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ABSTRACT: This work reports the development of a survey for laboratory goals in
undergraduate chemistry, the analysis of reliable and valid data collected from a national
survey of college chemistry faculty, and a synthesis of the !ndings. The study used a
sequential exploratory mixed-methods design. Faculty goals for laboratory emerged
across seven factors, four of which!research experience, group work, error analysis, and
laboratory writing!showed signi!cant di"erences by course type. Signi!cant di"erences
between goals were also discovered when analyzed by external funding for the laboratory
versus no funding. Synthesis across the previously published qualitative study and the
quantitative study reported herein yields areas of emphasis in the curriculum for speci!c
goals. This work adds weight to the growing body of global literature that implores
faculty to de!ne and assess their goals for laboratory.
KEYWORDS: First-Year Undergraduate General, Second-Year Undergraduate, Upper-Division Undergraduate,
Chemical Education Research, Laboratory Instruction, Hands-On Learning/Manipulatives, Laboratory Management,
Student-Centered Learning
FEATURE: Chemical Education Research

! INTRODUCTION

Science is based upon observations collected in the laboratory
or the !eld, and thus laboratory experiments have become an
established part of the undergraduate curriculum. Laboratory as
a part of the chemistry curriculum has been explored and
debated for years.1!14 Nearly all faculty agree that laboratory is
a vital component of the chemistry undergraduate curriculum;
however, the explicit articulation of goals and aims within the
literature is vague.
Research and literature from around the world have called

into question the goals and aims of the laboratory. In a special
issue of Chemistry Education Research and Practice (CERP)
pertaining to learning in the chemistry laboratory, Reid and
Shah wrote (ref 12, pp 173!174):

Laboratories are one of the characteristic features of
education in the sciences at all levels. It would be rare to
!nd any science course in any institution of education
without a substantial component of laboratory activity.
However, very little justi!cation is normally given for
their presence today. It is assumed to be necessary and
important.
One might hope that if laboratory were “assumed to be

necessary and important”, then the learning gains from
the laboratory would be easily demonstrated. However,
Hofstein and Mamlok-Naaman11 in the same issue of
CERP called attention to the lack of evidence in this regard
(ref 11, p 106):

Many research studies have been conducted to investigate
the educational e"ectiveness of laboratory work in science
education in facilitating the attainment of the cognitive,
a"ective, and practical goals. These studies have been
critically and extensively reviewed in the literature. ...[F]rom
these reviews it is clear that in general, although the science
laboratory has been given a distinctive role in science
education, research has failed to show simple relationships
between experiences in the laboratory and student learning.

If the relationship between experiences in the laboratory and
student learning remains obscure, then one arrives at the
provocative statement composed by Rice, Thomas, and
O’Toole13 in their review of tertiary science laboratory in
Australia (ref 13, p 13):

The most important issue in the context of laboratory classes
is whether there needs to be a laboratory program at all.
Although laboratory is a well-established, nearly unassailable

element of the chemistry curriculum what the laboratory
experience helps students learn remains an open question.

! THE NEED FOR GOALS IN THE LABORATORY
Reid and Shah12 reviewed the literature on laboratory,
identifying four aims for laboratory work (p 178):

1. Skills relating to learning chemistry: Making chemistry real
by illustrating ideas and concepts, exposing theoretical
ideas to empirical teaching and teaching new chemistry.
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ABSTRACT: Forty chemistry faculty from American Chemical Society-approved departments
were interviewed to determine their goals for undergraduate chemistry laboratory. Faculty were
strati!ed by type of institution, departmental success with regard to National Science Foundation
funding for laboratory reform, and level of laboratory course. Interview transcripts that were
coded and analyzed using the lens of meaningful learning reveal the importance of cognitive and
psychomotor goals relative to a"ective learning, particularly in organic chemistry and upper-
division chemistry laboratory courses. This research reveals that the undergraduate chemistry
laboratory o"ers multiple opportunities for faculty to articulate learning goals across the cognitive,
a"ective, and psychomotor domains. Furthermore, these goals are accessible across the
undergraduate chemistry curriculum from general chemistry through organic chemistry and into a
wide array of upper-division laboratories. In this study, faculty showed a decreasing emphasis on
a"ective goals in organic chemistry and upper-division courses. Whether a"ective goals should be a part of the organic and upper-
division chemistry curriculum remains a question for faculty to discuss.
KEYWORDS: First-Year Undergraduate/General, Second-Year Undergraduate, Upper-Division Undergraduate,
Chemical Education Research, Laboratory Instruction, Learning Theories, Laboratory Management, Hands-On Learning/Manipulatives
FEATURE: Chemical Education Research

! INTRODUCTION
In the epigraph to Educational Psychology: A Cognitive View,
philosopher David Ausubel1 writes (p vi):

The most important single factor in!uencing learning is what
the learner already knows. Ascertain this and teach him
accordingly.
This short statement grounds all of Ausubel’s work on

education. The foundation of his assimilation theory is rooted in
the idea that “reasoning capacity is primarily a function of the
adequacy of the relevant conceptual framework a person has in
a speci!c domain of knowledge”.2,3 To put it another way, a
chemistry student maintains a mental structure of existing
knowledge that is used to incorporate new concepts
encountered in chemistry courses and, ideally, in daily life.
Ausubel calls the process of making these “nonarbitrary”
connections between old and new ideas meaningful learning.1

As Bretz summarizes, three criteria must be met in order for
meaningful learning to occur: (i) relevant prior knowledge of
the student; (ii) meaningful material organized by the teacher
to connect to this prior knowledge; and (iii) the conscious
choice of the student to make connections between the prior
knowledge and the new meaningful material.2

It is important to note, however, that students often become
accustomed to rote learning, in which case a student merely
memorizes concepts, instead of connecting them purposefully

to prior knowledge. Herron4 claims that students pursue this
strategy because of their desire to put forth the “least cognitive
e"ort”. In other words, students typically do not want to
expend the e"ort needed for meaningful learning, at least not
without proper motivation.4 Rote learning and meaningful
learning are at odds with each other.
What can be done to bring students to learn chemistry in a

meaningful way? Of the three meaningful learning criteria, only
one lies within reach of the teacher, namely, to make the
chemistry content available “in such a manner that it can be
connected to students’ prior knowledge and be of su#cient
interest that they might choose to do so”.2 The other two
meaningful learning criteria are under the control of the
student. The student brings prior knowledge (or not) to the
learning environment, and the student decides whether to learn
meaningfully (or not). Bodner argues that “[this model]
requires a subtle shift in perspective for [teachers]; a shift from
someone who ‘teaches’ to someone who tries to facilitate
learning; a shift from teaching by imposition to teaching by
negotiation”.5 Knowledge cannot be passed verbally from
teacher to student; therefore, students should be active
participants in the learning process so they might construct
knowledge within their own minds.

Published: February 8, 2013

Article

pubs.acs.org/jchemeduc

© 2013 American Chemical Society and
Division of Chemical Education, Inc. 281 dx.doi.org/10.1021/ed300384r | J. Chem. Educ. 2013, 90, 281"288

1416 Journal of Chemical Education

_
Vol. 87 No. 12 December 2010

_
pubs.acs.org/jchemeduc

_
r2010 American Chemical Society and Division of Chemical Education, Inc.

10.1021/ed900002d Published on Web 10/11/2010

Research: Science and Education

Faculty Perspectives of Undergraduate Chemistry
Laboratory: Goals and Obstacles to Success
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Stacey Lowery Bretz
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I'm glad you're doing this because, you know, how I've got
myself in the habit of thinking a lot about learning outcomes
in the lecture part of the course, but not always in such detail
for the lab.
—Quote from a community college faculty member who
teaches organic chemistry laboratory

The body of literature addressing laboratory instruction is
extensive, and recent literature reviews have discussed the significance
of the laboratory and the importance of defining its' educational
role (1-3). Lazarowitz and Tamir wrote (4, p 94), “Perhaps no
other area in science educationhas attracted somany research reviews
as learning, teaching, and assessment in the laboratory”.

Many faculty agree that undergraduate laboratories play a
central and distinctive role in science education (1, 3, 5-13).
However, challenges have emerged that question the inherent
merit of laboratory. For example, the goals for laboratory are
often criticized as being poorly articulated or nonexistent
(2-4, 8 13, 14,). In the absence of clearly stated goals or learning
outcomes, claims that “laboratory experiences help students
understand materials, phenomena, concepts, models, and rela-
tionships” (3, p 46) become difficult to support. This lack of
articulated goals leads to a disconnection between curricula and
assessments. Further, laboratory instruction is costly; some
question the logic of maintaining expensive teaching laboratories
without solid evidence of its educational effectiveness (1, 18-20).

Other research has decried the absence of convincing
evidence regarding the educational value of laboratories (2, 4,
8, 13, 15,-17). In 1982, Hofstein and Lunetta reviewed the
research on laboratory work and wrote (2, pp 212-213):

Researchers have not comprehensively examined the effects
of laboratory instruction on student learning and growth in
contrast to other modes of instruction, and there is insuffi-
cient data to confirm or reject convincingly many of the
statements that have been made about the importance and
the effects of laboratory teaching. The research has failed to
show simplistic relationships between experiences in the
laboratory and student learning.... Researchers must examine
the goals of science teaching and learning with care to identify
optimal activities and experiences from all modes of instruc-
tion that will best facilitate these goals.... There is a real need
to pursue vigorously research on learning through laboratory
activities to capitalize on the uniqueness of this mode of
instruction for certain learning outcomes.

They re-visited the research-based laboratory literature in
2004 and noted that their comments of over 20 years ago
remained valid (3). Despite the widely held beliefs that laboratory

holds a unique place in science education and that laboratory
is where students interact directly with natural phenomena,
Hofstein and Lunetta found “sparse data from carefully designed
and conducted studies” (3) to support the deep-seated assump-
tion regarding the central value of laboratory.

Despite the vast literature on laboratory instruction, many
studies addressing laboratory instruction suffer methodological
shortcomings such as failure to control variables, insufficient
reporting of goals, curriculum, and assessments, lack of corre-
spondence between goals and assessments, thereby generating
questionable findings (3, 20, 21). Thus, the call for well-designed
research on undergraduate chemistry laboratory instruction
persists (1, 6, 16, 22).

Our goal was to execute a study that would clarify previous
findings and respond to Nakhleh, Polles, and Malina's call for
research on the faculty perspectives of undergraduate laboratory
(1). This study was designed to identify the goals, strategies, and
assessments used by faculty members who teach, direct, or are
engaged in undergraduate chemistry laboratory. Specifically, this
research targeted faculty who are involved in the development
and implementation of laboratory curricula at community colleges,
liberal arts institutions, comprehensive universities, and research
1 institutions across general chemistry, organic chemistry, and
upper-division courses at American Chemical Society (ACS)-
approved institutions. In addition to investigating the type of
institution and course level in the chemistry curriculum, this
research explored the role ofNational Science FoundationCourse,
Curriculum, and Laboratory Improvement (NSF-CCLI) fund-
ing to improve laboratory instruction. This report focuses upon
the findings regarding faculty goals.

Methods

Faculty members were chosen for interviews from two sub-
populations, those who had received NSF-CCLI funding to revise
the curriculum or implement innovations in the undergraduate
chemistry laboratory, and those who had not. Faculty who had
receivedNSF-CCLI1 grants comprised one group referred to as the
“successful NSF-CCLI grant writers” (SGW) group, while partic-
ipants who had not received these NSF grants comprised another
group referred to as the “regular faculty activity” (RFA) group.
The pool of NSF-CCLI grantees was identified by searching
the NSF Fastlane award search Web site (23) for CCLI
recipients since 1995 who were at ACS-approved institutions.
The RFA pool was identified through a randomized selection
process to balance types of institutions from locations across

edited by
Diane M. Bunce

The Catholic University
Washington, DC 20064

• Bruck, L.B.; Bretz, S.L.; Towns, M.H. J. Chem. Educ., 2010, 87(12), 1416-1424.
• Bretz, S.L.; Fay, M.E.; Bruck, L.B.; Towns, M.H. J. Chem. Educ., 2010, 90, 281-288.
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Abstract:  Consensus does not exist among chemists as to the essential characteristics of inquiry 
in the undergraduate laboratory. A rubric developed for elementary and secondary science 
classrooms to distinguish among levels of inquiry was modified for the undergraduate chemistry 
laboratory. Both peer-reviewed experiments in the literature and commercially available 
experiments were evaluated using the rubric, revealing a diversity of uses for the word inquiry. 
The modified rubric provides a valid and reliable standard of measure for chemists to examine 
their laboratory curriculum. [Chem. Educ. Res. Pract., 2007, 8 (2), 212-219.] 
 
Keywords: Undergraduate chemistry laboratory, inquiry laboratory, experiment evaluation, 
rubric, laboratory curriculum 

 
Introduction 
 
For over 30 years, chemists have debated the appropriate uses of the laboratory in the 

undergraduate curriculum (Fuhrman et al., 1978; Pavelich and Abraham, 1979; Tamir and 
Lunetta, 1981; Furhman et al., 1982; Hofstein and Lunetta, 1982; Domin, 1999a, 1999b; 
Johnstone and Al-Shuaili, 2001; Garratt, 2002; Lederman, 2004; Jalil, 2006). Domin (1999b) 
discussed the relative merits of inductive vs. deductive laboratories and whether students 
should develop general principles from specific observations or vice versa. Garratt (2002) 
cautioned against defining chemistry as a laboratory-based science, but instead argued for the 
importance of ‘purposeful observations’. Jalil (2006) noted the opportunity that laboratory 
provides for students to make connections between theory and practice, but emphasized that 
such instruction should also support the cognitive development of students. Martin-Hansen 
(2002) claimed that the effectiveness of laboratory as a method of instruction stems from the 
opportunity that students are given to ask questions, form hypotheses, collect and analyze 
data, and draw practical conclusions that can enable them to answer their questions. 

 
Constructivism and inquiry 
 
Constructivism as a theory of learning posits that “knowledge is constructed in the mind 

of the learner” (Bodner, 1986). Learning occurs when the student utilizes higher order 
thinking skills by connecting new knowledge to prior knowledge. Constructivism advocates 
instructional activities that encourage student-initiated and student-directed learning. 
Activities that engage students in scientific inquiry facilitate their construction of knowledge.  

Martin-Hansen argued (2002) that students who participate in asking questions, forming 
hypotheses, collecting and analyzing data, etc. are engaged in scientific inquiry. However, 

Chemistry Education Research and Practice, 2007, 8 (2), 212-219. 
 

This journal is © The Royal Society of Chemistry 
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Discrepancies abound in use of the 
word “inquiry.” We propose a quanti-
tative rubric to characterize inquiry in 
undergraduate laboratories. 

Acommon goal for science edu-
cators is to engage students in 
inquiry; however, many factors 

complicate the completion of such a 
task. A primary problem encountered 
by faculty facing this challenge is that 
the word “inquiry” is used ubiquitous-
ly throughout education literature, both 
as a style of teaching and as a method 
for conducting research (Flick 1995). 
This dualistic perspective can generate 
cognitive dissonance for faculty. How 
much direction is necessary? To what 
extent does the learner develop his 
or her own procedures and methods? 
How is student learning assessed? Are 
there different types or varying degrees 
of inquiry? We found such discrepan-
cies in chemistry and were prompted 
to delve further into other science 
disciplines (Fay et al. 2007). Given the 
emphasis on inquiry in the National 
Science Education Standards (NRC 
2000), we probed the K–12 literature, 
uncovering a myriad of usages for the 
word “inquiry.”

In this paper, we propose a quan-
titative rubric designed to character-
ize the level of inquiry in laboratory 
activities and laboratory curricula. We 
do not wish to answer the question, 
“What is inquiry?” but rather, provide 
a tool for identifying its varying de-
grees of student independence. 

RESEARCH AND TEACHING

Definitions of inquiry from  
the literature
The literature on inquiry differs 
in usage between practitioners in 
secondary education settings (Col-
burn 2000; Martin-Hansen 2002; 
Windschitl and Buttemer 2000) and 
instructors in undergraduate set-
tings (Domin 1999; Farrell, Moog, 
and Spencer 1999; Mohrig, Ham-
mond, and Colby 2007; Pavalich and 
Abraham 1977). Both audiences use 
unique definitions and criteria for 
inquiry, with little overlap between 
them. Brown et al. (2006) tactfully 
describes this dilemma, writing,

“What makes this research difficult to 
understand is the lack of agreement 
about what constitutes an inquiry-
based approach. The bulk of the 
research has taken place in precollege 
classrooms examining the outcomes 
of various blends of inquiry-based 
instruction. These studies are hard to 
compare given the differing meanings 
for inquiry that have been employed” 
(p. 786). 
 

Inquiry and the National Science 
Education Standards (NRC 2000) 
presents inquiry as a continuum, 
and Brown et al. (2006) extrapolates 
this continuum with a figure moving 
from more to less guidance. While 
both Brown et al. (2006) and the 
NRC (2000) provide frameworks for 
inquiry, no concrete definitions con-
cerning discrete levels of inquiry or 
terminology associated with inquiry 
are explained in detail. Colburn (2000) 
writes, “Perhaps the most confusing 
thing about inquiry is its definition. 
The term is used to describe both 
teaching and doing science” (p. 42), 

and Anderson (2002) describes the 
body of literature concerning inquiry 
as “relatively non-specific and vague” 
(p. 4), commenting that “the research 
literature on inquiry tends to lack pre-
cise definitions” (p. 3).

Multiple modifiers for inquiry are 
quite common, including traditional 
inquiry, guided inquiry, structured 
inquiry, open inquiry, directed inquiry, 
inquiry learning, inquiry teaching, au-
thentic inquiry, scientific inquiry, par-
tial inquiry, and full inquiry (Abraham 
2005; Anderson 2002; Bell et al 2003; 
Chinn and Malhotra 2002; Colburn 
2000; Domin 1999; Eick and Reed 
2002; Farrell, Moog, and Spencer 
1999; Gaddis and Schoffstall 2007; 
Germann 1989; Germann, Haskins, 
and Auls 1996; Hancock, Kaput, 
and Goldsmith 1992; Martin-Hansen 
2002; Kyle 1980; NRC 2000; Mohrig 
2004; Mohrig, Hammond, and Colby 
2007; Pavalich and Abraham 1977; 
Schwartz, Lederman, and Crawford 
2004; Windschitl 2004; Windschitl 
and Buttemer 2000). The meanings 
of these terms are wide ranging. For 
instance, a review of the literature 
reveals multiple definitions for guided 
inquiry that vary by author and jour-
nal of publication. One precollege  
teacher describes guided inquiry as an 
investigation where “the teacher pro-
vides only the materials and problem 
to investigate. Students devise their 
own procedure to solve the prob-
lem” (Colburn 2000). However, an 
undergraduate-directed source claims, 
“Guided inquiry or discovery experi-
ments are designed to lead students to 
hypothesis formation and testing… 
The student begins by collecting data 
and looking for trends or patterns. Ide-
ally, a hypothesis is formed and then 

By Laura B. Buck, Stacey Lowery Bretz, and Marcy H. Towns

Characterizing the Level of Inquiry in 
the Undergraduate Laboratory
Ann Cutler served as column editor for 
this contribution to the Research and 
Teaching column of the Journal of College 
Science Teaching

• Fay, M.E.; Grove, N.P.; Towns, M.H.; Bretz,  S.L. Chem. Educ. Res. Practice, 2007, 8(2), 212-219.
• Fay, M.E.; Bretz, S.L. Science Teacher, 2008, 75(5), 38-42.
• Bruck, L.; Bretz, S.L.; Towns, M.H. J. College Science Teaching, 2008,  37(7), 52-58.
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“Despite the prevalence of laboratory courses in the 
sciences and engineering, and despite the importance
of fieldwork in biology and the geosciences, very little
DBER has been conducted in those settings.” (p. 201)

“It would be helpful to have instruments for assessing
skills that well-designed laboratory instruction can
provide... DBER scholars should recognize the need to
continually extend the resolution of these instruments
through such mechanisms as follow-up interviews in which students 
explain their choices and thinking processes.” (p. 201)

“Rigorous research is needed to examine outcomes associated with the 
affective domain, including students’ attitudes about learning” (p. 200)

• National Research Council. (2012). Discipline-Based Education Research: Understanding and Improving Learning in 
Undergraduate Science and Engineering. Susan R. Singer, Natalie R. Nielsen, and Heidi A. Schweingruber, Editors. Committee on 
the Status, Contributions, and Future Directions of Discipline-Based Education Research. Board on Science Education, Division of
Behavioral and Social Sciences and Education. Washington, D.C.: National Academies Press.
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Post-test, 
response 
process 

interviews & 
post-post test

Concept 
Inventory 

development

Sequential Explanatory 
Mixed Methods Research Design

Qualitative Quantitative

Video & 
Livescribe

record students 
while reasoning 
about multiple 
representations

•Creswell, J.W. (2003). Research Design: Qualitative, Quantitative, and Mixed Methods Approaches (2nd ed.), Sage: Thousand Oaks.
•Towns, M. (2008). “Mixed Methods Designs in Chemical Education Research,” in D. Bunce and R. Cole (Eds.) Nuts and Bolts of 
CER, ACS Symposium Series.
•Linenberger, K.; Bretz, S.L. “Generating Cognitive Dissonance in Student Interviews through Multiple Representations,” Chem. 
Educ. Res. Pract., 2012, 13, 172-178.
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Interview 
students 

about their 
perspectives 
of learning in 

the 
laboratory

Video record 
students 

performing 
regular 

laboratory 
experiments

Sequential Explanatory 
Mixed Methods Research Design

Quantitative Qualitative

MLLI pre-test 
& post-test 

data 
collection

MLLI 
development
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•Creswell, J.W. (2003). Research Design: Qualitative, Quantitative, and Mixed Methods Approaches (2nd ed.), Sage: Thousand Oaks.
•Galloway, K.R.; Bretz, S.L. “Development of an Assessment Tool to Measure Students’ Meaningful Learning in the Undergraduate 
Chemistry Laboratory.” J. Chem. Educ., 2015, 92(7), 1149-1158
•Towns, M. (2008). “Mixed Methods Designs in Chemical Education Research,” in D. Bunce and R. Cole (Eds.) Nuts and Bolts of 
CER, ACS Symposium Series.
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Theoretical Framework:
Ausubel & Novak’s Theory of Meaningful Learning

• Ausubel, D.; Novak, J.; Hanesian, H. Educational Psychology. Werbel & Peck: New York, 1978.
• Novak, J.  D. (2010). Learning, Creating, and Using Knowledge. New York, NY: Taylor & Francis Group.
• Novak, J. D. (1993). Inter. J. Pers. Const. Psych., 6(2), 167. 
• Bretz, S.L. (2001). J. Chem. Educ., 78(8), 1107.

• Knowledge constructed 
through experiences

• Experiences can be thinking, 
feeling, or doing

• Integration creates meaning

• “Doing” in laboratory is 
inherent and visible

• Thinking and feeling less visible 
but still necessary

Cognitive

AffectivePsychomotor

Meaningful 
Learning

@SLBCER 
#MICER20
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Research Questions
• What are students’ cognitive 

and affective expectations 
for laboratory learning?
• How do those expectations 

compare to their 
experiences?
• In what ways do these 

expectations & experiences 
change as students
learn more chemistry?

• Galloway, K.R.; Bretz, S.L. “Development of an Assessment Tool to Measure Students’ Meaningful Learning in the Undergraduate 
Chemistry Laboratory.” J. Chem. Educ., 2015, 92(7), 1149-1158

• Bretz, S.L. Novak’s theory of education: Human constructivism and meaningful learning. J. Chem. Educ., 2001, 78(8), 1107

Cognitive

AffectivePsychomotor

Meaningful 
Learning
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Meaningful Learning in the
Laboratory Instrument (MLLI)

Pre-Test
• before laboratory 

course begins
• to measure

students’ 
expectations

Post-Test
• after final experiment 

of the semester
• to measure

students’
experiences

• Galloway, K.R.; Bretz, S.L. “Development of an Assessment Tool to Measure Students’ Meaningful Learning in the Undergraduate 
Chemistry Laboratory.” J. Chem. Educ., 2015, 92(7), 1149-1158
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MLLI Development

Pilot Test
•78 items, 1 indicator
•4 pt. Likert scale 
•online for pre, paper for post
•GC1 & OC1 students
•R1 & midsize liberal arts 

universities
•Exploratory Factor Analysis
•Applied meaningful learning 

framework to guide decisions

Final Version
•30 items, 1 indicator
•Slider bar
•online via Qualtrics
•GC1 & OC1 students
•midsize liberal arts university

•Content validity with student 
interviews

•100% Interrater agreement: C, A, C/A

• Carifio, J.; Perla, R.J. “Ten Common Misunderstandings, Misconceptions, Persistent Myths, and Urban Legends about Likert Scales 
and Likert Response formats and their Antidotes,” J. Soc. Sci., 2007, 3(3), 106-116.

• Galloway, K.R.; Bretz, S.L. “Development of an Assessment Tool to Measure Students’ Meaningful Learning in the Undergraduate 
Chemistry Laboratory.” J. Chem. Educ., 2015, 92(7), 1149-1158

@SLBCER 
#MICER20

17

17

Why conduct an EFA to create MLLI?

A. To identify and retain the items that factored 
together.

B. To eliminate items that did not load onto a factor.
C. Both of the above.
D. None of the above.

@SLBCER 
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Do You See What I See?
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How many of these MLLI items would 
you classify as ‘C/A’?

A. None of the items
B. 1 item
C. 2 items
D. All 3 items

• to be excited to do chemistry
• to feel unsure about the purpose of the procedures
• to focus on procedures, not concepts

@SLBCER 
#MICER20
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MLLI Items

• Reverse coded negatively worded items (N=14)
• Items from each scale averaged for composite scores

Category # items Example items

Cognitive 16 •to make decisions about what data to collect.
•to focus on procedures, not concepts.

Affective 8 •to be nervous when handling chemicals.
•to be excited to do chemistry.

Cogn/Aff 6 •to worry about the quality of my data.
•to develop confidence in the laboratory.

• Galloway, K.R.; Bretz, S.L. “Development of an Assessment Tool to Measure Students’ Meaningful Learning in the Undergraduate 
Chemistry Laboratory.” J. Chem. Educ., 2015, 92(7), 1149-1158
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• Galloway, K.R.; Bretz, S.L. “Development of an Assessment Tool to Measure Students’ Meaningful Learning in the Undergraduate 
Chemistry Laboratory.” J. Chem. Educ., 2015, 92(7), 1149-1158
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• Galloway, K.R.; Bretz, S.L. “Development of an Assessment Tool to Measure Students’ Meaningful Learning in the Undergraduate 
Chemistry Laboratory.” J. Chem. Educ., 2015, 92(7), 1149-1158
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Do You See What I See?
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What conclusion 
might you draw 
from this data?

A. The C/A scale is not reliable because a < 0.70.
B. MLLI is not reliable because the Cronbach alpha 

values decreased from pre-test to post-test.
C. Cronbach alpha values should not be calculated 

for instruments.
D. None of the above.

N=614
Cronbach α

Pre-test
(Expectations)

Post-test
(Experienced)

Cognitive 0.801 0.793

Affective 0.812 0.777

Cognitive/Affective 0.613 0.593

Total 0.879 0.869

@SLBCER 
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• Sijtsma, K. “On the Use, the Misuse, and the Very Limited Usefulness of Cronbach’s Alpha,” Psychometrika, 74(1), 107-120
• Galloway, K.R.; Bretz, S.L. “Development of an Assessment Tool to Measure Students’ Meaningful Learning in the Undergraduate 

Chemistry Laboratory.” J. Chem. Educ., 2015, 92(7), 1149-1158
• Bretz, S.L.; McClary, L..M. “Students’ Understandings of Acid Strength: How Meaningful is Reliability when Measuring Alternative 

Conceptions?” J. Chem. Educ., 2015, 92(2), 212-219.
• Adams, W.; Wieman, C. “Development and Validation of Instruments to Measure Learning of Expert-Like Thinking,” Intl. J. Sci. 

Educ., 2011, 33(9), 1289-1312.

25

Miami 
University

Pre-Test 
Expectations

N=882

Fall chemistry 
laboratory 

course

Post-Test 
Experiences

N=842

MLLI Data Collection

National 
Sample

Pre Test 
Expectations

N=7677

Fall chemistry 
laboratory 

course

Post-Test 
Experiences

N=6112

Miami 
Longitudinal 

Year 1 GC Lab

Pre-Test
N=654

Post-Test
N=621

Post-Post-Test
N=314

Miami 
Longitudinal 

Year 2 OC Lab

Pre-Test
N=309

Post-Test
N=313

Post-Post-Test
N=238

1

2

3
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Do You See What I See?

@SLBCER 
#MICER20

27

27

Which representation do you think might 
be most important to generate when 
analyzing item-level MLLI data?

A. mean & standard deviation for % agreement
B. histogram
C. scatterplot
D. boxplot

@SLBCER 
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Expectations vs. Experiences

Was it an expectation?

Yes No

Di
d 

it 
ha

pp
en

? Yes Expectation 
fulfilled

Unexpected 
experience

No Expectation
unfulfilled

Didn’t expect, 
didn’t happen

• Galloway, K.R.; Bretz, S.L. “Development of an Assessment Tool to Measure Students’ Meaningful Learning in the Undergraduate 
Chemistry Laboratory.” J. Chem. Educ., 2015, 92(7), 1149-1158
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Expectations vs. Experiences

• Galloway, K.R.; Bretz, S.L. “Measuring Meaningful Learning in the Undergraduate Chemistry Laboratory: A National Cross-Sectional
Study” J. Chem. Educ., 2015, 92(12), 2006-2018

@SLBCER 
#MICER20

32

32



5/28/20

17

Scatterplot “Shapes”?

@SLBCER 
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Miami Study #1

• Galloway, K.R.; Bretz, S.L. “Development of an Assessment Tool to Measure Students’ Meaningful Learning in the Undergraduate 
Chemistry Laboratory.” J. Chem. Educ., 2015, 92(7), 1149-1158
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Vector Plots

• Galloway, K.R.; Bretz, S.L. “Using Cluster Analysis to Characterize Meaningful Learning in a First-Year University Chemistry 
Laboratory Course,” Chem. Educ. Res. Pract., 2015, 16, 879-892
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• Galloway, K.R.; Bretz, S.L. “Using Cluster Analysis to Characterize Meaningful Learning in a First-Year University Chemistry 
Laboratory Course,” Chem. Educ. Res. Pract., 2015, 16, 879-892

Vector Plots
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National Study GC1 Cluster Analysis

Scale Mean (Stdev)
Cognitive Affective Cogn/Aff

N=2814 Pre Post Pre Post Pre Post

LOW N=401 60.3 (10.2) 43.3 (13.0) 36.6 (11.3) 28.3 (10.3) 42.8 (13.2) 26.8 (12.8)

MID N=1176 67.7 (9.7) 60.4 (10.2) 48.2 (11.4) 52.7 (11.1) 50.3 (12.1) 43.2 (12.0)

HIGH N=625 76.2 (9.2) 69.3 (11.6) 72.3 (13.2) 76.3 (8.4) 66.2 (13.3) 59.3 (13.4)

CHANGE N=612 74.4 (9.8) 52.1 (13.5) 72.3 (10.1) 46.7 (13.2) 66.2 (12.9) 38.4 (14.7)

• Galloway, K.R.; Bretz, S.L. “Measuring Meaningful Learning in the Undergraduate Chemistry Laboratory: A National Cross-Sectional
Study” J. Chem. Educ., 2015, 92(12), 2006-2018
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National Study OC1 Cluster Analysis

Scale Mean (Stdev)
Cognitive Affective Cogn/Aff

N=769 Pre Post Pre Post Pre Post

LOW N=232 61.5 (11.1) 51.1 (13.0) 33.3 (11.6) 33.3 (13.3) 39.9 (13.3) 34.1 (14.1)

MID N=307 67.1 (8.9) 60.5 (10.7) 58.1 (11.8) 58.1 (11.6) 51.8 (11.6) 52.5 (12.1)

HIGH N=230 77.4 (7.5) 68.4 (9.8) 71.7 (13.2) 71.7 (12.9) 66.2 (12.9) 61.2 (13.3)

• Galloway, K.R.; Bretz, S.L. “Measuring Meaningful Learning in the Undergraduate Chemistry Laboratory: A National Cross-Sectional
Study” J. Chem. Educ., 2015, 92(12), 2006-2018
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to think about what the
molecules are doing

thought about what the
molecules were doing

Expectations vs. Experiences

• Galloway, K.R.; Bretz, S.L. “Using Cluster Analysis to Characterize Meaningful Learning in a First-Year University Chemistry 
Laboratory Course,” Chem. Educ. Res. Pract., 2015, 16, 879-892
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to focus on procedures, 
not concepts

focused on procedures, 
not concepts

Expectations vs. Experiences

• Galloway, K.R.; Bretz, S.L. “Using Cluster Analysis to Characterize Meaningful Learning in a First-Year University Chemistry 
Laboratory Course,” Chem. Educ. Res. Pract., 2015, 16, 879-892
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to feel unsure about the
purpose of procedures

felt unsure about the
purpose of procedures

Expectations vs. Experiences

• Galloway, K.R.; Bretz, S.L. “Using Cluster Analysis to Characterize Meaningful Learning in a First-Year University Chemistry 
Laboratory Course,” Chem. Educ. Res. Pract., 2015, 16, 879-892
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Do You See What I See?
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Which representation generated more 
insights regarding item-level MLLI data?

A. mean & standard deviation for % agreement
B. histogram
C. scatterplot
D. boxplot

@SLBCER 
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Implications for Meaningful Learning in 
the Undergraduate Chem Laboratory
Teaching

• Students cannot be expected to 
engage in the necessary learning 
experiences if they don’t expect 
them to happen.

• Design of laboratory needs to 
incorporate affective learning.

• Faculty and students ought to 
explicitly dialogue about 
cognitive and affective 
expectations.

Research

• Explicit use of learning theory to 
guide research design and analysis

• Diverse data visualization to explore 
and characterize findings

• Innovative tool to measure 
meaningful learning in variety of 
undergraduate chemistry 
laboratory curricula (CUREs, online, 
virtual reality, etc.)
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Discussion

• What measurement tools do you wish you had to 
characterize laboratory learning?
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• Galloway, K.R.; Bretz, S.L. “Development of an Assessment Tool to Measure Students’ Meaningful Learning in the Undergraduate 
Chemistry Laboratory.” J. Chem. Educ., 2015, 92(7), 1149-1158

• Galloway, K.R.; Bretz, S.L. “Using Cluster Analysis to Characterize Meaningful Learning in a First-Year University Chemistry 
Laboratory Course,” Chem. Educ. Res. Pract., 2015, 16, 879-892
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• Galloway, K.R.; Bretz, S.L. “Measuring Meaningful Learning in the Undergraduate Chemistry Laboratory: A National Cross-Sectional
Study” J. Chem. Educ., 2015, 92(12), 2006-2018

• Galloway, K.R.; Bretz, S.L. “Measuring Meaningful Learning in the Undergraduate General Chemistry and Organic Chemistry 
Laboratories: A Longitudinal Study,” J. Chem. Educ., 2015, 92(12), 2019-2030
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• Galloway, K.R.; Malakpa, Z.; Bretz, S.L. “Investigating Affective Experiences in the Undergraduate Chemistry Laboratory: Students’ 
Perceptions of Control and Responsibility.” J. Chem. Educ., 2016, 93(2), 227-238

• Galloway, K.R.; Bretz, S.L. “Video Episodes and Action Cameras in the Undergraduate Chemistry Laboratory: Eliciting Student 
Perceptions of Meaningful Learning,” Chem. Educ. Res. Pract., 2016, 17, 139-155
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Thank you!
and now put your hands 

together to welcome 
Dr. Marcy Towns!
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