time reports; response is nonrandom 

3.  3) Use of interpretive (descriptive) analyses vs. correlational or multivariate 
analyses to compare participants and nonparticipants 

4.  4)  Significant self- and institutional selection biases 

5.  5)  What do students count as ‘research’?  Need independent descriptors 

6.  6)  Pressure on measure selection in high-stakes settings, e.g. REU evaluation 

Eagan et al. (2013) - first-years vs seniors, strong controls, sample > 4000 

UR participation had a significant positive effect on undergraduate STEM majors’ 
intent to pursue STEM-related postgraduate study by 14-17% 

    See also Linn et al., 2015; Estrada, 2015 

 



A fundamental tension 

Benefits of UR to students 
 are significant & distinctive; a form of apprenticeship. 

Scientific authenticity as the central organizing principle 
 is essential to achieving these outcomes:  

  a research problem, methods, standards of work     
    that emerge out of faculty scholarship & investment.  

Costs and benefits of UR to faculty 
 are individually managed as long as faculty retain control of 
whether, when & how they do UR.  

But extra strains arise when institutions seek to extend UR to 
more students. 

student education science scholarship  



Laboratory courses based on faculty research or handy tools 
(e.g. Fast Plants; Brownell et al. 2015) 

Large-scale distributed parallel research (e.g. Genomics Ed 
Partnership 940/1014; SEA-PHAGES, 2664/2863) 

Contribute to/make use of citizen science databases  
(e.g. Cornell Laboratory of Ornithology) 

 Accommodate large class sizes, multiple institutions  

Institutional & funder pressure to involve more students in 
more/earlier UR 

Concerns over equity of access to a scarce resource 
 High interest in “research-based courses” or “course-based 

undergraduate research experiences” or “course-embedded 
research” as substitutes for apprentice-model UR 
 

CURE-all?  The rise of course-based UR experiences  



Linn et al., 2015 



Proposed elements of a CURE 

1)  There is an element of discovery; outcomes are not predetermined 

2)  Students learn & use scientific practices 

3)  Iteration is built in as a source of learning (trying, failing, critiquing)  

4)  Collaboration is built in as a source of learning (skills, deeper 
understanding, metacognition) 

5)  The topic is broadly relevant beyond the class (to science 
knowledge, community); offers opportunity for impact or action 

Corwin Auchincloss et al., 2014 



Example:  Initial outcomes from a research-based course 

Categories 
adapted from 
Wilson, Howitt & 
Higgins (2015) 

Specific skills & knowledge 
arising from project work; 

the “nitty gritty” 

Inquiry skills; capacity 
to carry out scientific 

practices 

Habits of mind, ways 
of thinking 

 
Sense of self as 

scientist 

Thinking like a scientist 

Value-added 
kinds of 
learning that 
emerge from 
doing research 
  
  

Project-specific procedural 
skills & techniques 

Generating questions 

Designing 
experiments 

Analyzing data 

Making inferences 
from evidence 

Ruling out alternate 
explanations 

Critical thinking 
(applied in context) 

Independent & 
flexible thinking 

Skill in synthesizing 
knowledge 

Problem-solving in an 
applied context 

Sense of ownership 

Ability to deal with 
setbacks; tolerance of 
frustration & failure 

Confidence in ability 
to do research, make 
a contribution (self-
efficacy) 

General scientific skills, e.g. 

collaborating 

keeping lab notebook 

planning ahead 

Understanding how 
scientific knowledge 
is constructed, and its 
nature 

  Collegial relationships 
with faculty & peers 

Understanding the everyday 
work of research, e.g. 

slow pace of research 

need for care & precision 

  

  

    

Extensions of 
conventional 
learning 

Understanding scientific 
concepts  

Interpreting statistical data  

    Knowledge about the 
social workings of 
science; science as a 
profession  



Why is this a problem? 

UR messy 
problem-solving reinvention 

student education science scholarship  

More constraints – student time, lab costs, need to scale up 
  Must be more selective about the learning goals 

  With less knowledge of how outcomes may arise, in what order 

  With instructors not necessarily experienced in inquiry teaching 

“Research” may not automatically incorporate good inquiry  



Design problem & research problem:   
Linking course features to student outcomes 

Corwin Auchincloss et al., 2014 



              Jessica Hagy, thisisindexed.com 

What causal relationships are important? 



What could other assessments tell us? 

Wilson, Howitt & Higgins, 2015 



Implications for STEM ed research & practice 

What features distinguish UR from course-based research and other 
investigative learning experiences? 

•  What makes it “research”? (and does that matter?) 
•  How do elements of scholarly authenticity relate to student outcomes? 
•  What aspects of “research” fit (or not) within course constraints?   

 

How do we design, scaffold & sequence experiences that support “thinking 
like” and “becoming” a scientist? 

•  How do we engage colleagues in doing this?  (stealth PD) 

What are the costs & benefits to faculty of any educational innovation?   
•  Spread & sustainability of the innovation 
•  Recruitment & diversity of future professoriate 
•  Traditions of autonomy & academic freedom; status issues 

UR 



These measurement hurdles I mention 
Arise from an interesting tension— 
‘Twixt learning in college 
And questing for knowledge– 
I thank you for your kind attention. 



For more information 
www.colorado.edu/eer/research/undergradtools.html 
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