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Synopsis Policy documents continually stress the need to develop a scientifically literate and diverse workforce. One

commonly recommended way to achieve these goals is through the redesign of introductory level science courses to

foster students’ interest in science. Such redesigns take advantage of a myriad of evidence-based strategies such as inquiry

and context-based approaches that place students at the center of learning. In this study, we report on interviews of 10

female students participating in a zoo-context guided-inquiry laboratory structure within an introductory chemistry

course. Half of these students were taking the laboratory for the first time (first-experience, n¼ 5), and half were taking

the laboratory a second time (second-experience; n¼ 5), having failed the course in a conventional format a previous

semester. The conventional laboratory format was designed to reinforce lecture content with prescriptive-style labora-

tories while the zoo-based guided-inquiry laboratory structure was focused on supporting student-designed investigations

tied to zoo exhibits. Using interviews, we sought to understand students’ experiences and how such experiences could

inform future laboratory iterations. Through inductive thematic analysis, we found three themes describing student

experiences in both laboratory environments—classroom relationships, relevancy of the work, and ownership of the

experiments. This work describes the nuances across student perspectives of laboratory approaches and the implications

of these findings for iterations to laboratory structures toward greater student science interest, both for conventional and

guided-inquiry approaches.

Introduction

Interest is considered the driving force behind stu-

dents’ motivation to enroll in certain courses and

explore specific subjects in school (Nugent et al.

2015). Furthermore, students are more likely to per-

sist and succeed in subject areas that are of interest

(Nugent et al. 2015). Students develop their interests

in Science, Technology, Engineering, and

Mathematics (STEM) at an early age, usually be-

tween the ages of 10 and 14 years (Bennett and

Hogarth 2009; Swarat et al. 2012; Bonnette et al.

2019) and, their interests are influenced by their

instructors and the approaches they use within the

classroom (Tytler and Osborne 2012; Mistry et al.

2016; Labouta et al. 2018). Research suggests that a

STEM curriculum that integrates disciplinary knowl-

edge with students’ prior knowledge can increase

students’ learning and attitudes, and in turn, interest

and uptake of science (Becker and Park 2011;

Stohlmann et al. 2013; Morrison and Fisher 2018).

Two approaches that have shown promise in reflect-

ing such characteristics include inquiry-based

approaches and context-based approaches.

Inquiry-based learning

Inquiry-based learning uses constructivism as its cen-

tral theory by recognizing students need to construct

information actively, building on prior knowledge,
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and associating the knowledge to other aspects of

their life in a complex network of ideas (Domin

1999; Hofstein and Lunetta 2004; Reyes et al. 2014;

van Riesen et al. 2018). As a result, students gain a

deep, conceptual understanding of the material be-

cause students are using previous experiences to help

solidify and understand the phenomena they are wit-

nessing (Reyes et al. 2014; van Riesen et al. 2018).

Similarly, the metacognitive process within IBL aids

students in processing complex thought but focuses

on applying material learning to new applications

(Hofstein and Lunetta 2004; Kipnis and Hofstein

2008). Metacognition is imperative due to the rap-

idly increasing advancements in science, it is essential

that instructors are teaching students how to criti-

cally think and develop science inquiry skills (Kipnis

and Hofstein 2008).

Inquiry takes many forms including verification,

structured, guided, and open inquiry (Blanchard

et al. 2010; Brownell and Kloser 2015). Open forms

of inquiry are often criticized for lacking sufficient

guidance (Kirschner et al. 2006), while verification

and structured forms lack sufficient student input,

particularly in hypothesis generation (Domin 1999;

Hofstein and Lunetta 2004). Inquiry approaches that

have demonstrated effectiveness are “guided,” involv-

ing student input and instructor guidance across all

scientific practices (Furtak et al. 2012). These shared

practices help students learn important skills such as

generating hypotheses, carrying out experiments, and

analyzing and presenting data (Domin 1999; Dalgety

et al. 2003). This approach allows students to take

ownership and responsibility in their learning

(Dalgety et al. 2003; Nieswandt 2007; Dolan 2016;

Stanford et al. 2016) while experiencing an authentic

scientific investigation (Domin 1999; Dalgety et al.

2003).

Context-based learning

Context-based learning is a derivation of problem-

based learning, where a problem is presented to stu-

dents in a specific context (Young and Paterson

2007). Context-based learning teaches students how

to authentically problem solve real-life situations

through the use of practical activities (Pilot and

Bulte 2006; De Putter-Smits et al. 2013; Baran and

Sozbilir 2018). However, what exceptionalizes

context-based learning is prioritizing students’ inter-

ests and shaping the real-life contexts to be inten-

tionally relevant (Williams et al. 2012).

Context-based learning is intended to address: (1)

Curriculum saturation by allowing students time to

digest key information, (2) content disjunction via

constructivist learning and a holistic understanding

of phenomenon, (3) topic relevance through the in-

tentional prioritization of students’ life experiences,

and (4) surface level explanations by way of empha-

sizing the scientific process and problem-solving

strategies found in authentic STEM practice

(Gilbert 2006).

Context-based laboratories have been successful in

increasing students’ conceptual knowledge (Barker

and Millar 2000; Baran and Sozbilir 2018), but

more importantly have also provided student activ-

ities that are considered to be more meaningful for

their personal and/or professional goals (Ramsden

1997; Savelsbergh et al. 2016; King and Henderson

2018). When students understand how the labora-

tory activities connect to their everyday lives and

interests, their attitudes (Demircio�glu et al. 2009)

and enthusiasm (Ramsden 1992) related to science

also change (King et al. 2008; King 2009; King and

Henderson 2018). Therefore, students want to learn

science (King et al. 2008; Vaino et al. 2012).

Research questions

Students’ lack of interest in science is attributed to

unwelcoming environments, uninspiring introduc-

tory courses, and a lack of support during these

courses (Olson and Riordan 2012). We have rede-

signed our introductory chemistry course in order to

increase student interest. We have published findings

elsewhere in terms of student learning outcomes for

our new course structure compared with the conven-

tional approach that relied on cookbook style labo-

ratory experiments (Kamitono et al. 2019). However,

the findings reported here present unique insights

from participants who retook the redesigned course

after failing the previous version of the course; we

refer to these students as second-experience students.

Further, our participants all identified from a demo-

graphic group that is underrepresented in STEM,

thus their perspectives can provide important insight

on our zoo-aligned guided-inquiry laboratory ap-

proach to help us better support diverse students’

needs and concerns within the laboratory. Our re-

search questions are:

(1) What are first-experience student perspectives of a

zoo-aligned guided-inquiry laboratory structure to

support their interest in learning chemistry?

(2) How do second-experience students’ interest in a

zoo-aligned guided-inquiry laboratory differ from

their first experience of a conventional introduc-

tory chemistry laboratory?
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Materials and methods

Context

This study was conducted at a large, comprehensive

university in the western USA that serves an excep-

tionally diverse student population. The institution is

a Hispanic-Serving Institution and an Asian

American and Native American Pacific Islander

Institution. In this study, we specifically focused at-

tention on the laboratory component of the intro-

ductory chemistry course. Previously, this laboratory

course featured conventional experiments that re-

quired students to follow step-by-step procedures

to reach a known solution. However, these laborato-

ries failed to align with goals stressed as important

by other Department Chairs for their majors taking

this course. To better align with these goals, we rede-

signed these laboratory courses to include a guided-

inquiry approach. We detail goals and key differen-

ces between the two laboratory structures in Online

Appendix A.

Participants

Ten female students across different laboratory sec-

tions volunteered to participate in this study. When

inviting students to interview, we did not specify a

gender preference. Interviewee majors ranged from

plant science to print journalism (Table 1). The class

standing of the students were also varied and ranged

from sophomore to senior. Second-experience stu-

dents (failed the conventional laboratory structure

and re-enrolled in the zoo-aligned structure) com-

posed half of the sample. We did not ask our stu-

dents for their ethnic/racial backgrounds, due to the

potential of introducing stereotype threat (Meador

2018).

Theoretical framework and research design

The theoretical framework guiding our work was a

situated learning (SL) perspective. SL prioritizes

learning via real-life situations or contexts that allow

learning to be social and meaningful to students. The

core ideas of the SL theory are that learning must be

(1) accompanied by social and physical contexts, (2)

socially stimulating, and (3) tied to tools and hands-

on learning (Putnam and Borko 2000). Ultimately,

SL prioritizes learning through a rich context and a

classroom environment that is social in nature and

in line with authentic disciplinary practices

(Anderson et al. 1996). A qualitative research design

using inductive thematic analysis was optimal to in-

vestigate students’ interests and experiences in regard

to the laboratory’s central zoo context in an authen-

tic and organic manner (Creswell 2012).

Data collection and analysis

Students were recruited from multiple laboratory

sections during class time. A researcher attended

each class session and recruited students to partici-

pate in an interview to share about their experiences

with chemistry and the course. All interviews were

one-on-one and followed a semi-structured interview

format (Braun and Clarke 2006). Interview questions

consisted of the following topics: academic goals,

past chemistry course experiences, perceptions of

the zoo and of conservation, how to improve the

laboratory curriculum, and general comments for

the researchers or the local zoo (Online Appendix

B). University ethical approval was received for this

study and consent forms were signed by all

participants.

Interview data were transcribed verbatim and an-

alyzed via the systematic phases of thematic analysis

by Braun and Clarke (2006). Thematic analysis is a

Table 1 Characteristics of students volunteering for interview

Gender Major Class standing Post-graduation plans

Student 1a Female Plant science Sophomore Pesticide control

Student 2a Female Animal science—meat Tech. Junior Meat industry or graduate school

Student 3a Female Print journalism Senior Nursing

Student 4 Female Spanish Sophomore Graduate school

Student 5 Female Enology Junior Winemaking research

Student 6 Female Civil engineering Sophomore Industry

Student 7 Female Nursing Freshman Nursing Corp.

Student 8a Female Agriculture education Senior Teaching and graduate school

Student 9a Female Pre-law Sophomore Law school

Student 10 Female Biology Junior Forensic or medical science

aSecond-experience students.
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methodological framework used to identify and an-

alyze contextual data in a clear, straightforward, and

concise manner (Guest 2012). The themes derived

from the dataset were defined after interviews were

conducted. An inductive thematic analysis was opti-

mal because the interviewee responses directed the

thematic development and themes were only fully

matured after multiple reviews of the transcripts.

Overall analysis began with the noting of repeating

student experiences that were recorded into codes.

Codes were then organized via mind-mapping soft-

ware to build and further develop potential themes.

Preliminary themes and related code maps were dis-

cussed between the researchers until the theme was

unanimously approved (see Online Appendix C for

mindmap).

Analysis of the first-experience (n¼ 5) and

second-experience students (n¼ 5) were conducted

separately. First-experience student narratives were

analyzed to understand the experiences of students

that had not been previously exposed to an intro-

ductory chemistry course (RQ1). Additionally,

second-experience student narratives were analyzed

separately to identify codes that were strictly related

to their experience of failing and repeating the

course in the new zoo-aligned guided-inquiry ap-

proach (RQ2). By organizing the analysis, separate

from second-experience students, we hoped to find

codes that were not intrinsically biased to like or

dislike the redesigned course based on previous

experiences.

Results

Analysis of interview data with both first and

second-experience students resulted in three themes

related to their experiences in introductory chemis-

try. For first-experience students, the themes illus-

trate how students were intrigued by the context-

driven zoo theme and its effects on their interest.

On the other hand, second-experience students

were able to uncover why they believed they were

unsuccessful in their first attempt at introductory

chemistry and highlight valuable experiences and

modes of support that made them successful in the

newly redesigned laboratories.

First-experience student narratives (research

question one)

Theme 1: Classroom relationships

First-experience students mentioned the zoo-aligned

course being a positive experience and heavily related

it to the sense of community that the class fostered.

Students found that the instructor was highly

involved with them and appreciated their instructor’s

dedication to the students and the experiments.

Student 5 stated multiple times that her instructor

was “really helpful throughout the whole experi-

ments, he was really helpful”. Similarly, Student 6

stated that:

He dedicates so much time and I feel like it’s

underappreciated, he really puts so much effort

into our lab. . . we do appreciate his help a lot

and I’ve enjoyed chemistry a lot more just because

of this course, it’s changed my opinion quite a bit

[about chemistry].

Theme 2: Real-world relevance

Although first-experience students had not experi-

enced an introductory chemistry course at the uni-

versity level, students were appreciative of the zoo

laboratory narrative and appreciated the course.

Student 6 shared how she had previously taken

chemistry in high school and how she “hated it, I

thought it was really hard and terrible.” However,

toward the end of the course she found that:

I’ve actually enjoyed this course more than I

thought I would, because there’s like more real-

world. . . like we connect it to the real world a lot

more. . . I appreciate that a lot.

Later in her interview, Student 6 restated:

I didn’t find chemistry that interesting to begin

with, but since it connected to something I was

super familiar with and liked a lot. . . I was able to

invest myself more.

Student 4 mentioned something similar, stating

that she liked “how there’s an emphasis on doing

things for the sake of animals” and that helped her

enjoy the laboratory. On the other hand, Student 5

enjoyed the context because it “tie[d] in something

concrete, something in our actual world.” She also

enjoyed the challenge of “trying to solve an actual

problem or look at an actual problem that people in

the field are actually trying to solve.”

Theme 3: Ownership

Students reported taking ownership of their work

due to understanding the purpose of why they

were conducting investigations. Student 6 explicitly

stated that she, “knew all of the work had a purpose,

so it was easier to do. . . I think we learned a lot.”

Later in her interview, she again reiterated that, “I

knew all of the work had a purpose.” Similarly,

Student 5 stated that her instructor, “was as helpful

as he could be” but that “we [students] have to
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understand what we’re doing.” Student 7 also artic-

ulated the ownership expected within the zoo struc-

ture as “you [students] had to figure out where you

are and where you have to go” to complete the

investigations.

Second-experience student narratives (research

question 2)

Theme 1: Classroom relationships

The nature of classroom relationships was considered

the most prominent theme related to student failure

in the conventional laboratories and success in the

zoo-aligned guided-inquiry laboratories.

Within the conventional laboratory, the promi-

nent aspects mentioned were the feelings of being

overwhelmed, student–instructor relationships, and

isolation within the classroom. All participants men-

tioned a feeling of being overwhelmed by the mate-

rial in the conventional laboratory. In addition,

Student 2 shared that she felt the primary reason

for repeating the course was her relationship with

the instructor:

It was a really bad experience. . . but I really truly

felt like it was the professor. . . I would go get help

and it helped a little but not enough where I mas-

tered it.

Student 9 shared a similar experience in that she

felt the inability of the teacher to effectively commu-

nicate the course material created a general sense of

disorder within the class:

It was very little instruction and kind of like, ‘ok I

explained as much as I can. Figure it out yourself

and I’ll help you out along the way’ kind of

thing. . .. Then this person is asking for help and

then this person needs help because not a lot of

explanation was given.

Students 1 and 3 also mentioned instructor rela-

tionships, but in the context of the zoo-aligned lab-

oratory (discussed below). However, Students 1 and

3 shared similar feelings of isolation within the con-

ventional laboratory, stating that: “in my class before

it was just like all individual work” and “I feel like in

[the conventional laboratory] I was like, I feel more

alone than when I was in [the zoo-aligned

laboratory]”.

Within the zoo-context laboratory, students

reported more improved relationships with their

instructors and improved comfortableness with the

material. Student 2 stated:

I have a better relationship with [instructor] and

he actually breaks it down for us so I think it’s a

really good class. . . But I felt like [instructor] was

very involved with us.

The student also discussed other one-on-one

interactions and how the instructor would “put it

into place and it made a lot more sense”.

Similarly, Student 9 stated that,

It’s nice to have somebody. . . that you know is

going to help you out and you know is going to

try and elaborate as much as possible.

Student 1 also discussed her relationship with the

instructor being pivotal to her performing well in the

zoo-aligned guided-inquiry laboratory:

I definitely felt comfortable like going into it, [in-

structor] said that the curriculum is gonna be dif-

ferent, he like goes over how everything was gonna

be ran and how it’s going to be a group effort

every time which I think made a huge

difference. . .

In addition, Student 9 stated:

Just being able to have an instructor that you feel

like you can approach and ask questions and not

be intimidated by them, in a sense, is really im-

portant to me.

Student 1 also mentioned feeling comfortable

about the new laboratory structure due to discus-

sions with her instructor and gaining a clear under-

standing of student expectations. Student 2 also

touched on the aspect of “comfortability” stating

that the, “setup I liked it because it wasn’t super

stressful” and the online classroom platform aided

in clarifying classroom expectations. Lastly, team-

work was mentioned by Student 3 stating:

I liked it because of my team. . .because it made

me like grow and get closer to my teammates.

Theme 2: Real-world relevance

Students found a greater relevancy to the chemistry

concepts as a result of the zoo connection. Within

the semester, an opportunity to visit the local zoo

and meet a zoo chemist was available. Student 2

described the trip as:

The zookeeper was really helpful in explaining

what this is for. . . legitimately it was a behind

the scenes thing. Knowing that we were gonna

apply it in our chemistry lab. . .was pretty cool.

Additionally, the student commented that due to

the visit:
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Now it’s a clear understanding of what I’m spend-

ing three hours in lab for, you know, I get it a lot

better.

Student 1 shared a similar experience, “and I got

interested in that because it was being applied to the

animals or to the water exhibits. . .” Student 9 also

was intrigued by the zoo aspect of the laboratory

stating:

I just think it’s so much more interesting that

we’re using the zoo in a course. It kind of makes

it feel like a little bit more relatable in a sense. It

kind of feels like you’re applying your knowledge

to a real life scenario, rather than just following

some random instructions that you feel like you’re

never going to use again in your life.

Similarly, Student 1 also expressed:

Even though it was a pain in the butt to keep up

with all the due dates, I think it was helpful. Like

if I did the pre-lab the lab was so much easier

than if we didn’t have it so. . .

Lastly, Student 8 describes their perspective in us-

ing a zoo-context:

I do think the zoo thing is cool because. . .it’s
something that everyone can relate to. Like how

they use cooking in stoichiometry, like everybody’s

cooked. . . So it kinda gives us common ground

for the people that don’t have that chemistry thing

[strong background in chemistry].

These student comments point to the importance

of real-world connections.

Theme 3: Ownership of work

Lastly, student ownership of work included aspects

such as students believing their opinions and re-

search were important outside of the laboratory,

that they were “mini scientists” who collected their

own data and had attachment to their research proj-

ects. Student 9 enjoyed being able:

to make our own experiment rather than follow a

bunch of already printed out experiments. I find

that it’s just a little bit more enjoyable, you have a

little bit more freedom and say it what you’re

doing than just being told to do something. . .

Additionally, Student 9 further emphasized:

It’s more enjoyable when you get to figure out

your own experiments and make everything your-

self rather than just be given something.

Student 1 demonstrated ownership of her work by

commenting, “by doing like a quick little study, may

not be great, but at least we could give our input”

expressing how she felt the work she performed in

the laboratory was important to her and the zoo.

While Student 2 showed aspects of science identity

development, “we’re technically the mini scientists

doing the research and collecting our own data.”

Lastly, Student 3 expressed the most attachment to

one project by commenting:

We’ve studied like the otter exhibit. . . the whole

semester, so like I feel like it’s my thing. . .it’s my

baby.

However, the most powerful comment was from

Student 2 who claimed ownership of her whole per-

formance within the class explaining that the instruc-

tor provided every tool to be successful, but “I feel

like that’s as good as it gets because it’s all up to the

student at the end of the day.”

Discussion

Prevailing student narratives in introductory science

courses are often a secondary focus due to studies

primarily focusing on measuring student conceptual

outcomes with less attention on student experiences

(Dubetz et al. 2008; Carrell and West 2010;

Deslauriers et al. 2011; Kogan and Laursen 2014).

Further, the majority of research comparing out-

comes between laboratory approaches typically

involves students experiencing only one of the treat-

ments, that is, the intervention or the conventional

approach (Dubetz et al. 2008; Carrell and West 2010;

Deslauriers et al. 2011; Kogan and Laursen 2014;

Linn et al. 2015; Dolan 2016). Our research presents

a unique insight by primarily focusing on students’

experiences and in comparing two courses via stu-

dents who have participated in both approaches. The

overall themes that emerged were complementary to

SL theory, which prioritizes learning through social

environments (classroom relationships), rich context

(real-world relevance), and an authentic science ex-

perience (ownership).

Classroom relationships

Student-peer and student–instructor relationships

are primary components to student success within

IBL approaches (Lagowski 1990; Penick et al. 1996;

Dalgety et al. 2003; Hofstein et al. 2005; Stanford

et al. 2016). However, the prominence of the rela-

tionships and the derived environment lack empha-

sis. The nature of classroom relationships was the

most complex and prominent theme mentioned as

to why students thought they were successful

within the zoo-context approach (first- and second-
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experience students) and unsuccessful within the con-

ventional approach (second-experience students).

The foundation of the conventional and zoo-

context laboratory communities was the student–in-

structor relationship. Although the researchers

expected the student–instructor relationship to play

an important role in student success, the centrality of

the relationship was unexpected. Second-experience

students believed that the poor or lack of relation-

ship with the instructor resulted in inaccessible

teaching because the student felt uncomfortable ask-

ing for clarification of classroom activities. On the

other hand, strong one-on-one relationships with the

instructor in the zoo-aligned guided-inquiry labora-

tories helped students feel comfortable approaching

the instructor, which resulted in students expressing

their needs and worries within the laboratory.

Students also felt comfortable asking for personalized

explanations or for more help with investigations

because they were unafraid of being embarrassed.

Furthermore, student–student relationships were

also key factors in building the sense of community

within the laboratories. In the conventional ap-

proach, second-experience students claimed to feel

isolated or removed from their classmates because

teamwork lacked support or was non-existent, and

few students fostered a relationship organically.

However, in the zoo-context approach, integrated

teamwork within the activities helped students foster

relationships inside and outside of the laboratory

that created support systems.

Relevancy of material

The lack of student interest, brought about by the

conventional approach, have been addressed in more

contemporary laboratory approaches such as IBL,

course-based undergraduate research, problem-

based learning, context-based learning, etc. (Domin

1999; Buck et al. 2008; Donnelly et al. 2014; Brownell

and Kloser 2015; Labouta et al. 2018). Contemporary

approaches, specifically inquiry- and context-based

learning, are successful because they build upon the

experiences of the student, in order to ground the

STEM concepts. In addition, more recent approaches

allow students the freedom and creativity to create

personal experiments that are interesting and re-

warding to themselves, which fosters engagement

within the laboratory (Becker and Park 2011;

Williams et al. 2012; Stohlmann et al. 2013).

The relevancy of material was the second most

prominent theme in relation to student success.

Within the conventional laboratory, second-

experience students found that they were often

overloaded by the information contained in the lab-

oratory workbook. Because the students experienced

information overload, they often failed to see the

connection between the laboratory activities and

phenomenon that they learn in lecture. Therefore,

surface-level learning was often used in order to ob-

tain the results needed for a passing grade, which is a

popular habit of cookbook curricula (Domin 2007).

Students also lacked interest in the activities

because they consider themselves repeating someone

else’s research or using someone else’s experimental

designs, which they found no interest or

relevance in.

However, in the zoo-context laboratory approach,

because students were given the opportunity to ac-

tively participate in designing their experiments, stu-

dents considered themselves to be a “mini scientist,”

which increased their interest and investment in the

activities. Furthermore, students eventually had a

clear understanding of the importance of the activi-

ties’ assignments and tasks in aiding them to design,

conduct, and interpret their experiments.

Ownership of work

As mentioned in the section prior, students preferred

to design and conduct their own experiments instead

of a conventional approach that provided an exper-

iment designed by other scientists. Students not only

enjoyed the challenge but found ownership in the

work because they were using their own knowledge

to understand the problem, design and conduct the

experiment, and then decipher the results with little

instructor intervention. One student extensively

researched the otter exhibit and felt an attachment

to activities and the exhibit calling them “my baby”

while another student felt the approach was “as good

as it gets.” Such comments illustrate the value of

context-driven and guided-inquiry approaches to

foster student ownership and in turn, interest in

science.

Conclusion

The use of a guided-inquiry and context-based ap-

proach, within our introductory chemistry labora-

tory, was to support better student outcomes

compared with our previous conventional approach.

Across the three themes identified from our student

interviews (classroom relationships, real-world rele-

vancy, and ownership of material), the third theme

of ownership is a major difference between our con-

ventional and guided-inquiry approaches. It can be

argued that classroom relationships and real-world

relevancy can be addressed within a conventional
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laboratory approach. However, the ownership theme

distinguishes the two laboratory approaches and sup-

ports greater student engagement in scientific prac-

tices. We also believe that by attempting to support

greater student ownership, the first theme of better

classroom relationships can be developed, as more

and better communication needs to occur between

instructors and students. However, such an outcome

is heavily instructor-dependent (Furtak et al. 2012).

These findings from female students that are un-

derrepresented in STEM illustrate the value of inte-

grating greater context into laboratory courses and

the opportunity for students to engage in more sci-

entific practices. Such context and practices require

greater communication between students and

instructors, and in turn, support the potential for

better and more positive classroom relationships.

Limitations

Multiple biases can be introduced to the study, such

as confirmation, social desirability, and cognitive

biases. Confirmation bias can be introduced through

thematic analysis; however, multiple researchers

reviewed the construction of the themes and that

the themes were supported by the data. Social desir-

ability could have been introduced through students

feeling compelled to reply in ways desirable to the

interviewer, but, again, multiple researchers crafted

the interview questions and checked for the potential

to influence students’ responses (see Online

Appendix A for interview questions). Lastly, cogni-

tive bias could have influenced students’ responses,

especially second-experience students who failed dur-

ing the conventional approach. There is a potential

that students would have responded differently if

they went from failing a zoo-aligned guided-inquiry

approach to a conventional approach.

In addition, the sample size of participants (ten

interviews) may seem modest. However, the impact

of the study was not devalued due to data saturation

being reached before the completion of the last

interview.
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