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ABSTRACT ARTICLE HISTORY
Science educators have presented numerous conceptual and Received 2 January 2015
theoretical arguments in favor of teaching science through the Accepted 17 June 2016
exploration of socio-scientific issues (SSI). However, the empirical

knowledge base regarding the extent to which SSl-based Curmi . .
. - . . o R urriculum; biotechnology;
instruction supports student learning of science content is limited socio-scientific issues;
both in terms of the number of studies that have been conducted learning; multi-level

in this area and the quality of research. This research sought to assessment

answer two questions: (1) To what extent does SSl-based

instruction support student learning of science content? and

(2) How do assessments at variable distances from the curriculum

reveal patterns of learning associated with SSl-based instruction?

Sixty-nine  secondary students taught by three teachers

participated in the study. Three teachers implemented an SSI

intervention focused on the use of biotechnology for identifying

and treating sexually transmitted diseases. We found that

students demonstrated statistically and practically significant gains

in content knowledge as measured by both proximal and distal

assessments. These findings support the claim that SSl-based

teaching can foster content learning and improved performance

on high-stakes tests.

KEYWORDS

Socio-scientific issues (SSI) are complex societal issues with conceptual, procedural, and/
or technological associations with science. These challenging issues are likely to be con-
fronted within peoples’ daily lives (Kolstg, 2001) and provide students with a context to
support their active examination of the relationships among science, their lives in
society, and technology (Driver, Newton, & Osborne, 2000; Kolsto, 2006; Zeidler,
Sadler, Applebaum, & Callahan, 2009). In recent years, science education researchers
have recognized the significance of SSI as a means of engaging students in inquiries
related to science as well as their own lived experiences (Topcu, Sadler, & Yilmaz-
Tuzun, 2010; Zeidler, 2003). Development of learners’ abilities to understand, negotiate,
and ultimately make decisions regarding SSI is critical to scientific literacy (see Roberts,
2007). The importance of integrating student practices relative to the negotiation,
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discussion, and analysis of complex SSI is recognized internationally (American Associ-
ation for the Advancement of Science [AAAS], 1990; Australian Curriculum, Assessment
and Reporting Authority [ACARA], 2015; Ministry of National Education of Turkey,
2013; National Research Council, 1996).

Multiple models for SSI-based instruction have been developed (e.g. Eilks, 2010; Presley
et al., 2013; Saunders & Rennie, 2013), but they share common features: (1) use of a
complex, socially relevant issue as a central theme; (2) engagement of learners in higher
order thinking processes, (3) and explicit attention to the science and social dimensions
of the issue. We have argued elsewhere that SSI-based instruction needs to provide learn-
ing contexts with opportunities for students to explore conceptual connections to science
as well as engage in discussion, critical thinking and decision-making (Klosterman &
Sadler, 2010). This instruction focuses on evidence-based reasoning and attention to pro-
blems that require negotiation, engagement, and analysis of multiple perspectives.
Through SSI, students are challenged to consider scientific principles underlying the
issues and analyze scientific data that can inform the negotiation of issues (Zeidler
et al., 2009). The scientific knowledge that develops as a result of discussion and nego-
tiation of SSI becomes personally relevant and socially shared. Advocates of SSI-based
instruction have argued that the approach can support several desired student learning
outcomes including students’ development of interest and motivation in science (Albe,
2008; Bulte, Westbroek, De Jong, & Pilot, 2006; Dori, Tal, & Tsaushu, 2003; Harris & Rat-
cliffe, 2005; Parchmann et al., 2006; Romine & Sadler, 2014), understandings of nature of
science (NOS) (Eastwood et al., 2012; Khishfe & Lederman, 2006; Walker & Zeidler, 2007),
and reasoning skills (Lee & Erdogan, 2007; Pedretti, 1999; Tal & Hochberg, 2003; Tal &
Kedmi, 2006; Yager, Lim, & Yager, 2006; Zeidler et al., 2009; Zohar & Nemet, 2002;
Romine, Sadler, & Kinslow, 2016).

Although interest, motivation, NOS, and critical thinking are important components of
scientific literacy and their development is crucial to science education, measures of these
variables are rarely assessed in state, national, or international examinations (Orpwood,
2001). Instead, these examinations place emphasis on content knowledge. Many educators
argue (or at least implicitly assume) that developing increasingly sophisticated under-
standings of scientific content is the primary goal of science education (see Roberts,
2007). Given the prioritization and representation of basic science concepts in national
standards and standardized assessments, this view is reified in the field’s most important
policy documents (Klosterman & Sadler, 2010). While researchers have offered ample
conceptual and theoretical justifications for the inclusion of SSI as central elements of
science teaching (Sadler, 2011a; Zeidler, 2003), actual implementation of SSI approaches
has been relatively limited (Sadler, 2011b). At least part of the challenge in widespread dis-
semination of SSI is an assumption on the part of some teachers, administrators, and
policy-makers (Hughes, 2000; Pouliot, 2008) that SSI-based teaching dilutes student
exposure to basic science ideas and principles and may inhibit student learning of the
kinds of science knowledge that are most valued in today’s educational system
(Orpwood, 2001). Therefore, in order to advance the field of SSI practice and research,
empirical investigations that test the hypothesis that SSI-based teaching supports
science content learning are necessary. In this study, we explore the efficacy of SSI-based
instruction for supporting student learning of content knowledge related to molecular
biology and genetics at the high school level.
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Review of literature
Learning content in the context of SSI

Some research points to the effectiveness of SSI-based instruction in supporting science
content learning. Venville and Dawson (2010) studied student learning of genetics in
the context of an instructional unit related to genetic technologies. Students participating
in the SSI intervention demonstrated significantly better learning than a comparison
group, which studied genetics through a more traditional approach. The authors charac-
terized the differences observed as modest but significant. This study supports the conten-
tion that SSI-based instruction fosters learning of science content, but the necessarily
limited scope (the study focuses on one unit) leaves the question of student learning in
the context of SSI only partially answered. Other researchers have also addressed the ques-
tion, but limitations in the design of the studies and instrumentation have led to some cri-
ticism. For example, some research in this area relies on post-test designs that cannot
account for variance in prior knowledge (e.g. Bulte et al., 2006; Zohar & Nemet, 2002).
Zohar and Nemet (2002) investigated the effects of a 12-week SSI intervention involving
four 9th grade classes from two Israeli schools. The intervention focused on the explicit
incorporation of argumentation and related the instruction to genetic engineering,
applied human genetics, and social issues associated with these topics. A comparison
group received conventional instruction and followed a traditional textbook approach
with no special attention paid to processes of argumentation. Since the main focus of
the study was improving students’ argumentation skills, students’ content knowledge
was not explored prior to the SSI instruction. Therefore, the effect of this SSI instruction
on students’ learning of science content was not as clear as the investigation of argumenta-
tion skills. Similarly, Bulte et al. (2006) used a chemistry curriculum about water quality to
investigate the potential impact of a context-based curriculum. They reported that 70% of
the students answered questions correctly following completion of the curriculum, but
they did not report on students’ knowledge prior to the intervention. Most recently,
Dawson and Venville (2013) investigated the effect of an argumentation-focused SSI
unit on students’ argumentation and informal reasoning capacities. Using a quasi-exper-
imental approach, they found that improvement in argumentation and informal reasoning
was significantly greater in students who engaged in argumentation activities around SSI
than students who did not.

Another group of studies used pre-post designs to investigate content knowledge gains
following the implementation of SSI-based instruction (Barab, Sadler, Heiselt, Hickey, &
Zuiker, 2007; Dori et al., 2003; Klosterman & Sadler, 2010). Dori et al. (2003) investigated
high school students’ learning associates with implementation of SSI-based instruction
including biotechnology, the environment, and related issues. The pre- and post-test
results showed that students improved their understanding of science content across
the instruction. Barab et al. (2007) and Sadler, Klosterman, and Topcu (2011) also
studied student learning in the context of SSI-based units and documented learning gains.

An important critique of the extant literature related to the question of how effective
SSI-based instruction is for supporting student learning of science content relates to the
validity of the measures employed. For example, Yager et al. (2006) explored student
learning in the context of a local environmental issue. Comparisons of student perform-
ance between an issue-based class and a more traditional class were made based on
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assessments of student learning derived from teacher-generated tests. The items were well
aligned with the instructional contexts, which certainly make sense from a pedagogical
perspective, but such alignment presents difficulty for the interpretation of empirical
results; in fact, the What Works Clearinghouse (Institute of Educational Sciences, 2014)
cautions researchers about the negative impact of overalignment on the generalizability
and usefulness of clinical findings. Zeidler, Applebaum, and Sadler (2011) provide
another example in which student learning was assessed through an instrument developed
for classroom purposes. In this case, student’s content learning was not the primary
research focus, but the study has been cited as evidence for learning outcomes generated
by SSI-based instruction.

Multi-level assessment

In the investigation of the effects of focused teaching interventions on content learning, we
face the need to obtain measures that are both sensitive to change and generalizable. This
is difficult to do with one assessment. Assessments that are closely aligned to a particular
curriculum are subject to critique for limited generalizability and comparability. On the
other hand, assessments that are distanced further from a curricullum may document
growth that is more generalizable but are less likely to show change in students’ under-
standing of relevant content, and are therefore less powerful. For instance, international
test scores such as the Programme for International Student Assessment (PISA) are unli-
kely to change significantly in response to a 2-week intervention because PISA exams
cover such a broad array of content relative to what could be covered over a focused unit.

Multi-level assessment (Ruiz-Primo, Shavelson, Hamilton, & Klein, 2002) offers a con-
ceptual framework for responding to these challenges. Assessments can be thought of as
occupying variable distances from a curriculum. The ‘closest” assessments are embedded
within instruction. These kinds of assessments likely provide critical information for tea-
chers that can be used to inform instructional decisions, but they are not likely to provide
the kind of information needed to build an empirical argument around the efficacy of an
intervention (Hickey & Pellegrino, 2005). Assessments such as unit tests are not as ‘close’
to the curriculum as embedded assessments but are still closely aligned with the context of
instruction. End-of-course exams are positioned at a greater distance from the curriculum,
and international comparative exams, like PISA, are among the most distant measures
commonly used in educational contexts. Research designs are strengthened and have
potential to offer more information when measures are taken at variable distances from
the target curriculum (Hickey & Pellegrino, 2005).

Research questions

Given the status of the field’s understandings of SSI-based teaching, critiques that have
been applied to the SSI research base, and insights gleened from the multi-level assessment
framework, we designed a study based on the following research questions:

(1) To what extent does SSI-based instruction support student learning of science content?
(2) How do assessments at variable distances from the curriculum reveal patterns of
learning associated with SSI-based instruction?
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Methods
Participants

Sixty-nine secondary students taught by three teachers participated in the study. The
science learning goals for the classes related to genetics and molecular biology, and
instruction incorporated a focus on biotechnology. The instructional intervention was
implemented over approximately three weeks. Teachers used an SSI curriculum that high-
lighted the use of biotechnology for identifying and treating sexually transmitted diseases.
The learning context is described in greater detail below.

The three participating teachers taught science in different high schools across the state
of Florida. Two of the teachers taught biology, and one taught integrated science. The inte-
grated science teacher was a biology teacher by training but her school district had adopted
an integrated science sequence. The course she taught had a heavy focus on the life
sciences, and the primary audience was students in their sophomore year of high
school, which was the same group that took biology in the other schools involved in
the study. Of the 69 participating students, roughly half were female.

Intervention

In creating the SSI intervention, we drew from an empirically based framework for opera-
tionalizing and planning SSI instruction (Presley et al., 2013; Sadler, 2011b). Key aspects of
this framework include the following: (a) framing instruction around a compelling issue and
explicitly featuring this issue at the outset of instruction; (b) focusing on student learning of
core disciplinary ideas; (c) challenging students to collect and/or analyze data related to the
issue; (d) providing opportunities for learners to negotiate social dimensions of the issue fea-
tured; and (e) using media and information and communication technologies (ICT) as a
means of student collection and/or dissemination of information regarding the issue. In
this particular intervention, instruction was framed around a narrative case involving the
emergence of a novel strain of a sexually transmitted viral disease. The issue of how a
new strain of a sexually transmitted disease impacts individuals and communities and
how biotechnology can be used to identify disease-causing agents were the central organiz-
ing features of the unit; this corresponds to aspect A in the framework highlighted above.
The science content learning goals for the unit related to genetics and molecular biology
and were aligned with state science standards (consistent with aspect B in the SSI instruc-
tional framework). Our research team considered the standards addressed in four
‘bundles:” (1) deoxyribonucleic acid (DNA) structure and replication, (2) transcription,
translation and protein structure, (3) genetic technologies, and (4) pathogens and
immune responses. The eight state standards that correspond to these bundles are presented
in Table 1. As the unit unfolded, students followed the work of a scientist as she used bio-
technology tools and procedures to identify the disease-causing agent featured within the
case as human papilloma virus (HPV). This created multiple opportunities for students
to examine and analyze scientific data including electrophoretic data to determine the pres-
ence and quantity of DNA and results from real-time polymerase chain reactions (PCRs)
(aspect C from the framework). Social dimensions of the issue included class discussions
of societal responsibilities regarding the prevention of disease including sexually transmitted
viruses. This led to consideration of vaccination policies, which pit societal health interests
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Table 1. Florida state science standards aligned with the intervention.
Thematic set Standards

DNA structure and replication SC.912.L.16.3: Describe the basic process of DNA replication and how it relates to the
transmission and conservation of the genetic information.

SC.912.L.16.4: Explain how mutations in the DNA sequence may or may not result in
phenotypic change. Explain how mutations in gametes may result in phenotypic
changes in offspring.

Transcription, translation and SC.912.L.16.5: Explain the basic processes of transcription and translation, and how
protein structure they result in the expression of genes.

SC.912.L.18.4: Describe the structures of proteins and amino acids. Explain the
functions of proteins in living organisms. Identify some reactions that amino acids
undergo. Relate the structure and function of enzymes.

Genetic technologies SC.912.L.16.11: Discuss the technologies associated with forensic medicine and DNA
identification, including restriction fragment length polymorphism (RFLP) analysis.
$C.912.L.16.12: Describe how basic DNA technology (restriction digestion by
endonucleases, gel electrophoresis, PCR, ligation, and transformation) is used to
construct recombinant DNA molecules (DNA cloning).
Pathogens and immune responses  SC.912.L.14.52: Explain the basic functions of the human immune system, including
specific and nonspecific immune response, vaccines, and antibiotics.

SC.912.L.16.7: Describe how viruses and bacteria transfer genetic material between

cells and the role of this process in biotechnology.

against individual rights (aspect D). In terms of using media and ICT (aspect E), students
used several different forms of current media that they accessed through the Internet to
identify major characteristics of HPV; compare symptoms, effects, and biological mechan-
isms of HPV with human immunodeficiency virus (HIV); and identify ways in which HPV
and HIV affect individuals and society. As a part of these learning experiences, students were
scaffolded to support critical examination of media sources, intended messages, and poten-
tial biases. A description of the primary strategies employed to support student access and
analysis of media is presented in Klosterman, Sadler, and Brown (2012).

Within the SSI unit, classes engaged in a variety of teaching and learning activities.
There were numerous small group activities and discussions that encouraged students
to work with their peers to develop understandings of the issue under consideration,
the science principles related to this issue, biotechnology tools used in examination of
the issue, and social dimensions of the issue. Information was also presented through
some teacher lectures, a wet laboratory experience (DNA extraction), and a multi-day lab-
oratory simulation (PCR) including an opportunity for students to analyze data from
actual real-time PCR results. Throughout the unit, students completed journaling tasks
that challenged them to make sense of new science ideas relative to the issue under con-
sideration. The average implementation time among the three SSI teachers was 14 hours of
classroom instruction.

Instruments

Our focus in this study was on student learning of science concepts and the extent to
which an SSI curriculum and instructional approach can support learning defined in
this way. Advocates of SSI teaching contend that the approach can support a variety of
science learning goals beyond understandings of core content; for example, opportunities
to negotiate complex SSI can promote specific reasoning competencies (Sadler, Barab, &
Scott, 2007). However, while the students in the current study may have developed reason-
ing competencies and other desirable learning outcomes (e.g. procedural knowledge
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related to biotechnology, better understandings of the epistemic commitments of science,
etc.), the focus of our research was student content knowledge and therefore our research
instrumentation assessed student understanding of science concepts. In the introductory
section, we justified this attention to science content knowledge because of the significance
placed on student content learning, as measured through standardized tests, by policy-
makers, school administrators, and teachers.

We employed a multi-level assessment framework (Hickey & Pellegrino, 2005; Kloster-
man & Sadler, 2010; Ruiz-Primo et al., 2002) to evaluate gains in content knowledge related
to genetics and molecular biology. Through the lens of multi-level assessment, proximal and
distal assessments were administered to students before and after the interventions, and both
instruments focused on assessing student understandings of relevant science concepts. The
proximal assessment contained multiple-choice items directly tied to the science content
covered in the SSI intervention and was similar to an end-of-unit content examination.
The items were created by our research and development team, and they were consistent
in language and context with ideas and formats presented in the instructional environment.
An expert panel consisting of a biotechnology education coordinator, an experienced high
school biology teacher, a PhD biochemist, and a psychometrician reviewed the instrument
and provided suggestions for improving face validity. We also pilot tested the instrument
with a sample of 32 students not involved in the current study. Based on results from the
expert review and the pilot test, we produced a finalized version of the proximal exam; it
contained 19 items. Reliability of the instrument, as measured by Cronbach’s alpha, was
appropriate for the temporal comparisons made: o,y = .686, otpo5 = .827.

The distal assessment was aligned with the eight content standards on which the inter-
ventions were based (see Table 1). The items for the distal assessment were derived from
publically released portions of several U.S. state (California, Florida, New York, and Texas)
and national (International Baccalaureate and National Assessment of Educational Pro-
gress) exams. The distal items focused on science concepts addressed in the instruction
but they presented representations of the content abstracted from the instructional con-
texts. A distal assessment of this sort can be considered a proxy for standardized tests
(Hickey & Pellegrino, 2005). It addressed a restricted range of content as opposed to
most standardized tests which tend to cover the full range of ideas in a discipline or
course, but it presented assessment tasks similar to the kinds of concept-oriented items
and format used in high-stakes testings. Thirty-nine items from standardized instruments
were identified as aligning with target standards, and an expert panel including two
biology teachers, a biotechnology researcher, two science teacher professional develop-
ment providers, and two science education researchers reviewed the items for scientific
accuracy and alignment. An initial version of the exam was piloted with 128 students
not involved in the current study. We used classical test theory and item response
theory to analyze pilot test data. Based on these results and feedback from the expert
panel, we reduced the exam to 18 multiple-choice items. The items demonstrated satisfac-
tory collective reliability on the pre- and post-tests: aye =.839, 05 = .868.

Data analysis

Statistical significance of proximal and distal gains was evaluated using paired t-tests at the
95% confidence level. Since proximal and distal measures were both related to genetics, we
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Table 2. t-tests and Cohen’s D effect sizes for gains.

Test Pre-test mean (SD) Post-test mean (SD) tdf = 68) Dgain
Proximal 7.30(2.93) 14.12(5.41) 10.21** 1.22
Distal 7.20(3.53) 9.76(4.31) 5.52%* 0.66
**p <« .001.

employed the Bonferroni correction for inflation of Type 1 error due to multiple tests.
Cohen’s D, a sample size independent measure of gains on a scale of standard deviations,
was used as measure of practical significance.

Results

Average student scores on the proximal post-test nearly doubled relative to performance
on the pre-test (from 38% to 75%). A paired t-test suggests that this gain was statistically
significant: t4¢ - ¢g = 10.21, p < 0.001 (see Table 2). The effect size calculated with Cohen’s
D (Dgqin = 1.22) indicates that the change observed was large and practically significant.

Average student scores on the distal test increased from 38% to 54%. A paired t-tests
indicated that these gains were statistically significant (tgr- 3 =5.52, p < .001), and the
effect size (Dyg,in = 0.66) was moderate. These results suggest that students demonstrated
statistically and practically significant gains on both the proximal and distal measures
of biological content knowledge following the SSI intervention. However, the magnitude
of gain for the proximal test was twice that for the distal test.

Discussion

We begin our discussion of the study results and its implications with a presentation of its
limitations. At the outset of our work, we had to make decisions about what to compare as
a means of attaining our goal to explore the efficacy of SSI-based instruction. From a strict
research design perspective as outlined in the What Works Clearinghouse Guidelines
(Institute of Educational Sciences, 2014), implementing a randomized controlled trial
whereby we randomly assign teachers to an intervention or control group would be
ideal. However, this approach does not recognize the complex realities of modern school-
ing; nor does it value the professional roles adopted and decisions made by teachers. It was
not practically or ethically feasible for us to implement a true controlled experiment. Fur-
thermore, we were faced with the decision of whether or not to use a comparison group,
and if so, what type of comparison to use. We worked with a fourth teacher (with 19 stu-
dents) who decided to develop and implement her own curriculum addressing the stan-
dards in Table 2, and so we initially considered using this group as a comparison.
However, we found that results on the proximal assessment were confounded because it
was designed to be aligned to the SSI curriculum, and not the comparison curriculum. Fur-
thermore, making comparisons between curricula assumes that the mean is a valid esti-
mate of the population and the variances are equal between treatments; these depend
on the assumption that the students in the comparison teacher’s classroom are similar
in prior knowledge and experience as the students in the SSI group. Indeed, Dawson
and Venville (2013) address this by using the same teachers and schools for experimental
and comparison groups to ensure that both groups could be modeled with the mean.
While some of these concerns could be addressed using robust non-parametric
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methods, analyisis of covariance (ANCOVA), or multi-level modeling, our most pressing
concern was that comparison of a curriculum that was carefully designed in a research
context to another which was developed by a solitary teacher in a relatively short time
frame may not be meaningful.

Given the concerns above, we ultimately found it best to study the effects of the SSI-
based intervention as a pre-post design without drawing upon a potentially confounded
comparison group. We recognize that these design decisions limit the generalizability of
the findings, but we agree with the arguments presented by Shaffer and Serlin (2004)
that employing designs featuring non-random sampling can add important depth to edu-
cational research even when generalizability is limited. Given these qualifications, we
contend that the results of our study make an important contribution to a growing
body of literature (e.g. Barab et al., 2007; Bulte et al., 2006; Dawson & Venville, 2013;
Dori et al., 2003; Klosterman & Sadler, 2010; Venville & Dawson, 2010) that provides
empirical evidence for the use of SSI-based instruction to support student learning of
science content knowledge.

SSlI-based instruction to foster science content knowledge

Although researchers have presented many conceptual and theoretical justifications about
the integration of SSI into science classrooms to increase students’ science content knowl-
edge (Sadler, 2011a; Zeidler, 2003), empirical investigations of the effects of SSI-based
teaching on students’ science content learning have been relatively limited. Investigations
of the effects of SSI-based instruction for supporting student learning have been criticized
on the basis of using research designs that do not account for learners’ prior knowledge
(Bulte et al., 2006; Zohar & Nemet, 2002). This has led to questions regarding the evidence
base for using SSI-based teaching as a strategy for teaching science concepts effectively.

Results from our study show that students experiencing the SSI intervention demon-
strated statistically significant gains in content understandings as measured by both prox-
imal and distal assessments. Venville and Dawson (2010) provide similar conclusions
from a quasi-experimental study of students’ learning in the context SSI-based instruction.
The Venville and Dawson study and our own investigation share similar constraints: the
investigations involve a limited number of classes, and each investigates a particular SSI
unit. However, the accumulation of evidence across multiple studies helps to build an
empirical case for the efficacy of SSI approaches. Our study and the Venville and
Dawson (2010) investigation offer evidence from independently developed SSI-based
learning experiences. Common elements include framing instruction around a compelling
issue and explicitly featuring the issue at the outset of instruction; focusing on student
learning of core disciplinary ideas; challenging students to collect and/or analyze data
related to the issue; and providing opportunities for learners to negotiate social dimen-
sions of the issue featured. Combined, these two studies provide compelling evidence
that SSI-based instruction, particularly with respect to interventions designed around gen-
etics-oriented SSI, can support significant science content learning.

Multi-level assessment of science content knowledge

The other important contribution of this study corresponds to the second research ques-
tion, which is based on the multi-level assessment framework employed in the study.
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Conceptualizing and implementing assessments at variable distances from curricular
interventions can provide useful insights into the effects of interventions that would not
be detectable with approaches that adopt more simplistic perspectives on assessment
(Ruiz-Primo et al., 2002). For example, in a recent study of a technology-based science
intervention, Sadler et al. detected differential impacts of a game-based SSI intervention
for students with varying academic levels (Sadler, Romine, Stuart, & Merle-Johnson,
2013). In this study, a research design relying on a single assessment would have obscured
interesting and practically significant inter-relationships between student ability levels and
the effectiveness of the technology-based learning tools designed to support science learn-
ing. Over the past few years, science education researchers have begun to feature multi-
level assessment within research designs of empirical studies (e.g. Houle & Barnett,
2008; Nordine, Krajcik, & Fortus, 2011; Romine, Miller, Knese, & Folk, in Press; Zuiker
& Whitaker, 2014); however, only a few studies focusing on SSI-based interventions
have adopted the approach. In the first application of multi-level assessment in the
context of SSI research, Barab et al. (2007) documented statistically significant gains on
a proximal assessment of student’s science understandings in the context of a technol-
ogy-enhanced SSI learning experience. However, there were no significant changes in
student performance on a distal assessment. This result suggested that students learned
significant science content directly aligned with the SSI intervention, but that this learning
did not impact student performance on a more distanced instrument that assessed more
generalized science ideas removed from the immediate context of instruction. Klosterman
and Sadler (2010) employed a multi-level assessment design in the study of an SSI unit
related to climate change. They documented statistically significant gains in student
understandings on both proximal and distal assessments, although, the effect sizes for
the distal assessment were modest (D = .41 and .49 for two different samples).

In the current study, we have documented statistically significant gains in student per-
formance on proximal and distal assessments. The gains on the proximal assessment were
quite large from an effect size perspective as measured in standard deviations (D = 1.22).
We expect to see evidence of student learning on the proximal assessment because it is
directly aligned with the learning experiences in the intervention. The average implemen-
tation duration for the SSI unit was 14 hours; we expect that learners will develop new
understandings given the fact that they and their teachers spent approximately 3 weeks
of classroom time on the unit, although an increase of 1.22 standard deviations - equiv-
alent to moving a student from the 50th percentile to the 88th percentile - is large even
considering the duration of instruction.

As expected for a test tied more closely to the curriculum, the language and examples
used on the proximal instrument were familiar to the SSI students, whereas, this was not
the case for the distal instrument. For example, the SSI intervention focused on real-time
PCR and the assessment instrument provided opportunities to interpret real-time PCR
data in a question that called for the application of a genetics idea. In contrast to the prox-
imal assessment, the goal of the distal assessment was to measure students’ understandings
of scientific formalisms that underlie ideas explored within the instructional units. These
formalisms are identified within the state standards for which the intervention was
designed to address. Student understanding of these formalisms were assessed through
a series of items derived from standardized achievement tests and therefore did not
draw from specific language, examples or contexts that the students might have
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experienced in the curriculum. The distal exam is not as far removed from the curriculum
as an assessment such as an end-of-course (EOC) exam or a national or international
achievement test. EOCs and achievement tests will cover a wide range of science standards
that span content that is much broader than can be addressed and explored in a single
unit. However, distal exams of the sort employed in this study, that focus on a limited
range of content and use representations of the content not aligned with instructional con-
texts, can serve as valid proxies for high-stakes tests such as EOCs and achievement tests
(Barab et al., 2009).

The effect size for gains on the distal exam were moderate (D =.66) (Cohen, 1988,
1992). The fact that the distal effect size was approximately half the proximal effect size
is consistent with what one would expect from multi-level assessment. Our research
team interprets this effect size — equivalent to moving a student from the 50th percentile
to the 75th percentile — as important and substantial given the context of our analyses. We
see this as evidence that SSI-based instruction can support student learning of science con-
cepts such that student understandings of those concepts are sophisticated enough to
transfer that knowledge from the immediate context of their learning experiences to
abstracted assessment contexts. Given the push for accountability and the reliance on
achievement tests as the most important (or at least the most widely used) metric of
student learning (Anderson, 2012) and, in some cases, teacher performance (Papay,
2011), the evidence provided in this study is important for establishing an empirical
rationale for employing SSI-based instruction in formal science education contexts.

The data and analyses presented in this study support the assertion that SSI-based
teaching can foster student learning of science content and that these gains can lead to
improved performance on high-stakes tests. By definition, SSI-based instruction focuses
on both a specific issue and its related science content; therefore, it would be unrealistic
to expect that a single unit would change student performance on high-stakes exams
that cover a wide range of disciplinary content in ways that would be detectable.
However, by using a proxy that restricts the range of content covered, we gain some
insights into the potential of SSI-based instruction in helping students meet selected
state and national standards.

Conclusion

Given positive findings from studies of integrating SSI within a variety of contexts, the evi-
dence presented in this study offers additional support for the use of SSI as a curricular
vehicle for students’ learning of important science content. This study supports the pos-
ition that integration of SSI is a way to help our classrooms meet state and national
accountability measures while making science relevant and interesting for students.
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