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ARTICLE

ABSTRACT 
We investigated the effects of a laboratory curriculum developed using the socio- scientific 
issues (SSI) framework to contextualize scientific and socially relevant issues for students. 
Using self-determination theory and hierarchical linear modeling, we examined the effects 
of the SSI curriculum relative to a control curriculum on student motivation in a large in-
troductory biology course for life science majors. The SSI group had a significant increase 
in motivation for engaging in the laboratory work relative to motivation of the control 
group. Additionally, the SSI group showed higher levels of more autonomous forms of 
regulation concerning participation in laboratory tasks compared with the control group. 
Interestingly, the SSI-based curriculum seemed to have a buffering effect on typically 
observed decreases in student motivation over the course of a term. This buffering effect 
could potentially indicate greater self-determination in students experiencing an SSI-based 
curriculum, which could lead to greater student success and persistence. Qualitative data 
suggest that this increased motivation of the SSI group relative to the control group is due 
to enhanced feelings of relatedness experienced by students, likely due to the SSI.

INTRODUCTION
Recent advancements in the biological sciences have resulted in a large number of 
social, political, and technological issues that require action from both scientists and 
citizens (e.g., genetic modification of foods; American Association for the Advance-
ment of Science [AAAS], 1989, 2011). These issues have led to an increasing demand 
on postsecondary educators to help develop citizens who are biologically literate 
(AAAS, 2011; Hall et al., 2011). Functional biological literacy is an active form of sci-
entific literacy indicated by an individual’s ability to read about, comprehend, commu-
nicate, and form opinions about biological issues (Laugksch, 2000). While formal 
education experiences can be put in place to help foster these skills, research indicates 
that typical postsecondary biology education experiences tend to focus on rote mem-
orization of facts and concepts devoid of social context (Seymour and Hewitt, 1997; 
AAAS, 2011). Transformation of curricula and instruction to incorporate activities that 
engage students in authentic scientific practices and the application of these practices 
to real-world problems (Barab and Plucker, 2002; Chamany et al., 2008) is needed in 
postsecondary biology classrooms.

Socio-Scientific Issues–Based Instruction
One pedagogical approach that may help meet these goals is a socio-scientific issues–
based approach (Zeidler et al., 2005; Sadler et al., 2007; Lenz and Willcox, 2012). 
Socio-scientific issues (hereafter SSI) are complex social problems with technological 
or conceptual ties to science, including a wide array of timely (and sometimes 
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controversial) topics, such as potential impacts of global climate 
change and management of invasive species (Sadler, 2009, 
2011). Many SSI are rooted in scientific advances and technol-
ogies stemming from the biological sciences. These SSI require 
a certain level of public understanding and consideration of 
political, economic, and ethical factors. This focus on non– 
science aspects of SSI may be undervalued or lacking in formal 
science curricula and instruction.

The SSI approach is rooted in the science, technology, and 
society science education movement of the 1970s and 1980s. 
During this movement, interactions of science or technology 
and social issues were the focus of either privileged, isolated 
courses or specific curricular modules in more traditional 
courses and textbooks. In comparison, a more modern SSI 
approach integrates many SSI throughout a science curriculum 
(e.g., a course); uses authentic activities to gather data around 
or related to the SSI; and requires critical analysis, argumenta-
tion, and communication by students regarding the associated 
science or technology issues and societal concerns (Sadler, 
2004).

The SSI approach has been shown to have positive influences 
on student learning of content (Blumenfeld, 1992; Edelson and 
Joseph, 2004) and development of student interest in science 
(Sadler, 2011). A focus on socially relevant issues can help 
students relate scientific content to their everyday lives and, 
specifically, increase their motivation to learn science (Deci, 
1992; Jarvela, 2001; Sadler, 2009). There are several studies 
that show that SSI interventions have provided meaningful 
contexts for learning from a student perspective (e.g., Barber, 
2001; Dori et al., 2003; Sadler, 2004, 2009; Bennett et al., 
2005; Harris and Ratcliffe, 2005; Bulte et al., 2006; Parchmann 
et al., 2006; Yager et al., 2006; Lee and Erdogan, 2007; Albe, 
2008; Zeidler et al., 2009).

According to Sadler (2004), an SSI approach can strengthen 
students’ efficacy and agency regarding socio-scientific problems, 
particularly when engaging in moral reasoning and argumenta-
tion. These previous findings have led us to question how using 
this teaching and learning approach might increase students’ 
motivation to engage with the SSI problems and develop poten-
tial solutions. The potential impacts of SSI on student motivation 
are relatively unexplored in undergraduate education with a few 
notable exceptions (Barber, 2001; Sadler, 2011; Darner, 2012). 
These studies found that SSI curricula maintained higher student 
motivation and interest in chemistry (Barber, 2001) and nonma-
jors science classes (Darner, 2012). Of these, only Darner (2012) 
addressed university-level students, finding a decrease in amoti-
vation (i.e., not acting at all or acting without intent) when an 
SSI-type curricula was implemented. On the basis of these find-
ings, we were hopeful that using SSI in the biology laboratory 
would lead to increases in student motivation to participate in 
laboratory activities and that our research would contribute to 
the limited studies in this area.

Motivational Theory and the Impact of Student Motivation 
on Performance and Persistence
Motivation theory can be quite complex; here, we attempt to 
elucidate only the relevant components informing our research. 
Motivation can be described as either “trait-like” (i.e., a stu-
dents’ less modifiable and seemingly more “natural” disposition 
toward learning) or “state-like” (i.e., “refer[ing] to students’ 

desires to participate, study and learn in a specific context,” 
Brooks and Young, 2011, p. 49). To understand how SSI might 
impact student learning in the classroom, we will focus on 
state-like, or situational motivation, which can fluctuate over 
short and long periods of time, such as over the course of a 
term. The state-like nature of situational motivation enables 
one to assess the motivation of an individual at various time 
points and in different settings to gauge the influence of curric-
ular treatments over different time points during a course. 
Additionally, because situational motivation is time limited, it is 
related more specifically to an individual’s motivation to com-
plete a task or participate in an activity (Guay et al., 2000). 
These attributes of situational motivation provided us with use-
ful measures that would be sensitive to the contexts and time 
periods that varied in our study.

This study is grounded in the self-determination theory 
(SDT) of motivation. SDT posits that people who have agency 
or power over their own choices (i.e., who are self-determined) 
are the most intrinsically motivated (i.e., engaged in an action 
for their own sake, pleasure, or enjoyment) with respect to 
engaging in tasks (Ryan and Deci, 2000; Brooks and Young, 
2011). According to SDT, feelings of self-determination are 
based upon the degree of satisfaction of three basic psychologi-
cal needs: autonomy, competence, and relatedness (Ryan and 
Deci, 2000). “Autonomy” concerns the perceived regulatory 
mechanism for one’s own behavior, either the self or other 
external influences. “Competence” refers to feeling effective in 
one’s ability with respect to certain goals or tasks. “Relatedness” 
refers to feelings of connectedness or a sense of belongingness 
with others. In educational contexts, the degree to which 
students feel self-determined is equatable to their situational 
motivation to engage in a task, such as taking a science class or 
studying (Ryan and Deci, 2000).

Motivation has been commonly described as a dichotomy: 
either 1) intrinsic or 2) extrinsic (i.e., when a person engages in 
an activity only because he or she desires an outcome afforded 
by others, such as a reward, avoidance of punishment, or a 
desire to “look good” to peers). Studies have shown that stu-
dents’ intrinsic motivation regarding education tasks is a strong 
predictor of their persistence and success (Deci and Ryan, 1985; 
Renninger, 1992). SDT diverges from the intrinsic/extrinsic 
motivation dichotomy and, rather, promotes motivation as a 
continuum of motivational states, including amotivation. 
Furthermore, SDT breaks down extrinsic motivation into four 
different categories that represent the continuum between 
autonomous (driven by internal sources) and controlled regula-
tion (driven by external rewards or punishments; Deci and 
Ryan, 1985; Ryan and Deci, 2000; see Figure 1). For our 
research, two of these categories are most included in our 
chosen survey instrument: 1) external regulation: students’ 
behaviors as inspired by a reward or to avoid negative conse-
quences; and 2) identified regulation: behaviors as more inter-
nally driven but still enacted toward a goal required by entities 
external to the student (i.e., the instructors). The other two 
categories—introjected regulation (i.e., choosing to do some-
thing to not feel guilty) and integrated regulation (i.e., when 
behavior is motivated by coherence with other aspects of self)—
are not addressed in this study, as they were not included 
in the chosen survey instrument (see Methods) in order to 
minimize survey length (Guay et al., 2000).
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FIGURE 1. The self-determination continuum showing continuum and relationship 
between types of motivation, regulation, levels of self-determination, and internalization 
of control. In the SDT of motivation, extrinsic motivation is divided into four different 
types of regulation based on the level of internal control. An individual’s felt level of 
autonomy increases as he or she moves from controlled (completely external regulation) 
to more autonomous (more intrinsic regulation) levels of autonomy or self-determination. 
Adapted from Ryan, and Deci, 2000; Darner, 2012.

FIGURE 2. Conceptual framework of our study, how SSI curricula might increase 
motivation and biology literacy. The SSI curriculum is hypothesized to increase the 
student perception of relatedness with the laboratory activities and, thus, result in an 
increase in motivation to participate in the laboratory activities. Relatedness is also 
impacted by relationships between peers and instructors, so these constructs were 
included in the study.

Moving across the self-determination continuum, the per-
ceived control that a person has over his or her ability to partici-
pate in activities shifts from more external (controlled) to more 
internal (autonomous) regulation. The more internal the feelings 
of control are with respect to a task, the more self-determined or 
autonomous a student is with respect to that task. Autonomous 
motivation has been shown to be a predictor of persistence 
toward postsecondary degree completion (Vallerand, 1997) and 
increased retention and depth of learning (Grolnick and Ryan, 
1989; Vansteenkiste et al., 2006). Additionally, autonomous 
motivation is positively associated with academic achievement 

(Vallerand et al., 1997; Ratelle et al., 2007). 
In contrast, external regulation and con-
trolled motivation, reflective of low feelings 
of self-determination, have been associated 
with negative educational outcomes for 
students, such as low creativity (Amabile, 
1993), anxiety regarding tasks (Ryan and 
Connell, 1989), lower interest or effort, and 
lack of personal responsibility for negative 
outcomes (Ryan and Deci, 2000).

One way in which SSI curriculum may 
increase motivation is specifically through 
perceptions of relatedness. There are three 
major aspects of relatedness that contrib-
ute to overall autonomous motivation in 
classroom contexts, including student per-
ceptions of 1) their relationship with the 
instructor, 2) their peer relationships, and 
3) the relevance or importance of the 
activities to their lives (Darner, 2012). Stu-
dents’ perception of curricular relevance to 
their lives outside the classroom may 
increase students’ perceptions of social 
connectedness (i.e., relatedness; Darner, 
2007, 2009). Darner (2009, 2014) found 

that, after participation in an SSI curriculum in a nonmajors 
biology course, students reported feeling more connected to 
their communities and were able to relate what they learned to 
their daily lives. On the basis of these outcomes, the author 
posited that these students had increased feelings of related-
ness. From our perspective, relatedness is of particular interest 
due to the potential relationship between students’ perceptions 
of the curriculum and their feelings of relatedness (see Figure 2 
for conceptual framework). Fostering relevance for students 
may increase perceptions of both autonomy and relatedness. 
The current study assesses not only how the SSI model impacts 

overall motivation, but also specifically the 
impact of SSI on feelings of relatedness.

This study adds to the existing knowl-
edge base in a number of ways: 1) by 
using a rigorous quasi-experimental design 
with both treatment and control groups 
analyzed with hierarchical linear model-
ing techniques; 2) by adding to the limited 
research studies regarding the SSI 
approach in postsecondary settings; 3) by 
exploring a more nuanced notion of 
motivation with regard to feelings of relat-
edness; and 4) by investigating of how 
student motivation changes over the term 
of a course.

The Current Study
Before determining how SSI might impact 
student motivation, we sought to deter-
mine whether SSI impacted student 
motivation, particularly motivation to par-
ticipate in lab activities, compared with a 
control group. We conducted a quasi- 
experimental study in three introductory 



18:ar30, 4  CBE—Life Sciences Education • 18:ar30, Fall 2019

K. M. Hewitt et al.

biology courses in which approximately half the laboratory 
sections were taught using the newly developed curriculum 
based on the SSI model (SSI treatment) and the other half of 
the laboratory sections were taught using the traditional curric-
ulum already in place (control curriculum). Specifically, we 
examined 1) whether and how the motivation in both groups 
(SSI and control) changed over the course of the term, 
2) whether or not the SSI-based curriculum had the potential to 
cause a shift in student motivation toward the more internally 
regulated (i.e., autonomous control) side of the SDT continuum 
for students in the SSI treatment group compared with the 
control group, and 3) the effect of the SSI-based curriculum 
specifically on students’ feelings of relatedness to the curricu-
lum, their peers, and their instructors.

We hypothesized that the SSI laboratory curriculum would 
shift students’ along the continuum toward more internally reg-
ulated (autonomous) motivations relative to the control group 
that received the traditional curriculum over time. More specif-
ically, because of the focus of the SSI curriculum on fostering 
relevance for students through the contextualization of content 
with locally and globally relevant SSI, we hypothesized that SSI 
would shift student motivation to engage in laboratory work 
toward more autonomous types of motivation by enhancing 
feelings of relatedness (Figure 2).

Research Questions
1. What types of motivations are salient for undergraduate 

students in an undergraduate introductory biology course?
a. How do the levels of the different types of motivation 

change over the course of the term?
2. What was the effect of an SSI-based laboratory curriculum 

on undergraduate biology students’ levels of autonomous 
and controlled motivations with respect to engaging in 
laboratory work compared with the control group?
a. How did these levels of autonomous and controlled 

motivations change over the course of the term?
2. What was the effect of an SSI-based laboratory curriculum 

on undergraduate biology students’ perception of related-
ness?
a. What were the differences between the SSI and control 

groups in student perceptions of the relevance of the 
learning activities?

b. What were the differences between the SSI and control 
groups in student perceptions of their relationships with 
their instructors?

c. What were the differences between the SSI and control 
groups in student perceptions of their relationships with 
their peers?

METHODS
Educational Context
SSI and Control Curricula. Students in the SSI sections were 
taught concepts (genetics, evolution, and ecology) similar to 
those presented in the previously existing traditional curricu-
lum, but via new modules that integrated the SSI approach, 
based on recent biology education research, practitioner publi-
cations, or new activities developed “in-house” (see the Supple-
mental Material). The SSI curriculum was designed to address 
both global and local topical issues assumed to be relevant to 

most students and to help develop biology literacy, such as 
genetic testing, genetic modification of crops, and local invasive 
species. The SSI curriculum (a compilation of laboratory 
modules) conformed to the guidelines for SSI-based instruction 
based on the model by Lenz and Willcox (2012). Each SSI 
laboratory module aligned with biological concepts deemed 
important to the course within a larger sequence of three 
courses. In the SSI model, the curriculum must initially moti-
vate students by providing a socio-scientific issue or problem to 
help contextualize their learning. To meet this goal in the SSI 
curriculum, students were required to individually watch and/
or read and answer questions about various videos and news 
and scientific articles addressing a specific socio-scientific issue 
before coming to lab. At the beginning of each laboratory 
period, graduate teaching assistants (GTAs) then led a 20- to 
30-minute group discussion related to the socio-scientific issue 
that engaged students in active learning (think–pair–share, 
jigsaw, write and pass, minidebate, role plays, etc.). Following 
the discussion, students completed inquiry-based laboratory 
activities that allowed them to develop hypotheses and inter-
pret results with a set of prescribed methodologies or that 
encouraged them to develop the hypotheses and methodology 
and interpret results for predefined research questions (Hofstein 
and Lunetta, 2004). At the end of each laboratory period, stu-
dents reflected back on the socio-scientific issue and were asked 
to determine whether their opinions or viewpoints had changed 
or whether they were inspired to consider a new approach to 
addressing the socio-scientific issue. Hewitt et al. (2014) pres-
ent one module of the SSI curriculum that uses the socio- 
scientific issue of invasive species management to contextualize 
animal behavior concepts.

The control laboratory curriculum consisted of modified 
activities from a widely used laboratory manual concerning the 
same biological content as the SSI curriculum. In the control 
curriculum, activities were not contextualized to provide real-
world relevance or relate to SSI. Students completed pre-labs 
with questions related primarily to biological content and 
concepts, and, at the beginning of the lab, GTAs gave a short 
lecture to introduce the lab activities. Following this introduc-
tory lecture, students engaged in the prescribed lab activities 
with outcomes that students could easily anticipate (i.e., “cook-
book labs”). For example, the animal behavior pre-lab would 
introduce some relevant concepts and ask a series of questions 
to ensure students read the laboratory introduction. The in-lab 
activities consisted of observing behaviors with different organ-
isms and answering questions in the laboratory manual to 
ensure activities were completed. Some questions would relate 
to predicting behaviors in different contexts, but students were 
not required to consider an issue or engage in activities designed 
for problem-solving of real-world issues.

Course Structure and Curricular Implementation. We imple-
mented the SSI curriculum and the control curriculum simulta-
neously in 25 laboratory sections of three introductory biology 
for life science majors courses during a 10-week Spring term at 
a large research university in the Pacific Northwest (Figure 3). 
The lectures associated with these laboratory sections did not 
utilize an SSI framework in curriculum or instruction. Because 
the SSI curriculum was implemented in the laboratory sections 
only, students were randomized at the laboratory section level. 
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FIGURE 3. Hierarchical course structure of introductory biology for science majors and 
laboratory curricular implementation. The study was implemented in the laboratory 
sections of a lecture/lab combined course with three different lectures and 25 lab 
sections.  The SSI and control curricula were divided approximately evenly within each 
lecturer or lecturer team. The SIMS was offered to all students three times (at the 
beginning of the term, in the middle of the term, and at the end of term). AM, class taught 
in the morning; EXT, control group; PM, class taught in the afternoon.

The majority of the students (n = 832) were enrolled in two 
team-taught lectures (lectures A and C in Figure 3), which were 
taught identically by the two instructors, with one instructor 
teaching the first 5 weeks and the other instructor (L.K.) teach-
ing the second 5 weeks of the 10-week term. A smaller lecture 
section (n = 200) was taught by a different single instructor for 
the entire term (lecture B in Figure 3). The laboratory sections 
were taught by GTAs who were assigned to lab section and cur-
riculum (either SSI or control) based on their availability. Both 
curricula had a mix of male and female GTAs, with similar aver-
age teaching and teaching professional development experi-
ences. GTAs were trained in a similar manner on curricular 
implementation, regardless of being assigned to teach the SSI 
or control curriculum.

Sample and Participant Assignment
The participants in this study were undergraduate students (n = 
1032) enrolled in the introductory life science majors’ biology 
course. Students were told during the first lecture of the course 
that the biology program was implementing different curricular 
types and assessing the impacts on the students’ experiences for 
future course curricular decisions. Students were assured that 
they would get the same content and would be taught via 
acceptable instructional strategies but were not told which cur-
riculum (SSI or control) they would receive in lab.

Students were asked to complete an online version of the 
Situational Motivation Scale (hereafter SIMS; Guay et al., 
2000) three times: 1) preterm: before their first lab session 
during the first week of the term; 2) midterm: in week 5 of the 

term; and 3) postterm: during the final 
week (week 10) of the term after their last 
lab session. The postterm survey also 
included three open-response questions 
related to student perceptions of related-
ness and general demographic questions. 
Six hundred and ninety-eight students 
took part in all three surveys and thus are 
reported in the Results (n = 698).

Situational Motivation Scale
The SIMS (Guay et al., 2000) is composed 
of 16 Likert-scale items, with four ques-
tions per each motivational subconstruct 
assessed, that is, intrinsic motivation (IM), 
amotivation (AM), and two types of extrin-
sic motivation, identified regulation (IR) 
and external regulation (ER). As stated 
previously, the SIMS does not measure 
either the integrated regulation or the 
introjected regulation types of extrinsic 
motivation, due to a desire to streamline 
the survey and ensure students responded 
accurately without survey fatigue (Guay 
et al., 2000). The SIMS was determined to 
be the most adequate survey for our 
research questions per its design to mea-
sure situational motivation within a cer-
tain context (e.g., in a biological labora-
tory course). Additionally, there have 
been extensive studies on the validity and 

reliability of the SIMS and the relationship of the scale items to 
SDT (Guay et al., 2000; Standage and Treasure, 2002).

The SIMS was slightly modified to be specific to the context 
of a biology laboratory course. To this end, minor changes were 
made to the SIMS response statements to say “for the biology 
XXX lab” instead of “this activity.” Students responded on a 
scale of 1 to 7, where 1 corresponds to “not at all” and 7 corre-
sponds exactly to a series of statements. The statements were 
rated in response to the stem, “Why are you doing the work for 
the biology XXX lab?” Cronbach’s alpha was calculated for the 
subscales from preterm participant survey scores to ensure reli-
ability of the measure in this study (IM = 0.91, IR = 0.87, ER = 
0.83, and AM = 0.91). Analyses included scoring for each one 
of the four subconstructs for students at each time point.

In addition, as previously described by researchers (Valler-
and, 1997; Levesque et al., 2004), we calculated a self-deter-
mination index (SDI) using all four subconstruct scores. The 
SDI has been shown to be a valid metric for self-determination 
(Vallerand, 1997). It is calculated by weighting the subcon-
structs of the self-determination continuum, with heavier pos-
itive weight for intrinsic motivation (IM) and negative weight 
for amotivation (AM) to reflect the extreme ends of the moti-
vational continuum described in SDT (see Figure 1 again for 
reference). Calculating SDI enables the analysis of a single 
score on the SIMS, which was important for the hierarchical 
quantitative analyses discussed in Data Analysis. SDI was thus 
calculated as

× − − ×SDI=2 IM+ IR ER 2 AM
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SDI scores can range from −18 to +18, with the more nega-
tive values representing lower feelings of self-determination 
(i.e., controlled motivations).

Open-Response Survey Questions
To qualitatively assess the impact of relatedness need fulfill-
ment on situational motivation, we included three open- 
response questions in the survey. The questions were designed 
to allow deeper investigations into why the SSI curriculum 
might promote a shift on the SDT motivation continuum. The 
questions were as follows:

1. Please describe your relationship with the lead graduate 
teaching assistant for your biology lab class. For example, 
did they address your questions/concerns? Did they seem 
excited to teach you biology?

2. Please describe your relationship with your peers in your 
biology lab class. For example, did you get along? Was the 
work distributed fairly?

3. Explain how the activities in your biology lab relate to your 
personal life or future career goals, if at all.

Data Analysis
Hierarchical Analyses. While all data were analyzed on the 
student level, the curricular treatments were implemented at 
the lab-section level. Thus, there is a clear hierarchical nature 
in the experimental design; students were nested in labs, 
which were nested in lecture sections, which were nested in 
lecturer(s), creating a clustering of groups (Figure 3). Current 
literature has argued for the need to account for the nested 
experimental design structures in statistical analyses. Hierar-
chical linear modeling (HLM) is becoming more prevalent in 
education research studies for this reason (Raudenbush, 1997; 
Matsumura et al., 2013). The clustering of groups was 
accounted for in all quantitative analyses, using HLM (Rauden-
bush, 1997) to allow for unbiased estimates of the treatment 
effect. HLM analysis accounts for within- and between-group 
variances, which increases the accuracy of treatment effect 
estimates compared with comparing subgroup means 
(Raudenbush and Bryk, 2002; Liu et al., 2008). HLM allows 
for testing curricular effects with covariates such as lecture 
section, lab section, and so on, as well as exploration into how 
the effect of curriculum varies temporally across the term. The 
resulting HLM analyses of the SIMS scores and SDI index 
allowed us to account for confounding factors in the experi-
mental design. For example, different GTAs might differ in 
instructional style, ability, and adherence to the curricular 
model, resulting in slightly different implementations of the 
curriculum (Gardner and Jones, 2011). These difference could 
lead to individual students within a single laboratory section 
having more similar motivation scores to one another than to 
other students in different lab sections.

Owing to the unbalanced distribution of curricular imple-
mentation within different lecture courses, differences in SDI 
index and subgroup scores were tested across the different lec-
ture times/sections. Owing to lack of significance, lecture time/
section was deemed a random effect in the model, allowing us 
to account for variance between lecture sections and for differ-
ences in lecturers. Additionally, we accounted for the temporal 
correlation between time-point observations from the same 

students who took part in all three surveys (preterm, midterm, 
and postterm) through repeated-measures methods.

To assess the effect of the SSI lab curriculum on student 
self-determination scores, we tested the fixed effects of the cur-
riculum treatment and the time by curriculum treatment inter-
action. The latter fixed effect examines how the effect of the 
curricular treatment on students’ motivation changed through-
out the term. Data were analyzed using SAS PROC MIXED (SAS 
Institute, 2008). We used a Satterthwaite approximation to 
account for the lack of balance in the responses for degrees of 
freedom, as the laboratory sections were not equally distributed 
across lecture sections and times.

The following is the complete saturated statistical model:

( ) ( ) ( )= µ + α + β + αβ + γ + δ
+ ζ + η + θ + ι + ε

( )

( ) ( )

Y curriculum timeijklmnop i j ij k l k

m kl n klm o p ijklmnop

•	 Yijklmnop = measure of motivation (subconstruct or SDI) of 
the nth student nested in the mth lab nested in the lth sec-
tion nested in the kth lecture at the jth time receiving ith 
curricular treatment

•	 μ = the overall mean
•	 αi = fixed effect for the ith curricular treatment

⚬ i = 1, 2, where control curriculum is 1 and SSI curriculum 
is 2

•	 βj = fixed effect of the jth time measurement
⚬ j = 1, 2, 3

•	 (αβ)ij = fixed interaction of the ith curriculum treatment and 
the jth time

•	 γk = random effect of kth lecture
⚬ N~ 0,k

2( )γ σ γ

•	 δ ( )l k  = random effect of the lth section nested in the kth 
lecture
⚬ N~ 0,l k( )

2( )δ σδ

•	 ζm kl( ) = random effect of the mth lab nested in the lth section 
nested in the kth lecture
⚬ N~ 0,m kl( )

2( )ζ σζ

•	 η ( )n klm  = random effect of the nth student nested in the lth 
lab nested in the mth section nested in the kth lecture
⚬ N~ 0,n klm( )

2( )η σ η

Analysis of Open-Response Data. The students’ answers to 
the open-response questions were analyzed within QSR Inter-
national’s NVivo10 software (v. 10; QSR International, 2012). 
Analysis was primarily theory driven, with SDT in mind 
(Krippendorff, 1980; Weber, 1990; Namey et al., 2007). Ana-
lysts also used thematic analysis of students’ responses when 
appropriate (Auerbach and Silverstein, 2003), allowing for 
some emergent themes grounded in the data (Glaser and 
Strauss, 1967; Namey et al., 2007).

Coding of all data was done by one researcher using a blinded 
coding process. Before being coded, data were de- identified 
(K.H.) in terms of the relevant curriculum (SSI or control) asso-
ciated with students’ responses in an attempt to prevent coding 
bias. Codes were later segregated by corresponding curriculum 
once all coding was complete. Another researcher coded 5% 
of the data, and interrater scoring demonstrated good interrater 
agreement (73%). As an additional measure, the coding 
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processes and emerging codes were discussed with multiple 
external researchers (Patton, 2002, pp. 465–466).

Although these were qualitative data from open-response 
questionnaires, we chose a quantitative analysis due to the 
large number of small units of texts (1–3 sentences long). Con-
verting qualitative data into quantitative data for analysis is a 
common practice, especially when data from many participants 
are collected (Bernard, 1996). Upon completion of the coding, 
NVivo was used to generate code frequency reports. These 
reports uncovered coding themes in the data for each question 
on the questionnaires, separated by curriculum (SSI and Con-
trol). Specifically, frequencies were determined “on the basis of 
the number of individual participants who mention[ed] a par-
ticular theme” (Namey et al., 2007, p. 143). Nonparametric 
two-sample proportion tests were used to compare the frequen-
cies of each code for each question between the two curricula. 
Differences were deemed significant at p < 0.05. To highlight 
the most prevalent themes, we omitted any code that repre-
sented less than 5% of the total responses to a particular ques-
tion for both curricula combined.

RESULTS
Student Demographics
There were similar numbers of student responders in each cur-
riculum (SSI curriculum: n = 443; control curriculum: n = 418) 
with similar demographics. The majority of the students 
reported being between ages 18 and 22 years. The majority of 
students were female (SSI: 58%; control: 59%) and European 
or white (SSI: 67%; control: 72%) in both groups. The next 
most frequently reported ethnicity was Asian or Asian American 
(SSI:17.2%; control:13.9%), while all other race/ethnic origin 
categories represented less than 10% of the total enrollment in 
both curricula.

Response Rates
The HLM analysis included only those who participated in all 
three surveys (n = 698) in order to assess individuals’ motiva-
tion over time. The response rate for completing all three sur-
veys was 72% with no statistically significant differences regard-
ing completion between SSI and control groups. Individual lab 
section response rates varied from 56 to 86%, with similar low 
and high rates in both SSI and control groups. Of the 968 stu-
dents enrolled in the classes at the end of the term, 861 partic-
ipated in the postterm survey, with an overall response rate of 
89% for the three questions on relatedness.

Curricular Effects Using the Self-Determination Index
Students in the SSI curriculum had an increased score on the 
SDI motivational index that was, on average, 1.394 higher (F = 
12.16; SE = 0.40; df = 28; t = 3.49; p < 0.005) than those in the 
control curriculum (see Figure 4). This higher score in the SSI 
curriculum indicates a shift toward more autonomous forms of 
motivation.

The difference in SDI scores between the SSI and control 
groups was determined from an average of the lab section 
scores. Many of the lab sections in the SSI groups had signifi-
cantly higher SDI scores than the control groups. While there 
was no difference in SDI scores between SSI and control groups 
in the preterm surveys, students in the SSI group had signifi-
cantly higher SDI scores than the control group in both the 

midterm and postterm surveys (Figure 4). There was a signifi-
cant effect of time on SDI score over the course of the term (F = 
13.42; p < 0.001), in that students’ motivation in both treat-
ment groups decreased over the course of the term. There was 
not a significant curriculum by time interaction (F = 2.24; p < 
0.1073).

Curricular Effects Broken out into Subconstructs
We also investigated the differences between the SSI and con-
trol groups in the four subconstructs of motivation represented 
on the SIMS survey individually to get a better sense of the 
types of motivations that were most salient over the course of 
the term.

Autonomous Regulation. For intrinsic motivation, there was 
strong evidence of an effect of curricular treatment (F = 27.85; 
p < 0.0001) and an interaction between curricular treatment 
and time (F = 2.20; p < 0.01). These results indicate that, at the 
end of the term, intrinsic motivation was significantly higher in 
the SSI group than in the control group. Compared with the 
preterm survey, intrinsic motivation was lower in both the con-
trol and the SSI groups at both the midterm and the postterm 
surveys. However, the decrease is significantly less for the SSI 
group than for the control group. For identified regulation, 
there is similarly strong evidence of an effect of curricular treat-
ment (F = 11.13; p < 0.005) but no interaction between curric-
ulum and time (F = 2.20; p > 0.1). It appears that identified 
regulation decreased for both treatment groups throughout the 
term; however, there was a larger decrease in the control group 
between preterm and midterm in comparison with the SSI 
group. At the end of the term, students in the SSI group had 
higher internal regulation than those in the control group.

Controlled Regulation. There is strong evidence that there is 
an effect of curricular treatment on external regulation (F = 
45.86; p < 0.05) but no evidence of an interaction between 

FIGURE 4. Difference in average and 95% confidence intervals 
(F = 12.16; p < 0.005) in student SDI scores (SIMS average scores) 
and 95% confidence intervals between the control (blue) and SSI 
(red) curricular treatments for all laboratory sections in the control 
and SSI groups over time (preterm = 0, midterm = 5, postterm = 10). 
SDI scores can range from −18 to +18.
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FIGURE 5. Student descriptions of the relevance of the curriculum. Coded student 
responses to the questionnaire question asking students to explain the relevance of the 
lab activities to their daily lives and/or future career goals for the SSI (n = 435) and control 
(n = 415) groups. Categories with significant differences between the two curricula 
determined by the two-sample proportion tests are indicated with asterisks (*, p < 0.05; 
**, p < 0.01).

FIGURE 6. Participant descriptions of student–instructor relationships. Coded student 
responses to the question asking students to describe their relationships with their GTAs 
for the SSI (n = 435) and control (n = 415) groups. Categories with significant differences 
between the two curricula determined by the two-sample proportion tests are indicated 
with asterisks (*, p < 0.05; ** p, < 0.01).

curricular treatment and time (F = 0.82; p > 0.4). It appears that 
external regulation changes very little throughout the term for 
the control group. On the other hand, as time goes by, the exter-
nal regulation for the SSI group decreases. The SSI group had 
lower external regulation than the control group at the end of 
the term.

Amotivation. In general, over time, amotivation increases for 
both groups. However, the increase is greater for the control 
group compared with the SSI group. There is strong evidence of 
an effect of curricular treatment for amotivation (F = 4.28; p < 
0.06). However, there is no evidence of an interaction between 
curricular treatment and time on amotivation (F = 0.53; 

p > 0.5). The SSI group had lower amoti-
vation scores than the control group at the 
end of the term.

Postterm Open-Response Question 
Coding Results. In the SSI curriculum, 
fewer students indicated that the lab activ-
ities were not relevant to their daily lives 
or future careers compared with students 
in the control curriculum (Figure 5; SSI = 
30.1%; control = 39.8%; p < 0.005). Addi-
tionally, more students indicated real-
world relevance (SSI = 18.2%; control = 
3.2%; p < 0.001) or interest (SSI = 12.4%; 
control = 6.7%; p < 0.01) regarding the 
laboratory activities in the SSI curriculum 
than in the control curriculum. Another 
theme that differed between SSI and con-
trol curricular groups was a change or 
affirmation of career goals (SSI = 2.8%; 
control = 0.5%; p < 0.01).

A significantly higher percentage of SSI 
students than control students described 
their GTA as excited to teach (SSI = 41% 

of responses; control = 33; p < 0.05; Figure 6). There was 
also significantly higher percentage of positive responses con-
cerning GTA quality from students experiencing the SSI curric-
ulum versus the control curriculum (SSI = 57.2%; control 
37.3%; p < 0.01). Significantly fewer students (p < 0.01) in the 
SSI group (3.2%) described their relationship with their GTA 
negatively or as nonexistent compared with the control group 
(7.5%).

The final open-response questions explored themes related 
to student–student relationships in the context of the laboratory 
class. There were no significant differences in coded categories 
related to student–student relationships between student 
groups receiving the two different curricula (Figure 7; p > 0.05).

DISCUSSION
Proponents of the SSI approach to science 
education have found that the use of 
socially relevant issues helps students 
relate scientific content to their everyday 
lives and may increase their motivation to 
learn science (Sadler, 2009). Several stud-
ies show that SSI interventions provide 
motivating contexts for learning from a 
student perspective (Barber, 2001; Sadler, 
2004, 2009). Additionally, of more than 
200 empirical education studies in which 
the SDT framework has been applied to 
investigate educational outcomes or moti-
vational profiles of students, few have 
focused on undergraduate introductory 
courses or the effects of curricular innova-
tion on student motivation (Guay et al., 
2008). To date, our study is one of the first 
to investigate undergraduate biology 
majors’ motivation with regard to an SSI-
based curriculum, and, specifically, in 
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FIGURE 7. Participant descriptions of peer relationships. Coded student responses to the 
question asking students to describe their relationships with their peers for the SSI (n = 
435) and the control (n = 415) groups. Categories with significant differences between the 
two curricula determined by the two-sample proportion tests are indicated with asterisks 
(*, p < 0.05; **, p < 0.01).

comparison with a traditional curricular control group. Weight-
ing the scores of the subconstructs to compute a single motiva-
tion score (SDI) from the SIMS allowed us to reduce the number 
of motivational components in the analysis and better visualize 
the treatment effects in the various lab sections over time 
(Ratelle et al., 2007). Overall we found the lab section SDI aver-
ages were not only significantly higher for the SSI curriculum, 
but they also had significantly lower variance. The reasons for 
this lower variance may have been in part due to the effects of 
the SSI curriculum being structured so that student motivation 
was less GTA dependent. Indeed, standardizing the experience 
of students in these various sections nested in the larger lecture 
courses is an ongoing practical concern, as GTAs often have no 
formal pedagogical training, and yet they play a large role in 
science education at institutions of higher education (Gardner 
and Jones, 2011).

In addition to adding to these knowledge bases, analyzing 
the data according to the individual subconstructs of motivation 
from the self-determination continuum allowed us to investigate 
the effects of the treatments on intrinsic motivation, integrated 
regulation, external regulation, and amotivation over the course 
of the term. The analysis of the subconstructs in the SIMS from 
the self-determination continuum revealed that motivation 
types deemed more autonomous (intrinsic motivation and iden-
tified regulation) declined over the course of the term. This find-
ing aligns with previous research that has indicated that more 
intrinsic motivations regarding academic activities can decrease 
as the time for evaluation of those activities approaches (Wicker 
et al., 2004). We conjecture that, as a final exam approaches 
near the end of the term, students may feel more external pres-
sure (and regulated motivation) concerning awarding of exam 
and course grades by their instructors. Indeed, competitive and 
evaluative environments are correlated with more controlled 
types of student motivation concerning academic activities 
(Guay et al., 2008). Thus, students in both the SSI and control 
curriculum groups may have perceived their lab courses in this 
evaluative light as the term progressed. Yet, given our findings 
that students experience less of a decrease in autonomous moti-

vation with the SSI curriculum, we suggest 
a possible buffering effect of the SSI curric-
ulum on the more typical decrease in moti-
vation as students move into the stressful 
and demanding end portion of the course. 
This conclusion is consistent with other 
research showing that classroom contexts 
that support feelings of self-determination 
(notably via faculty supporting student 
autonomy) negate the less autonomy-sup-
portive aspects of academic programs such 
as competition with peers for a limited 
number of high grades (Sheldon and 
Krieger, 2007; Guay et al., 2008).

Our study also explored the effect of 
the SSI curriculum on undergraduate biol-
ogy students’ perception of relatedness to 
curricular topics, their instructors, and 
their peers. We found that student percep-
tions of relatedness with the curricula and 
GTAs were different between the two stu-
dents groups, with students experiencing 

the SSI curriculum claiming greater relatedness with both. We 
assume that part of the reason for this finding, and the related 
findings concerning autonomous motivation differences over-
all, is that the SSI curriculum focused heavily on locally and 
globally relevant issues that were potentially more relevant for 
students, as previously documented (Darner, 2009, 2014). SDT 
researchers have found that autonomous motivations are more 
likely to occur when a student’s need for relatedness, or social 
connectedness (in addition to competence and autonomy) is 
adequately fulfilled (Deci et al., 1991). The need for relatedness 
has been described as needing to feel a sense of social belong-
ing. In the classroom context, the relevance of the learning and 
student relationships with peers and instructors are particularly 
important to fulfilling the relatedness need (Ryan and Deci, 
2000). The higher positive perceptions of student–GTA relation-
ships was also not an expected finding. More research is needed 
to further investigate the nuances in the SSI model’s impact on 
student–instructor interactions. It is possible that the novel 
inquiry-based methods associated with the SSI curriculum may 
have been a confounding variable regarding various findings, 
and especially with respect to perceived GTA enthusiasm and 
quality. It is also possible that, despite the randomization of 
GTAs teaching the different curricula, there were one or two 
more engaging GTAs in the SSI group than in the control group.

There were no differences in student perceptions of peer 
relationships between the SSI and the control curriculum 
groups. The overwhelming majority of students in both curric-
ula reported positive, friendly interactions with their peers in 
lab. Most indicated that the peers in their lab groups contrib-
uted equally to completing the lab exercises. It is possible that 
the unique setting of the laboratory climate and requirement in 
both curricula of cooperative interactions with peers ultimately 
were more powerful predictors of student relatedness than the 
curricular nuances.

Implications, Limitations, and Future Directions
We believe there is practical utility in using a motivational 
framework to explore and plan for student success. This study 
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may help practitioners identify ways to create learning envi-
ronments that support students’ autonomous motivations in 
large introductory courses, namely via SSI-based curricula. 
Moving beyond studies that simply assess intrinsic and extrin-
sic motivation, our study additionally provides educators 
insight into the worth of SSI curricula for nuanced aspects of 
motivation shown to be critical for student success (i.e., per-
ceived relatedness to curriculum and instructors). Our results 
indicate than these more proximate SSI curriculum–related 
outcomes help accomplish the more ultimate goal of func-
tional biological literacy or students’ ability to understand, 
problem solve, and communicate with regard to timely and 
complex real-world biology–based problems. Finally, we hope 
that our study might serve as a methodological model for oth-
ers doing discipline-based education research, with the novel 
nested design allowing researchers to attend to potential con-
founding factors in quasi-experimental design, such as class 
sections, instructors, and so on.

However, additional methodological limitations to this study 
must be acknowledged. Most problematic, and alluded to ear-
lier, is that it is not possible to discern from our data which 
aspect of the SSI curriculum can be credited with the observed 
student outcomes. Indeed, a number of curricular and instruc-
tional aspects that were part of the SSI treatment are known to 
be associated with positive student outcomes, including real-
world relevance of the curriculum, inquiry-based and prob-
lem-solving exercises, and the student reflection exercises at the 
end of each SSI lab. Also, because students were not surveyed 
after every lab period, our study design did not allow for the 
analysis of the impact of individual lab modules on student 
motivation or relatedness with respect to SSI, GTAs, and peers. 
Ultimately, in considering our study results, the SSI curricular 
model that we used must be considered as a whole. At the same 
time, the coded responses of the open-ended survey questions 
strongly indicate that the contextualized SSI issues had a poten-
tially isolatable effect on student motivation and perceptions of 
relatedness. Given the voluminous body of research indicating 
inquiry-based pedagogy and student reflection are “best prac-
tices” in promoting student learning, we are hesitant to suggest 
that further study should be conducted on the potential of SSI 
devoid of these other strategies.

Additional study limitations pertain to the results around 
relatedness. It has been suggested by others that a student’s 
ability to perceive the value in the learning activities depends 
on the social connections made in relatedness need fulfillment 
(e.g., Deci, 1992). Yet, as predicted by SDT, it is highly likely 
that students also felt a greater sense of autonomy when 
engaged with the SSI curriculum particularly, due to the inclu-
sion of more authentic science activities. More research is 
needed to ascertain the relationship between relatedness and 
autonomy and potential overlap between these two needs in 
impacting student motivation. Regardless, the results of this 
study support the conceptual framework guiding the hypothe-
ses and research questions (Figure 2) around the connections 
between autonomous motivations in SDT, the SSI model, and 
the importance of relevance to increasing motivation. Although 
we made no direct assessment of the development of functional 
biological literacy, we have extrapolated that quotes from stu-
dents regarding their ability to make connections with content 
and real-world issues and their daily lives indicate a positive 

outcome and link in the conceptual framework. Future research 
studies could identify and implement more direct assessments 
of functional biological literacy along with motivational con-
structs of SDT related to SSI.

The fact that this curricular implementation took place at a 
single institution, and thus the subsequent limits to generaliz-
ability, must be also acknowledged. Additionally, “treatment 
diffusion” could have biased this study, given that it took place 
in the same institution, and students almost certainly shared 
their experiences in the laboratory curriculum across the con-
trol and SSI groups. To control for treatment diffusion effects, a 
cohort model design could be used in future studies when a 
new SSI curriculum is implemented in large courses.

Still, given these limitations, we believe that our study, 
because it is a large quasi-experimental study with the presence 
of a control group, added to the literature base regarding under-
graduate motivation and relatedness in biology and with respect 
to SSI curricula specifically. We conclude that the use of an SSI 
curriculum in large introductory biology laboratory courses 
may yield positive effects on the motivation of students, includ-
ing buffering a typical decrease in student motivation over the 
term of a course. This increased motivation and buffering effect 
could potentially increase students’ success and persistence in 
biology courses and programs and in attending to pressing 
issues of great societal import.
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