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Participants’ reflections two and three years after an
introductory chemistry course-embedded
research experience

Gabriela A. Szteinberg and Gabriela C. Weaver*

The Center for Authentic Science Practice in Education (CASPiE) is a course-embedded undergraduate

research curriculum that aims to introduce authentic research experiences for students in their early college

years. A cohort of students who were randomly assigned to the CASPiE laboratory sections was tracked

during and two and three years after course enrollment. Students from the traditional laboratory sections

were also tracked for control purposes. This paper presents students’ perceptions of the laboratory course

at the time of enrollment, based on their answers to an online survey, and a comparison to students’ later

responses to semi-structured oral interviews about their course involvement. We found that students’ views

of the curricula persisted over the years. CASPiE students thought the curriculum allowed them to learn

how to do research and in turn gained confidence to do such work. In contrast, students from the

traditional sections thought they did not learn the practice of research in their course. These and related

comparisons are presented with evidence from survey results and interview vignettes. The implications of

the CASPiE curriculum implementation and its effects over the long term are discussed.

Introduction and background

For over two decades, educational reform has called for inclusion
of inquiry activities in the instruction of science, at all student age
levels, to achieve scientific literacy (American Association for the
Advancement of Science, 1990, 1993; National Research Council,
1996, 2007; Partnership for 21st Century Skills, 2009). Increasingly,
decisions that affect people’s everyday lives require them to be
scientifically literate. Beyond that, the 21st century workforce will
need technical skills, soft skills such as problem solving and
teamwork, and scientific reasoning abilities in order to remain
competitive. To achieve this goal of preparing students for these
life and professional challenges, educational institutions need to
provide opportunities that allow students to learn and practice
inquiry approaches to science.

Historically, the teaching laboratory has played a major role
in science education and has served as the main venue for
students to practice scientific inquiry and develop skills to
prepare them to be scientifically literate (Hofstein and Lunetta,
1982, 2004). In the laboratory, students have the opportunity to
reproduce experiments and visualize concepts learned in a

lecture course, become familiar with scientific equipment and
techniques, and practice working in a group. Although there
have been critiques about the effectiveness of the laboratory in
achieving various teaching goals, along with the associated compli-
cations of cost and logistics (Baker and Verran, 2004), significant
evidence exists to show that the laboratory is necessary in education
and, when well implemented, students can learn greatly from
their experiences and attain positive achievement goals (Matz
et al., 2012; Roth, 1994; Tobin, 1990). There is no ideal way to
perform laboratory activities, however. In fact, there are many
types of laboratory instruction and the level of inquiry can vary as
well (Bruck et al., 2008). The higher the level of inquiry, the more a
student is responsible for their involvement in planning the
laboratory work (Weaver et al., 2008). However, even at the highest
level of inquiry, students do not always understand the nature of
science or become more scientifically literate (Abd-El-Khalick et al.,
1998; Lederman, 1992). Postulated reasons for this include that
inquiry laboratory activities are still not implemented properly
because consensus is yet to be established on what the best
definition of inquiry is (Russell and Weaver, 2011); therefore,
students still follow instructions as they would in a cookbook.
Even though inquiry learning is definitely a recognized way to
improve students’ understanding of the nature of science,
performance in science courses, and promotion of science
interest in general (Hofstein and Lunetta, 2004; Hofstein and
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Mamlok-Naaman, 2007) the best ways to implement inquiry
learning are still being developed and assessed.

Another place where students can engage in the process of
scientific activity is through authentic research opportunities
(Taraban and Blanton, 2008; Weaver et al., 2008). Undergraduate
students who are involved in research become apprentices in a
research group, typically at a university or research facility. The
literature on research apprenticeships has shown that students
and faculty agree that participants gain valuable skills such as
learning research laboratory techniques, confidence with doing
research work, feeling part of the scientific community, and soft
skills such as giving presentations and writing scientific reports
(Hunter et al., 2007; Seymour et al., 2004). In addition, students
are more prone to stay in a science, technology, engineering, and
mathematics (STEM) major, continue on to pursue graduate
degrees in a STEM discipline, or choose a STEM-related career
(Nagda et al., 1998; Russell et al., 2007; Slovacek et al., 2012).
Given the beneficial results on students after they participate in
an authentic research opportunity, it is of importance for the
scientific community to provide such experiences for all students
who may be interested in a STEM career.

At the college level, students typically take the opportunity to
engage in research during their junior or senior years. Opportunities
to do research may be part of a grant-based program such as a
Research Experience for Undergraduates (REU), or they may be
independent of such programs when students seek out an
advisor to work in their laboratory during the academic year.
Students who partake in this type of research experiences are
usually a self-selected, high-achieving small percentage of the
overall eligible undergraduate population (Sadler et al., 2010).
Existing assessments of students doing research have focused
on this student population, and therefore it is difficult to make
a comparison with younger or lower achieving students who do
not usually take part in research activities. These may be
students who do not take the initiative themselves to seek out
a research experience but who could potentially benefit from it.

As a way to expand research opportunities to students who
are less likely to be engaged in research activities, the Center for
Authentic Science Practice in Education (CASPiE) was created.
CASPiE is a multi-institutional collaborative project that
aims at providing course-embedded authentic research experi-
ences for undergraduate students during their early years in
college, specifically during their general and organic chemistry
courses. This project was funded through the National Science
Foundation. CASPiE provides undergraduate students with
research opportunities at an early stage in their undergraduate
college education (Weaver et al., 2006). Students get to work
cooperatively on projects that will benefit actual researchers
and their ongoing work.

Studies have been done to look at the effects of undergraduate
research on factors such as student retention in STEM (Russell
et al., 2007), attitudes (Freedman, 1997), and skills learned (Lopatto,
2004; Seymour et al., 2004). These studies were mostly done with
students in their later college years, and with those who took the
research experience as an extra load in their schedule or during the
summer. It would be useful, therefore, to study the effects of early

college course-embedded research experiences, such as the one
that CASPiE provides, to examine the effects they may have on
undergraduate students, especially in comparison to what is known
about traditional research experiences. This study was done to
understand the long-term outcomes of the CASPiE implementation.

Previous research on the CASPiE program has shown that it
has been successful at delivering authentic research experi-
ences for undergraduate students, engaging students from
typically underrepresented populations such as women and
students from ethnically diverse groups, and increasing student
interest in science and chemistry, as well as their understanding
of research methods (Scantlebury et al., 2011). CASPiE also
seems to promote more sophisticated understanding of the
nature of science, especially when students were asked to explain
conceptions of theories and the process of the scientific method
(Russell and Weaver, 2011). More recently, the longitudinal
assessment on CASPiE has suggested that students from CASPiE
graduate faster on average and perform better over the years
when taking advanced chemistry courses (Szteinberg, 2012).

In this paper we present students’ reflections on their CASPiE
course experience right after and two and three years later. We
compare these to students who took the traditional chemistry
course. Having a longitudinal tracking of the students a few years
after their participation in the course allows us to understand the
potential long-term impact of the laboratory research format on
students’ subsequent academic and career choices. Our study also
incorporates comparison to control groups with random assign-
ment of participants. The longitudinal and control group features
of this study have often been missing from other published
studies of undergraduate research experiences.

Methodology

The information presented in this paper is part of a larger
longitudinal study that was carried out to assess the impact of
CASPiE on student performance in chemistry courses and
retention in STEM majors and careers (Szteinberg, 2012). The
main research question of the longitudinal study is: What are
the long-term effects of the CASPiE program on students?

To help answer the major question, we were also interested
in knowing how students felt about their CASPiE experience
compared to students who were in the traditional laboratory.
Therefore, there is a sub-question that will be answered with the
qualitative data obtained: What do CASPiE and traditional students
report to be positive and negative aspects of their laboratory
course in relation to their educational and professional experi-
ences in STEM?

The theoretical framework used for this portion of the study
is situated cognition (Brown et al., 1989), which establishes that
knowledge is developed within specific environments with
characteristic cultures, norms, and even languages. Close
engagement with other people in these environments provides
cognitive apprenticeships, through which students are actively
engaged in and responsible for completing tasks. The result is
meaningful learning. In addition, cognitive apprenticeships
allow learners to become experts in a subject field. The CASPiE
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curriculum allows students to learn through the mechanism of
situated cognition.

The participants used for the study reported here were
students from a large, land-grant, Midwestern University, who took
the second-semester general chemistry course for STEM majors
(such as engineering, nursing, technology, pre-medicine, and other
natural and physical sciences). For the purposes of this paper and to
protect anonymity of the participants, we will call this course
CHEM1b. The participants took the course in the spring semester
of 2007 (2006–2007 academic year). In that semester, all the students
had the same lecture course but the population that comprised two
lecture sections was randomly split into CASPiE and traditional
laboratory sections. Each lecture section had 13–14 total sections of
laboratory associated with it, for laboratory sections of approxi-
mately 20–24 students each. In total, there were 318 students in the
lecture with traditional laboratories and 333 students in the lecture
with CASPiE laboratories.

Students in the traditional laboratory course carried out
experiments that were fully described in their laboratory manual.
Most of the work assigned consisted of pre-laboratory questions
that the students had to complete and turn in at the beginning
of each session, in-lab work to be carried out by students in
groups of two or four and where students took notes on what
they did during the period and submitted carbon copies to the
teaching assistant to prove their attendance, and a post-laboratory
written report submitted on behalf of all group members that
was due a week after the laboratory. Most of the activities
required students to follow laboratory instructions, giving them
no or minimal responsibility for deciding the topic, hypothesis,
procedure or materials for each lab period.

The students in the CASPiE sections had five weeks of
traditional laboratory work that was carried out as described
above and used the same laboratory manual as the students in
the traditional section. Following that, students had seven
weeks of CASPiE laboratory work. The activities came from a
module written for the CASPiE program: Phytochemical Anti-
oxidants with Potential Health Benefits in Foods (Burgess,
2011). This module was written before the CASPiE implementa-
tion in 2007 and has been edited every year, therefore the
publication year is more current at its website location. Students
had three weeks of skill-building activities, where they learned
about the laboratory techniques to quantify antioxidant content
in food. After the introductory weeks, students had a week to design
their research experiment after a literature search to ensure the
authenticity of their novel experiments. Students were advised to
pick a research question that involved investigating antioxidant
quantification of a type of spice after receiving a treatment such as
heating/cooking, freezing, or simulation of human digestion. The
students were allowed to consult their teaching assistants or peer
leaders about their experimental design throughout the research
weeks. Peer leaders were incorporated into the program using the
Peer-Led Team Learning (PLTL) model (Gafney and Varma-Nelson,
2007; Gosser et al., 2001) to provide assistance to students and to
simulate the experience of a research group community in which
younger members learn from their more experienced peers. CASPiE
students were also required to submit pre-laboratory assignments

where they presented their plans to work in the lab, along
with recognition of hazards and waste disposal procedures. The
in-lab work that students submitted consisted of notes taken
during the experimental process, including raw data. This work
was graded by the teaching assistants. After every laboratory,
students submitted a post-laboratory written report that presented
analysis of the data collected in the previous session, discussion of
the meaning of the results, and plans for the following laboratory
period. At the end of the CASPiE laboratory weeks the students
presented their work in poster or paper format, as they
would when presenting at a scientific conference or writing a
journal article.

The two lecture sections were the same – they were both taught
by the same two professors who shared the responsibility of
teaching during the semester. The first instructor was a female,
Associate Professor who taught during the first half of the semester,
before the CASPiE laboratories began. The next professor was a
male, at the rank of Professor, who started teaching when
CASPiE laboratory activities initiated.

Students in both the CASPiE and traditional sections were
asked to fill out a survey before and after the CASPiE weeks that
asked them about their experiences in the laboratory. These
CASPiE evaluation surveys were developed by the Evaluation and
Assessment Center at Miami University of Ohio specifically for
evaluation of the impacts of the CASPiE program. These self-report
surveys probed students’ views of various aspects of their laboratory
instruction. The survey has been found to be reliable and valid on
measuring the factors described (Scantlebury et al., 2011). With this
survey, we were able to track CASPiE and traditional student
changes in the dimensions of interest in chemistry and science,
real life science, authentic lab practices, perceptions of learning
through the lab, belief in chemistry knowledge, and collaborative
learning in courses. Table 1 shows the total number of students
who responded to the pre- and post-surveys.

The surveys were administered using a web-based survey
tool, which allowed us to download and analyze the data
rapidly. The surveys were given in the second week of the
semester, and in the last week of the semester. The pre-survey
asked students to respond about their most recent laboratory
course which would have been the first semester chemistry
course for most of the students who participated in this study.
That course will be called CHEM1a.

As part of the longitudinal study, CASPiE and traditional
students were sent another survey two and three years after
their CHEM1b participation in 2007. In this survey students
were asked about their research experiences and career choices

Table 1 Total number of students who took the pre- and post-surveys during
the spring 2007 semester

N Pre/Post CASPiE Traditional

Total Pre 307 294
Post 299 253

Male Pre 187 174
Post 185 145

Female Pre 120 120
Post 114 108

Chemistry Education Research and Practice Paper

Pu
bl

is
he

d 
on

 1
0 

O
ct

ob
er

 2
01

2.
 D

ow
nl

oa
de

d 
on

 1
8/

10
/2

01
4 

00
:4

5:
16

. 
View Article Online

http://dx.doi.org/10.1039/C2RP20115A


26 Chem. Educ. Res. Pract., 2013, 14, 23--35 This journal is c The Royal Society of Chemistry 2013

after participation in the course, and they were invited to
participate in an oral interview. For the survey participation
the students were offered a compensation of entering their name
into a drawing for three Amazon.com gift cards. The students
who agreed to participate in the oral interviews were contacted
individually to schedule interview appointments. The interview
results will be described here but the longitudinal survey results
appear elsewhere (Szteinberg, 2012). In total, 23 students who
took the course in spring 2007 were interviewed, during the
springs of 2009 and 2010. Table 2 shows the total number of
CASPiE and traditional students who were interviewed.

The interviews lasted between 20 and 40 min, and students
were prompted to talk about their CHEM1b experiences and how
those affected, if in any way, their academic and professional
choices in the future. Students were interviewed by one of the
researchers who was not present at the institution at the time of
the course implementation. The students were compensated
with $25 for their participation in the interviews.

The interviewer and assistant researchers transcribed the
interviews verbatim. After transcription, the interviews were
analyzed using the constant comparative method of grounded
theory as described in Strauss and Corbin (1998). The answers to
each interview question were combined and analyzed together,
through qualitative content analysis (Mayring, 2000; Starosta,
1988) and open coding. After three researchers coded all the
spring 2009 interviews, a revised combined coding scheme was
developed. Coding of the interviews from spring 2010 helped to
further refine the scheme by axial coding. All the interviews then
underwent a final round of coding, by one of the authors with
another research assistant, with the finalized coding scheme and
saturation was reached (Miles and Huberman, 1994). Interrater
reliability was carried out and a kappa coefficient of 0.84 was
obtained, which is a high level of agreement (Ary et al., 2002).

The codes with the largest number of participant references
were further analyzed to compare differences between CASPiE
and traditional students. One of the authors counted how many
students from each group had talked about the different codes
and assertions were derived based on this comparison of the
groups. The methodological framework used to analyze the
interviews was phenomenography (Marton, 1981; Orgill, 2007;
Patton, 2002). This framework allowed us to map out all the
different lived experiences of the students in each laboratory
format, without bias from outside parties such as the authors
or participants other than the students of the study.

Results

The results presented below correspond to the pre- and post-
surveys during the spring 2007 semester, while students were

enrolled in the course, as well as the final longitudinal inter-
view analysis. The results show that students’ views on the
course and the laboratory were sustained over the years.

The surveys were composed of statements to which students
selected a level of agreement or disagreement on a scale. We used
a 6-point Likert scale, with 1 = strongly disagree, 2 = disagree,
3 = barely disagree, 4 = barely agree, 5 = agree and 6 = strongly agree.
For the CASPiE and traditional sections of CHEM1b, we were able to
compare the pre and post student scores for each of the statements.
For the pre and post spring 2007 surveys, independent samples
t-tests were used to examine whether differences in the average
response to each statement were statistically significant or not,
between CASPiE and traditional students. Paired-samples t-tests
were used when comparing pre–post differences within a section.
Fig. 1 shows the statements for which there was a statistically signifi-
cant difference in the post score between the CASPiE and traditional
sections and for which the CASPiE section values were higher. Also
indicated in this figure is any pre/post change that was statistically
significant within a group (CASPiE or traditional) and the section
that had this difference is represented by the letter in parentheses.
The numbers at the beginning of each statement (1–4) represent the
theme from the longitudinal interviews to which these survey
statements are aligned (to be described in greater detail below):
understanding and remembering laboratory work in CHEM1b,
understanding the research process and gaining experience in
authentic research, self-efficacy and sense of accomplishment, and
applicability and relevance of laboratory work.

Many of the items for which there was a pre/post increase in
the CASPiE group showed a decrease in the traditional group, even
though the two groups had approximately equal pre-survey scores
on many of the items. In general, these items show a greater level of
understanding and appreciation of relevance reported by the
students in CASPiE sections than those in the traditional sections.
Those statements tied to self-efficacy (‘‘I believe I could accurately
explain. . .’’, ‘‘. . .motivated me to do well. . .’’, ‘‘. . .made me
realize I could do science research. . .’’) also show significant
gains for the CASPiE students, though they are decreasing for
the students in traditional sections.

Fig. 2 also shows the statements for which there was a
statistically significant difference in the post score between
the traditional and CASPiE sections but, in this case, the values
for the traditional section are higher in the post survey. The
T and C letters in parentheses after each statement and
the numbers preceding them have the same meaning as in
Fig. 1 (i.e. statistically significant difference pre-to-post within a
section and relationship to interview themes).

These are items that show decreases for both groups from
approximately equal starting values but the decreases tend to be
larger for the CASPiE group. The first two items are consistent with
the open-ended nature of the research-based projects in which
students were in a position to develop their own experimental
procedure, rather than following a rote set of instructions. The
third statement may also be related to this and will also be
discussed in greater detail below with respect to the training
of teaching assistants for a first-time implementation of a
research-based course. The last item reflects the inherent lack

Table 2 Total number of students who were interviewed

N CASPiE Traditional Total

Total 12 11 23
Male 6 5 11
Female 6 6 12
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of a step-by-step link between the CASPiE experiments and the
lecture topics. Because the CASPiE laboratory engages students
in a single project over an extended period of time, the typical
weekly alignment between the lab topic and the lecture topic is
not present. As will be shown below, however, this does not
create a detriment for the students in terms of performance.

The interview data that were collected two and three years
after the course was taken result in seven main themes emerging,
which align with the themes represented by the above survey data.
It is significant that there is persistence over time in students’
views of their laboratory experiences. Each of the themes will be
discussed in detail below with respect to student quotes and
connection to the survey data.

1. Understanding and remembering laboratory work

Fig. 1 shows the survey items preceded by a 1, in which CASPiE
students in the spring 2007 semester believed they understood the
work they were carrying out in the laboratory, and that they could
explain it to other students and instructors. Two and three years
later, when students were asked about what they thought was the
most rewarding experience from their CHEM1b course and how
the course compared to others, 42% of CASPiE students mentioned

remembering and were able to explain the work they did when they
were in the course, whereas only 18% of the traditional students
explicitly remembered their lab work. The traditional students who
remembered what they did were only able to describe techniques
that they learned in the lab but not the ideas behind the experi-
ments. Fig. 3 shows the comparison of CASPiE and traditional
students’ tendency to remember their laboratory work, as elicited
by the longitudinal interviews. These numbers do not total to 100%
for a given group because students were not explicitly prompted to
talk about these experiments during the interviews but, rather,
overall experiences that were rewarding.

The quotes below show examples of the emerging ‘remembering’
theme when students were asked to compare their experiences
in all the laboratory courses taken during college, and to
describe the most rewarding experience learned from their
CHEM1b lab. A CASPiE student describes remembering what
was done in CASPiE because it was a very different experience
compared to other courses:

‘‘I remember doing CASPiE, I remember my experiment
pretty clearly, I remember most of my results, it’s just kind of
. . . it’s I guess one of those experiences that’s different enough
for me to remember for a while’’

Fig. 1 Survey items where CASPiE (C) students’ post-score had statistically significant higher agreement than the traditional (T) students’ post score. T or C inside
parentheses means the pre- and post-scores were significantly different within the students’ group (also shown with asterisks). Statements are preceded by the
number corresponding to the longitudinal interview themes.
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Two CASPiE students used examples of their own work when
talking about their experiences in the CHEM1b lab:

‘‘Well we expected when it cooked or when it froze the
blueberries, that they would lose their [antioxidant] content,
but it actually retained it, and they had more, which we didn’t
know why ‘cause it should have, we would think, the same

amount or less instead of more, but so then we ran it. . .did it
again and we got different numbers so it might just be our
extraction techniques or something’’

‘‘I don’t remember exactly what we had but. . . we wanna
figure out what types of antioxidants within different foods
would have a different effect on different people or whatever it
was. . . it was nice to come into lab every week with a plan with a
good group and to be able to sit down and figure it all out then
at the end evaluate how well we did and if we were successful in
what we wanted to do so that’s what I enjoyed a lot’’

These examples show that, after two or three years, the
students still remembered the main ideas behind their labora-
tory activities in CASPiE. The second quote presented above
also shows that this student gained a sense of accomplishment
from doing the CASPiE laboratory work and this emergent topic
will be discussed in more detail in a later section titled ‘‘Self-efficacy
and sense of accomplishment’’.

In contrast, when a traditional student was asked about how
the CHEM1b course compared to other courses taken during
college, the student mentioned remembering the techniques
learned, but not the purpose of the laboratory:

‘‘I remember what I did, I remember what happened, and
I remember . . . like the experiment, but I don’t remember the

Fig. 2 Survey items where traditional (T) students’ post-score had statistically significant higher agreement than the CASPiE (C) students’ post score. T or C inside
parentheses means the pre- and post-scores were significantly different within the students’ group. Statements are preceded by the number corresponding to the
longitudinal interview themes, which are 5: Following directions or using creativity; 6: Course organization; and 7: Lab and lecture connection.

Fig. 3 Percent comparison of CASPiE and traditional students interviewed, who
explicitly mentioned remembering or not remembering their laboratory work
in CHEM1b.
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concept behind it, because sometimes I feel like either it’s a
little too simple for a concept that I don’t catch it because it’s
almost, you know, just obvious, or . . . it just like, I don’t remember
it really being like . . . that connected to like the coursework being
done. So that’s why I didn’t see a connection and then a lot of it just
kind of forgot, like what it was about, and all we did which is doing
experiment (sic), and get the lab report, and get the points, and
leave with, like, that attitude, but I actually did try to wanna, like,
learn it, so I remember some but not a lot’’

The interview results show that CASPiE students remembered
what they did in their CHEM1b lab over the years, and were still able
to explain the main ideas behind their work. This is an indication of
knowledge retention. We can infer that CASPiE students tended to
have more memory of their laboratory activities because they
assumed a greater sense of responsibility for them. This was a goal
that we had hoped to achieve by having students design their own
experimental procedures after lab period three based on the skills
and techniques that they learned in lab periods one through three.
In this sense, the CASPiE lab manual intentionally does not provide
a set of procedures for those last laboratory periods, requiring the
students to develop their own.

2. Understanding the research process and gaining
experience in authentic research

CASPiE students gave higher post-course survey scores than
students in the traditional labs to statements about having an
understanding of the process of doing research (Fig. 1). CASPiE
students also indicated at a higher level feeling that the activities in
the lab related to research done by professional scientists (the
number 2 in Fig. 1 precedes these statements). During the inter-
views two and three years later, this difference was still apparent.
Only CASPiE students talked about feeling that they had learned
how to do research, and that the experience introduced them earlier
to research. In addition, a small percentage of CASPiE students
talked about feeling confident to do research. None of the tradi-
tional students who were interviewed talked about having learned
research during their CHEM1b laboratory. In fact, as can be seen in
Fig. 1, traditional students’ perception of having experienced
research in CHEM1b decreased. Fig. 4 illustrates the percent of
CASPiE students from the interviews who talked about learning the
research process in their CHEM1b lab experience.

A CASPiE student mentioned having experienced authentic
research in the lab:

‘‘I think it helped me grasp the idea, the meaning of a
laboratory . . . of an authentic laboratory experience. In that . . . you
come up with a question that you would like answered, and you
do your best to answer it, with good . . . evidence. And that’s what
we did in CASPiE. We haven’t really done that in other labs.’’

Among the examples of students discussing that they
learned about doing research in the lab is the following quote:

‘‘Other than my main takeaway from this would be the
CASPiE process, for me personally, and the way that I learned
was extremely beneficial to. . . not only myself as a chemist but
while I was in . . . it was interesting to do it that way, because
I had never done research like that before and I think a lot of
what I do now I kind of apply that same mentality, where you

establish a goal. . . establish a set of how you’re gonna . . . a set of
procedures to accomplish that goal, that you can document your
way throughout, and arrive at a conclusion, whether it be right or
wrong, but it’s well documented and you can learn from it’’

In addition, another CASPiE student said that the most
rewarding experience from CHEM1b was having learned research
early on in college and contributing to authentic research:

‘‘I guess it was just starting from the beginning, and starting
from scratch, and getting the whole thing done. I guess, I hadn’t
even thought about it as a freshman and doing research or
anything, or I thought about it but wasn’t taking that step yet,
and it was nice to do the lab and then at the end have that paper
I guess where I did the research for another professor, so it was a
good feeling to get it done, and get it turned in, and then know
that I actually contributed’’

This quote also shows that the student felt a sense of
accomplishment from doing the laboratory work, and how
important it is to provide access to research for students who
may not otherwise consider it. The next section expands on the
topic of sense of accomplishment.

3. Self-efficacy and sense of accomplishment

Along with discussing the confidence to do research, students
talked about having or not having feelings of being like an
actual scientist doing research. They also described whether
they felt capable of doing such work, which is indicative of
self-efficacy (Bandura, 1977), along with a sense of accomplish-
ment. Fig. 1 shows survey statements preceded with a 3 where
CASPiE students had a significantly higher agreement about
feeling motivated and capable of doing authentic research. The
second and third items in Fig. 1 also relate to students’ feelings
of self-efficacy with respect to discussing their own work. In
the interviews, CASPiE students mentioned more often than
traditional students having feelings of increased self-efficacy in
doing their work in the laboratory. Traditional students mostly
explicitly mentioned having no feelings of self-efficacy in doing
research and laboratory work in general, although a few indicated
having a sense of accomplishment from finishing their work and
obtaining results. Fig. 5 illustrates these differences.

Fig. 4 Percent of CASPiE students interviewed who mentioned learning the
process of scientific research in their CHEM1b laboratory. No students from the
traditional sections made any comments related to this topic.
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A CASPiE student reflected on the experience in CHEM1b and
remembered feeling like a chemist. Even though the student did
not feel like the work would have a large impact, he still felt
capable of employing what was learned about doing research:

‘‘I did enjoy the research portion and, I guess, feeling like a
chemist – someone in a lab who comes into work and does
research that is potentially beneficial to mankind . . . which
I guess on our level doing it in a classroom it’s not going to be
used for drug research or anything that’s really going to help
people but it was cool, I guess, to act like that and to kind of feel
that if you could really enjoy, what you could do on a much
larger and more thorough scale afterwards’’

The fact that the student felt he had done work similar to
what a professional chemist does is indicative of his confidence
to carry out research and that, if presented with the opportunity
to do it again, he feels capable of doing it because he has the
experience and has enjoyed previously.

Two CASPiE students expanded on feeling ‘smart’ and
capable of carrying out a project and writing about it because
of the responsibility that needed to be taken to do the research
work in CASPiE:

‘‘We had to cite sources for our abstract and it was neat to
see other research in the same thing we were looking at. We
had to find it, other research papers, and cite them and use
so many sources. So that was cool to see that kinda other
people. . .this wasn’t just a silly little research project. Other
people were doing, like,. . .PhDs were doing the same thing that
we’re doing, so it kinda made me realize that I’m not in high
school anymore. I’m taking, like, university classes, so I’m
actually pretty smart to be able to figure out how to do it, so
it was kinda like took it to the next level I guess’’

‘‘I didn’t think I could like take on a research project, to be
able to write a research paper and, at the time, I thought it was,
like, so hard and I just was so frustrated ‘cause I didn’t think I
was doing a good job and going, looking back on it was actually
kind of, I mean, I think it was good, really good experience, it
wasn’t the best paper . . . that I’ve written but I think it really
taught me to just understand that I can do things, like it’s,
‘cause writing a paper is, is, when you’re a freshman it seems so

daunting you’re just like ‘oh my goodness we have to write this
long paper and cite it and read other scientific works’ and also
. . . in my other classes we were required to read scientific works
and do an abstract and summarize them and stuff and, as part of
our class, but I already had experience doing that with CASPiE as a
freshman, because we had to cite other papers in our paper, in our
final CASPiE paper report, so I already had experience reading
through them and trying to sift through the information and so
that was nice ‘cause I already felt like I was ahead in that area. . .

confidence in myself, kind of, was something good that came out
of it because, when I looked it back I was like ‘oh, I did this and
not everyone was in it and not everyone could do it’’’

A traditional student expressed that doing research required
the use of creativity, especially when something does not work
out and it is necessary to find an alternative pathway to carry
out experiments. However, the student explained that he did
not feel ready to do research work and being creative with it
because he did not have enough experience:

‘‘I’d say just because . . . I think that being creative can . . .

uncover something great, like those mistakes . . . it’s like,
I don’t think I would ever try to do anything like that, ‘cause
I’d probably think ‘well, that’s stupid’ (laughs) why I’d do
something like that? But when in all reality it could be . . . like
a mastermind idea, so I’d like to work towards maybe gaining
the confidence of . . . being more creative’’

This same student also expressed that he would have liked
to be assigned to CASPiE and that he did not obtain a summer
research position because he did not have previous experience,
which CASPiE could have provided:

‘‘I thought it [CASPiE] was pretty cool, and I thought I would
have liked to have done it. I’m not sure how successful I would have
been ‘cause I think they did . . . they took blueberries and saw what
antioxidant potential they had and then they froze them and saw
what potential they had for antioxidant, I think that’s all that they
did . . . I like the idea of something building over time but then in
regular CHEM1b labs it was one lesson in three hours and then the
next is a whole new different lesson, you know, maybe some of the
techniques carried over but, like, the principles behind and
the chemistry learned was completely different. I think it [CASPiE]
is a good idea, I mean, like, something for me, like, I could at least
put that in my resume or, you know, ‘cause like I think the main
reason why I didn’t get the research job this summer was because
I had no experience, ‘cause that’s, that’s one of the questions, you
know, what experience do you have in research’’

Including this student, 46% of traditional students expressed
during their interviews that they would have liked to have the
opportunity take CASPiE to get research experience and its
related benefits.

A theme that emerged throughout all of the interviews was
about experiencing a sense of accomplishment. A CASPiE student
commented that she remembered the work she did in her
laboratory because students had a goal to work toward and they
learned useful skills from the experience:

‘‘I kinda liked the CASPiE lab because it [each lab period]
built on each other. Like, at the beginning I think, I remember
we learned techniques and just kinda did a normal lab.

Fig. 5 Comparison of CASPiE and traditional students interviewed who expli-
citly mentioned feelings of self-efficacy and sense of accomplishment from doing
laboratory work in CHEM1b.
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And then when we started our CASPiE project I felt like I was
working toward something, as opposed to just doing a lab and
being done. Like, it was nice because I felt like I was actually
working towards a goal as opposed to just getting the points
and being in the class’’

Two other CASPiE students expressed the same feeling:
‘‘There was an end result, which was really nice to have an

end result, I like doing an experiment with a results that makes
it seem like (laughs) there’s a reason to be doing it and not just
keep me busy, so I definitely felt it was the strongest lab that I
had taken so far’’

‘‘The most rewarding was probably just that feeling of
accomplishment because in a normal lab you’re pretty much
doing experiments that have been done over and over, they know
what they want the outcome to be.. you know what they want the
outcome to be.. you can almost match up your results to make
sure that you’re fitting to what they want you to learn for that lab
session. . . whereas the CASPiE experience is a little more. . . is a
lot more. . . you know, you were unsure of the outcome you didn’t
know what it was gonna be, you had to write a proposal on . . . or
a summary of what happened and what you thought this meant
and you were graded on that so that was I mean it was a different
experience I guess I’ve never really done, that was the first time
I’d done a lab experience where I didn’t know what was supposed
to happen and when it happened it was new to everyone so. . . it
was a unique experience so I liked it . . . you’re just done with it
and you can see the results, and you get to, kind of, I mean there’s
no right or wrong answer, it’s, you know, what did you learn and
you kind of go with it and explain further about what you did, and
what you think that means and how that can be applied to other
aspects of science or whatever’’

Two traditional students talked about having a sense of
accomplishment because they enjoyed going through the process
of obtaining results and working with a group of students:

‘‘I think most of this stuff from the chemistry labs . . . is still
useful to me . . . the fact that you had this experiment that you
had to run, you had this project to complete in a certain
amount of time, and you knew that you got it done, but you’d
have to work with other people to do it . . . just like, the whole
process of starting it, getting through it, everybody doing
something and getting it done, and dividing up the work evenly
and checking each other’s work, is sort of more useful to me
now than actually any of the actual chemistry’’

In general, students in the CASPiE sections perceived their
experiences as authentic research ones, and because of this
exposure some of the students felt capable of putting in
practice the research skills that they learned. In comparison,
traditional students seemed to feel that, because they did not
have the experience of being creative in the laboratory, they did
not feel confident to do open-ended laboratory work unless
they gained more practice in doing such activities. Traditional
students also expressed that they could have benefitted from
CASPiE if only they had been assigned to take it. Students in the
CASPiE sections felt a sense of accomplishment from working
on the CASPiE research because they felt they were working
towards a goal besides the completion of it for a grade.

Traditional students felt accomplished from going through
the process of the experiment and getting it done.

4. Applicability and relevance of laboratory work

In the post-survey taken in spring 2007, CASPiE students gave
significantly higher scores than the traditional students to items
about the similarity of their laboratory work to authentic research
being done by scientists and the relevance to their own lives
(statements preceded by a 4 in Fig. 1). During the interviews,
approximately the same proportion of CASPiE and traditional
students stated that the lab work they did in CHEM1b had no
apparent applicability or relevance to their lives. However, in the
interviews only CASPiE students explicitly stated feeling that their
laboratory work was applicable to their lives and other science
work. Students also commented on the clarity of the purpose of
their laboratory work. In this case, more traditional students
explicitly mentioned feeling that there was no clear purpose to
doing the lab work they carried out in CHEM1b, whereas only a
few CASPiE students had the same feeling. In contrast, only
CASPiE students explicitly mentioned feeling that the lab purpose
was clear. Fig. 6 shows these comparisons.

A CASPiE student mentioned understanding the application
of an instrument that was used to analyze samples, and
remembering that information later:

‘‘That’s right, it was HPLC, we used that to, like, find the
concentrations, so I was like, it’s not just a machine that . . . you
use just for lab. [It] is, like, you could see what you could use it
for in the real world so, I guess I really like that it was a
contextual style, instead of just coming in, and then this is
what, this is HPLC, this is what you do, you’re done, then you
leave. So it kinda, like, a lasting impact on what I thought about
the machine and the techniques that we used’’

Another CASPiE student talked about the relevance of the
subject of the laboratory work to her life as well as how the
techniques she learned are applicable to related research and
can be used to inform people about the results:

‘‘I mean I liked it . . . I thought the antioxidant thing was very
applicable to our lives. There is such a big push for people to

Fig. 6 CASPiE and traditional students’ perceptions of the applicability/relevance
and clarity of the purpose of their laboratory work in CHEM1b, based on explicit
respondent comments during the longitudinal interviews.
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eat more antioxidants now, so doing the experiment was cool to
be able to, like, go back to my family and, you know, tell them
what I learned . . . I mean that, like, CASPiE is more applicable
to my life . . . than my other, some of my other chem classes . . .

definitely CASPiE was nice to put it in context, like, when you
do an HPLC you can use this in practical terms of finding
ascorbic acid in different treatments in fruit . . . and you can tell
people ‘‘well, if you’re afraid of vegetables or fruit going bad,
freezing them or cooking them beforehand doesn’t really
change much nutritional value’’ so I really liked it because it
had a meaning and it had a purpose, instead of just ‘learn this,
and do this lab, and get your results, write a lab report, you
don’t really have a reason to do it but just do it’ (laughs)’’

In contrast, two traditional students mentioned not under-
standing the real-world application or purpose of their laboratory
work and why it was important to do it:

‘‘I feel like some of the labs weren’t really, like, there wasn’t
a background information, like ‘oh why do we do this’.
Like, there was (sic) a couple labs where, like, you made aspirin
and, like, luminol and nylon, but, like, for other ones where
you’re just, like, basically, like, titrating, there wasn’t really a
said goal. They didn’t tell you like what that actually is used for.
I just would have liked some more information, like ‘oh, why
are we doing this?’ Kind of thing. . .like, what goal are you going
for? Like, what would you actually use this for in the future?’’

‘‘Feel like as if you went in and did it, and then left and
nothing happened, and there was, like, no point to it’’

The previous four sections described how students’ responses
to various survey items and the longitudinal interviews indicate
that: the CASPiE module enabled students to remember the work
they did in the laboratory, understand the process of scientific
research, and perceive the relevance of chemistry to the real world.
The following sections describe the topics of the survey items,
accompanied by interview quotes, which are shown in Fig. 2.

5. Following directions or using creativity

As shown in Fig. 2, it can be seen that traditional students had a
higher post-score than CASPiE students with regards to feelings
of being successful when following explicit directions in the lab
(statements preceded by a 5). When students were interviewed,
more traditional students than CASPiE students commented on
having to follow directions all the time. In contrast, CASPiE
students more often mentioned feeling that they used creativity
in their CHEM1b work. Fig. 7 shows this distinction.

A CASPiE student describes the process of planning the
research work:

‘‘We were told that we had to like pick something and we
had to find its antioxidant concentration, or something like
that, I mean, so they gave us the general guidelines but we got
to pretty much pick it from then on, and then we had, I think
there were like four different procedures or testing that we had
done before we started the CASPiE, and then we were allowed
to pick from those what (sic) ones we wanted to do and run on
our sample’’

A student in the traditional class mentions the limited use of
creativity in the CHEM1b lab work:

‘‘The CHEM1b labs were pretty straightforward . . . the only
times that I really had to use creativity were . . . for like post-lab
questions, trying to figure out, ‘‘Oh, so this is what they mean,
so we’re going to answer it this way’’ and so my answer might
not have necessarily been correct, but because I was creative
in the way I approached it, it was still technically correct, so
it might not have been what they were looking for, but . . . it
was . . . sometimes, typically, right’’

One outcome of engaging students in research is that they
take on greater intellectual responsibility for their work. The fact
that CASPiE students realized that they would not be successful
in their CHEM1b laboratory by just following directions and that
they indeed had to use creativity to complete their work is
evidence that CASPiE provides opportunities for students to
accomplish authentic research experiences.

6. Course organization

Traditional students thought their CHEM1b laboratory
was organized, whereas CASPiE students perceived their lab
activities to not be as organized as they could have been (as shown
in survey statements preceded by a 6 in Fig. 2). At the time
of the interviews, CASPiE students retained this perception,
as shown in Fig. 8.

A CASPiE student, who thought the organization was not
very good, comments on what could have been done to ensure
the course was better organized:

‘‘Maybe the only thing I can think of is, kind of is given, (sic)
an overview . . . maybe tell people at the beginning ‘‘Here
are some things you’re going to do,’’ because I don’t really
remember getting a whole overview . . . like, you’re going to
do your experiment, you’re going to get your results back, and
then you’re going to try again and rerun it a couple times, and
then you’re going to want to . . .start writing your paper, and just
kinda get things going’’

In contrast, a traditional student mentions that the organiza-
tion of the course was typical:

‘‘I thought it was a very fair lab for the amount of material
and what you learned. It was useful and I didn’t hate it. It was
fine. It was a typical laboratory experience after I’ve taken four
years of labs now, so, typical lab experience.’’

Fig. 7 Comparison of CASPiE and traditional students’ perceptions of following
directions and using creativity in the lab.
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The organization of the CASPiE sections was affected by the
fact that this was the first full-scale implementation of the
curriculum at the institution, expanded from the previous
year’s pilot experience with a single section of self-selected
students. There were logistical issues with the implementation
of CASPiE that still needed to be addressed, and these issues
caused frustration both for students and teaching assistants.
Because this was the first time that the CASPiE approach
had been used on a large scale at this particular institution, it
is not surprising that there were organizational difficulties.
Later implementations addressed the training and support for
teaching assistants, including helping them learn how to guide
the students and raising their awareness about the effect that
their own attitudes have on the students in their lab sections.

7. Lab and lecture connection

In the survey during the spring 2007 semester, traditional
students thought that the laboratory and lecture content were
more in sync with each other in comparison to the reports by
CASPiE students (as seen on survey statement preceded by a
7 in Fig. 2). When interviewed, 18% of traditional students
talked about the lack of this connection, whereas only 8% of the
CASPiE students did.

The CASPiE students that mentioned the lack of lab and
lecture connection thought it was just not related to general
chemistry content in general:

‘‘As far as chemistry related, not so much. Yeah, not so
much.’’

While this might be expected from students engaged in the
CASPiE sections because of the design of the multi-week
research projects, there were also some comments of this
nature from students in the traditional sections. For example:

‘‘I never really felt I had a whole understanding of what was
going on in the labs. A lot of times what you were learning in
lecture didn’t exactly coincide with when you learned it in lab,
and so there was a lot of confusions as to what I was doing. And
so I can follow lab procedures, like I followed the procedure
right, my results would be fine, and I’d get all the points in the
lab report but at the same time there was never the connection

made between, like, what I was supposed to be learning and
like what I was applying.’’

There was a concern that because the CASPiE labs were not
explicitly linked to the lecture, that the performance of these
students in the lecture portion of the course would be negatively
affected. We looked at the exam scores of students in the two
sections to see if there was any impact. The exams were written
primarily based on the material that is covered in lecture. Table 3
shows the exam and total course score for each section. At all
times, the scores were not statistically significantly different
when comparing CASPiE and traditional students.

Because the CASPiE laboratory experiments do not follow
the lecture material in lock step, as the traditional labs attempt
to do, we did not expect to see any increase in the exam scores
as a result of participation in CASPiE. However, based on the
analysis of exam scores shown in Table 3, the CASPiE experi-
ence also does not appear to have had a negative impact on
their performance. As part of the larger longitudinal study of
CASPiE, students’ academic performance in chemistry was
tracked and it was not different when comparing between
groups over the years. However, for students who took courses
up to the 300 level, the traditional students had a significant
decrease in performance (Szteinberg, 2012). This further
shows that implementing a research-based laboratory could
be beneficial to train students early in research, while they
learn general chemistry material from their lecture.

Discussion and implications

The results of the attitude surveys and interviews indicate that,
at some level, the CASPiE curriculum was able to involve students
in real research, providing them with experience in scientific
process skills, such as designing experiments and using experi-
mental evidence to draw conclusions. CASPiE also seemed to show
students connections between the chemistry they are learning in
school and chemistry that takes place in the real world. Overall it
seemed to have a positive impact on students’ attitudes about
chemistry and the learning of chemistry.

The effects on CASPiE students were that they felt confident
about being able to explain the work they did in the laboratory,
they understood the application and relevance of that work
in the scientific field and their lives, they felt motivated to
learn because of their research, and they developed a greater
understanding of the process of doing research. In contrast,
traditional students perceived that their lab course provided
explicit instructions to follow in the lab and therefore did not

Fig. 8 Comparison of CASPiE and traditional students’ perceptions of the
organization of their lab section.

Table 3 Average total scores for exams during the semester. There are no
statistically significant differences between students in the CASPiE and traditional
sections. The CASPiE research began after Exam II

Section Measure Total Exam I Exam II Exam III Exam IV

Trad. Avg. 879.39 121.21 103.79 98.16 190.00
St. Dev. 178.37 22.80 28.36 27.61 51.84

CASPiE Avg. 860.65 118.32 99.54 94.96 182.54
St. Dev. 201.04 27.08 29.57 27.12 54.86
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have to use any creativity to be successful in the course. These
students also thought the lab experiments were well organized,
and they thought the connection between the lab and lecture
was more apparent than what the CASPiE students thought.

The effects on the CASPiE students show that CASPiE was
successful at delivering authentic research experiences for the
participants and, further, that this connection to research may
have been a possible motivator for the students to seek more
research opportunities. In addition, students indicated feeling
a sense of accomplishment during their work in the CASPiE
research. Motivation to learn and a positive attitude towards a
course likely lead to higher achievement (Glynn and Koballa,
2007, Koballa and Glynn, 2007). The results on students’ academic
performance can be found elsewhere (Szteinberg, 2012) and are
also part of another manuscript currently in preparation.

The effects that were perceived more by the traditional
students can be explained. It is no surprise that the students
thought they had to follow specific instructions, because
the lab activities are set up that way. Students’ perception of
course organization also comes as no surprise, because the
CASPiE implementation was rather new at the time, whereas
the traditional implementation had been running for many
decades. Finally, the connection between lab and lecture is a
topic that has been researched before. Even though having
concurrent enrollment in lab and lecture may enhance achieve-
ment (Matz et al., 2012), it is not explicitly necessary for them to
be connected, as shown by the exam scores in Table 3 where
CASPiE and traditional students’ performance in the course
was not significantly different.

The results described above demonstrate that students had
a positive experience as part of the course-embedded research
that CASPiE provided. The results are significant not only in
showing the student-reported benefits of the program but also
in that students’ views of the positive aspects of the CASPiE
program persist over time. While the positive and negative
views of the traditional course also persist over time, students
in that class have forgotten quite a bit of detail about what
they did and why they were doing it. This paper shows the
importance of having longitudinal studies to understand the
long-term impacts of research experiences on participating students,
which is often missing in the existing literature (Sadler et al., 2010).
Research experiences have proven to be beneficial for students
to have more hands-on experiences with authentic science
practices, and may increase student motivation to learn, as
well as increase retention in STEM fields. This study shows
that the perceived benefits of doing course-embedded under-
graduate research persist over the years and therefore may be
worthwhile to include this structure in educational settings.

Limitations and future work

This study was carried out at a single institution. More studies
can be done to look at other types of higher education settings, as
well as other education levels. Currently, the CASPiE curriculum
has been implemented at over 15 institutions over the United
States, an institution in Australia, and at least three high schools.

Additional studies can also examine the effects on students of
different gender or different ethnic/racial groups.
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