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Background/Objective: This pilot evaluated whether SEL-informed emotional-support language could be embedded in an
online biology inquiry lesson and whether participation, survey, and written-response procedures were feasible.
Methods: Students completed two non-equivalent Edpuzzle lessons: Lesson A explored urbanization and its impact on nonhu-
man populations, and Lesson B explored cancer risk and animal models, which included six planned episodes of SEL-informed
emotional-support language. Retrospective feasibility criteria summarized participation and data collection. The author and an
independent second coder classified 182 de-identified written responses with a four-category rubric and resolved disagreements
by consensus.
Results: Eleven students were active in Lesson B; seven completed it (63.6%), and six completed its survey (54.5% of active
students). Four of seven students active in both lessons produced matched surveys (57.1%). Before adjudication, coders agreed
on 127/182 responses (69.8%); unweighted Cohen’s κ was 0.499 (bootstrap 95% CI 0.397–0.598). After adjudication, 70/77
Lesson B responses (90.9%) were Developed or Brief. No lesson-stopping technological issues were reported, and all six planned
episodes were delivered.
Conclusion: Parent or guardian permission, student assent, Lesson B activation, technical delivery, SEL-informed emotional-
support language delivery, and written-response usability met the post hoc criteria. Lesson completion, survey return, and
cross-lesson matching did not. Recruitment coverage, direct acceptability, and receipt of the SEL-informed emotional-support
language were not assessed. Because there were differences in the two lessons and only four surveys matched, this study
does not provide evidence that the SEL-informed emotional-support language improved emotions, engagement, persistence, or
scientific inquiry reasoning.

Keywords: inquiry-based learning; emotional scaffolding; metastrategic knowledge; biology education; scientific inquiry
reasoning.

Introduction

Science instruction in which students build explanations for
phenomena places them in a difficult position. In biology
classrooms, this includes creating models, utilizing evidence,
and revising models. However, it is difficult, as students must
work with partial ideas before they know whether those ideas
are correct. These practices are central to science learning;
however, research has cautioned against equating inquiry with
minimally guided discovery. Kirschner, Sweller, and Clark
argued that unguided or minimally guided instruction is gen-
erally less effective and less efficient than strongly guided in-
struction, especially for learners who do not yet have sufficient
prior knowledge to provide their own internal guidance1.

Hmelo-Silver, Duncan, and Chinn added that problem-
based and inquiry learning use extensive scaffolding to re-
duce cognitive load and support learning in complex domains,
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and thus should not be equated with unguided instruction2.
A meta-analysis of 72 studies found positive overall effects
of guidance on inquiry activities and learning outcomes3.
Recent secondary science research supports this conditional
view: students engaged in guided inquiry might enjoy the ac-
tivity but still need help with hypothesis formation, observa-
tion recording, and evaluating hypotheses against evidence4;
equipment scaffolding was associated with greater student in-
terest and effort in secondary science inquiry5; and struc-
tured inquiry has positive, but frequent open inquiry has neg-
ative, associations with scientific and mathematical literacy6.
Guided inquiry is thus defined by support that also preserves
students’ opportunity to reason with uncertainty. Observa-
tional research in technology-scaffolded collaborative inquiry
also found that teachers provided both instructional guidance
and socio-emotional support, although such support was un-
even across groups7.

Inquiry support may be distributed across peers and digi-
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tal tools. Peer assessment has been found to support the re-
vision of collaborative products and scientific conclusions8,
and technology-supported collaborative inquiry has been as-
sociated with improved scientific literacy skills9. In optics,
metacognitive prompts embedded in guided inquiry improved
integrated science-process skills relative to guided inquiry
alone10, yet video modeling improved Grade 9 inquiry per-
formance, whereas adding metacognitive prompts produced
no additional benefit11. These findings illustrate the variety of
sources through which inquiry can be supported. They also
suggest that adding scaffolding does not consistently improve
student outcomes across contexts.

For purposes of this study, explicit inquiry refers to instruc-
tional designs in which scientific practices are identified and
explained, and students are asked to reflect on their strategic
use of those practices. White and Frederiksen demonstrated
that science inquiry, modeling, and metacognitive reflection
can facilitate learning gains for students when they evaluate
the quality of their own thinking12. More specifically, Ben-
David and Zohar demonstrated that metastrategic knowledge
facilitates students’ understanding of what a strategy is, why
it is useful, and when it is applicable13.

A computer-based revision model helped students with
fragmented ideas produce more integrated science explana-
tions14; scripted peer-feedback prompts produced more fo-
cused and actionable feedback and improved inquiry out-
puts15; and an authentic-inquiry case study illustrated in-
quiry as flexible, creative, provisional, collaborative, and tool-
mediated16. Collectively, these findings indicate that provid-
ing explicit guidance on reflecting and revising student work
will facilitate awareness of otherwise implicit inquiry pro-
cesses.

These approaches align with what Vygotsky described as
the Zone of Proximal Development (ZPD): the distance be-
tween what a student can accomplish on their own and what
they can accomplish with adult guidance or collaborative as-
sistance from more skilled peers17. They also align with
later design frameworks that expanded on this body of work,
as scaffolding in software aimed at supporting inquiry can
target specific difficulties in scientific practice18,19. Conse-
quently, online inquiry environments have incorporated mis-
conception prompts and predict-observe-explain-evaluate or
self-regulatory scaffolds20,21, instructional guidance22, dia-
logic scaffolding23, and think-alouds24, with effects varying
across outcomes and instructional conditions. In the current
pilot, Edpuzzle served as the digital mechanism for delivering
such prompts and collecting student responses. The Edpuzzle
pauses required written answers from students. Thus, the stu-
dents’ scientific inquiry reasoning became a visible classroom
artifact.

Inquiry scaffolding addresses more than just the cognitive
demands of scientific reasoning. The uncertainty involved

in revising models also produces emotional demands on stu-
dents. Pekrun’s control-value theory of achievement emotions
posits that academic emotions are shaped by students’ percep-
tions of control and task value25. Lower perceived control
over valued tasks can lead to negative emotions, which can
then undermine performance. Normalizing uncertainty and
permitting revision were implemented in this research to sup-
port perceived control by giving students a clear course of ac-
tion when they felt uncertain. Additionally, by framing their
initial ideas as provisional, the design hoped to minimize the
effects of evaluative threats and encourage students’ partici-
pation in the inquiry. These were proposed mechanisms only,
as receipt of the SEL-informed emotional-support language,
perceived threat, and persistence were not directly measured.

Research on social and emotional learning (SEL) pro-
vides additional context to the current study. Teachers in
technology-scaffolded collaborative inquiry provided more
guidance to groups they perceived as motivated and willing
to collaborate, while socio-emotional support was minimal
despite the challenging learning environment7. This pattern
provides a rationale for examining SEL-informed emotional-
support language within inquiry environments. Durlak et
al. conducted a meta-analysis of 213 universal school-based
social-emotional learning programs and found that, com-
pared with controls, participating students showed significant
improvements in social-emotional skills, attitudes, behavior,
and academic performance26. RULER illustrates a systemic,
theory-based approach that integrates social-emotional learn-
ing across a school’s curriculum, policies, and family and
community contexts27. The present study did not imple-
ment a full SEL curriculum; instead, these frameworks in-
formed the use of SEL-informed emotional-support language
in the lesson. Rosiek defined emotional scaffolding as teach-
ers’ use of pedagogical representations intended to influence
students’ emotional responses to subject matter28. Belland,
Kim, and Hannafin proposed a similar framework for design-
ing scaffolds that address both motivational and cognitive out-
comes29. Collectively, the above references served as a foun-
dation for the language used in the lesson, helping minimize
the effects of evaluative threats, normalize the practice of re-
vising, and maintain focus on the inquiry task. Emotional
scaffolding, therefore, offered a more specific rationale for
brief supportive language in the inquiry lesson than did the
broader SEL program alone.

More recent empirical research provides additional con-
text for examining emotion alongside instructional support.
Studies have associated achievement-emotion profiles with
perceived instructional quality and mathematics achieve-
ment30,31; control-value appraisals with domain- and lesson-
level emotions32; momentary emotions with later learn-
ing outcomes33; teacher support with self-efficacy through
achievement goals and academic emotions34; and grades with
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achievement emotions in reciprocal within-person relations35.
Taken together, these studies indicate associations among stu-
dents’ emotional experiences, instructional support, and aca-
demic outcomes, although these relationships may be recip-
rocal and context dependent. Recent work developed a brief
ten-emotion instrument for secondary students36 and reported
mixed reciprocal relations between need-supportive teaching
and student and teacher emotions37. A cross-sectional study
associated teacher support with student engagement through
self-efficacy and resilience, with positive academic emotions
moderating part of the modeled relationship38. These stud-
ies support examining emotional experience alongside instruc-
tional support while also explaining why small descriptive
measures should not be viewed as direct measures of inter-
vention effects.

Limited research has examined the feasibility of embedding
brief SEL-informed emotional-support language in an online
secondary biology inquiry lesson while simultaneously col-
lecting participation, survey, and written-response data. Open-
SciEd was the curricular source for all lesson adaptations.
OpenSciEd is an open-source organization focused on devel-
oping materials that promote phenomena-based science learn-
ing39. The Next Generation Science Standards emphasize sci-
ence and engineering practices, disciplinary core ideas, and
cross-cutting concepts40. New York’s P-12 Science Learn-
ing Standards are aligned with this standards framework41.
Therefore, OpenSciEd is a practical method for adapting
inquiry-based biology lessons into online instructional mate-
rials that are standardized.

Because the two lessons differed in content, emotional sen-
sitivity, reading and graph demands, prompt structure, and bi-
ological complexity, the pilot was framed descriptively and
did not treat Lesson A as a control or baseline for Lesson B.
Only four students completed both lesson surveys with exact
cross-lesson matches.

The pilot addressed three feasibility questions for SEL-
informed emotional-support language in online inquiry-based
biology:

1) Can SEL-informed emotional-support language be incor-
porated into an online inquiry-based biology lesson while
maintaining visibility of the inquiry process?

2) Can Edpuzzle records, post-lesson surveys, and written
artifacts provide usable data on participation, affective
indicators, and scientific inquiry reasoning?

3) What evidence of scientific inquiry reasoning was visi-
ble in written responses generated during the lesson with
SEL-informed emotional-support language?

Methods

Design

This study uses a descriptive feasibility-pilot design. Lesson A
explored the influence of urbanization on nonhuman popula-
tions, whereas Lesson B examined how cancer risk is assessed
through the use of animal models. Lesson B also included
SEL-informed emotional-support language in the script. The
lessons differed in topic, emotional sensitivity, reading load,
graph interpretation, number and type of prompts, and biolog-
ical complexity.

Each student generated a unique pseudonymous code for
linking the two lessons. The participant-generated pseudony-
mous codes resulted in only partial matches. Lesson A could
not be treated as a baseline or pre-intervention condition for
estimating the effect of Lesson B.

Lesson-specific values are presented only to describe imple-
mentation and data availability. The lessons cannot be com-
pared, and observed differences cannot be attributed to SEL-
informed emotional-support language because the lessons
were non-equivalent and the matched sample was very small.

As the SEL-informed emotional-support language was de-
livered in Lesson B, this was the primary implementation of
interest. The retrospective criteria for activation, completion,
survey return, SEL-informed emotional-support-language de-
livery, and written-response usability were applied when eval-
uating Lesson B. Lesson A was documented descriptively but
was not considered as a control or baseline condition when
evaluating the two lessons.

Participants

Participants were a convenience group of students enrolled
in IB Biology HL and IB Biology SL, approximately 15–17
years old, from multiple class sections. The invitation was
not sent to every student who may have been eligible based
on broad grade level. Consequently, the proportion of the full
eligible school population recruited cannot be calculated. Fif-
teen students were invited to this pilot; all 15 received parent
or guardian permission and provided affirmative student as-
sent. Participation in both lessons and the research was vol-
untary. Students had not previously used OpenSciEd Biology
materials.

After eliminating one invalid entry from both lessons that
did not belong to a student, there were fifteen valid entries re-
maining within the cleaned Edpuzzle export files. Nine stu-
dents were active in Lesson A, and 11 were active in Les-
son B. Seven were active in both lessons; five fully com-
pleted both lessons; five reached at least 90% progress in
both; and six submitted written responses in both. Seven stu-
dents completed the Lesson A survey, six completed the Les-
son B survey, and four completed both surveys. Separate re-
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ports are provided for these differing denominators because
participation, completion rates, survey response rates, and re-
sponse contributions were not equivalent categories. An ‘ac-
tive’ record indicated that Edpuzzle recorded a student open-
ing and interacting with the lesson. ‘Full completion’ means
that Edpuzzle designated the assigned lesson as complete. ‘At
least 90% progress’ was defined as a platform progress value
of 90% or greater. These categories were used only to describe
the availability of data; they were therefore not interpreted
as measures of student engagement. Thirteen students con-
tributed at least one of the 182 written responses. Two valid
pseudonymous participants contributed zero responses. Paired
participation and survey completion numbers are recorded in
Table 1.

Table 1 Paired participation and survey completion

Paired participation category n

Appeared in cleaned Edpuzzle exports 15
Active in Lesson A 9
Active in Lesson B 11
Active in both lessons 7
Fully completed Lesson A 8
Fully completed Lesson B 7
Fully completed both lessons 5
Reached at least 90% progress in both lessons 5
Submitted written responses in both lessons 6
Completed Lesson A survey 7
Completed Lesson B survey 6
Completed both surveys 4

Materials

Lesson A involved introducing students to the effects that ur-
banization has on nonhuman species. During the first part of
Lesson A, the students observed and documented data as well
as formulated questions. After viewing a case study on urban
versus nonurban juncos, the students modified their model.
This format allowed students to see the inquiry cycle at work,
yet no explicit guidance on regulating affect was presented in
this lesson.

Lesson B focused on using animal studies to investigate the
risks of developing cancer. Students analyzed graphs related
to cancer. They also examined trends related to cancer preva-
lence based upon age and height. Additionally, the students
studied why researchers use animal studies when attempting
to understand cancer. Finally, after studying the frequency of
cancer among animals, the students constructed a model that
explained which groups develop cancer and why. Since Les-
son B dealt with an emotion-sensitive topic, the voice-over

script for Lesson B contained specific phrases that were in-
tended to provide emotional support to help minimize possible
discomfort experienced by students while exploring informa-
tion about cancer.

The original content for each of these decks was reduced
and modified to allow them to be used in an online environ-
ment. The Urbanization Deck was adapted into a total of 19
slides from its original total of 29 slides. The Cancer Deck
was similarly reduced to a total of 20 slides from its original
total of 27 slides. Both decks used the same general inquiry-
based structure, but the Cancer Deck provided SEL-informed
emotional-support language to help manage emotions while
students explored information about cancer.

Lesson B included six planned episodes of SEL-informed
emotional-support language designed to occur across five
slides. There were two episodes of SEL-informed emotional-
support language on Slide 5 and one episode each on slides
1, 8, 9, and 10. Episodes occurred during the introduction to
the topic, construction of claims, development of initial mod-
els, assessment of initial models, and final assessment. Topics
included acknowledgment of the emotional burden of cancer;
recognition that difficulties and uncertainties will be encoun-
tered; framing initial claims as hypothetical; providing lan-
guage for making tentative claims; redirecting uncertainty to-
ward the pursuit of evidence; and acknowledgment of persis-
tence. All six scripted episodes were verified retrospectively
to be read aloud in the lesson videos. Table 2 documents the
exact episodes of SEL-informed emotional-support language
and their placement, defined by the slide on which each was
spoken in the prerecorded video.

Procedure

Students were invited before lesson access. Parent or guardian
permission and affirmative student assent were collected
through Google Forms. Participation was voluntary. It did not
affect grades and did not restrict access to required instruc-
tion. Students generated pseudonymous codes themselves for
cross-lesson matching. Access to both lessons was followed
by their post-lesson surveys, which included a timing item
asking whether at least 24 hours had passed since the prior
video lesson. The researcher distributed prerecorded Edpuz-
zle materials and forms. Participants’ teachers did not conduct
any part of this study.

After lesson delivery, Edpuzzle records were exported and
cleaned. For all participant-generated coding, normalization
procedures were applied to both capitalization and spacing so
that only exact matches were compared. Written responses
were extracted, and the author assigned one holistic category
to each retained response. A randomized packet from which
explicit lesson labels, original question numbers, participant
codes or identities, and author ratings had been removed was
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Table 2 Exact episodes of SEL-informed emotional-support language in Lesson B and retrospective delivery check

Episode and location Exact spoken SEL-informed emotional-support
language

Primary move, intended function, and theoretical
basis

Slide 1, after the lesson
introduction

Talking about cancer can feel heavy because many of
us know someone who’s been affected. It’s okay if
this brings up feelings. If at any time you experience
feelings of being overwhelmed, or if you need to
pause, it’s perfectly fine to stop momentarily, take a
deep breath, and refocus. Emotional responses such
as these can occur when conducting actual science on
real-world issues as real scientists.

Labeling an affect; normalizing a difficult
experience; providing an action-oriented way to
regulate an emotion. Informed by emotional
scaffolding, control-value theory, and SEL
emotion-recognition/self-management
principles.

Slide 5, before
Claim-Evidence-Question
directions

Sometimes it’s hard to turn patterns in data into clear
claims and questions. That’s completely normal —
even for scientists. We’re going to use
Claim-Evidence-Question structure as a tool to help.
Your first try does not have to be perfect.

Identifying an area of difficulty; providing
structure; allowing for revisions.

Slide 5, after
Claim-Evidence-Question
directions

If you feel unsure or worried about ‘getting it wrong,’
try this strategy: Start your sentences with ‘It seems
like...’ or ‘One possible claim is...’ That reminds your
brain that this is only a first draft of your thinking.

Provisional language; control support. Provides
a concrete response strategy intended to reduce
perfection threat while preserving
evidence-based claim construction.

Slide 8, before
initial-model work

Your model right now is a first draft. Scientists expect
to revise their models as they learn more. Your goal
is just to get your current ideas down on paper so you
can improve them later.

Revision permission; uncertainty normalization.
Frames an incomplete model as expected and
revisable, supporting perceived control during
initial model construction.

Slide 9, during model
monitoring

If you’re not sure what to circle, start with the part of
your model you feel least confident about. That sense
of uncertainty is actually a clue of where you need to
seek out additional evidence. This is a monitoring
strategy: checking where your model is weak.
Scientists do this to decide what to investigate next.

Uncertainty reframing; monitoring;
evidence-seeking support. Reframes uncertainty
from failure into diagnostic information and
gives an actionable next step: identify where
additional evidence is needed.

Slide 10, final reflection If today felt challenging, that actually means you
were using some of the same strategies real
researchers use, such as interpreting messy data,
building and revising models, and sticking with the
problem even when it wasn’t simple. Those strategies
take practice.

Challenge normalization; persistence
affirmation.

then provided to the second independent coder. Exact agree-
ment and κ statistics were calculated before consensus adju-
dication of the 55 disagreements.

Measures

Edpuzzle was employed to ensure uniformity of access to
each lesson and to record lesson participation, progress, and
response activity. These records documented time spent on
lessons, progress toward completion, and responses to specific
questions posed in each lesson.

Students responded to an immediate post-lesson survey
measuring effort, achievement emotions, task clarity, and per-
ceived emotional support. The effort items were based on the

Effort/Importance component of the Intrinsic Motivation In-
ventory (IMI), which had previously been assessed for psy-
chometric properties42. The survey-based indicators measur-
ing achievement emotions used the AEQ-S wording for irri-
tation, confidence, boredom, shame, and enjoyment and were
adapted from the AEQ-S43. As adapted single indicators were
used instead of entire validated scales, they were viewed as
exploratory descriptive indicators rather than emotion scale
scores.

Two 1-to-7 task clarity ratings were used. One task-clarity
rating was based on the Learning Climate Questionnaire
(LCQ)44, and one task-clarity rating was developed specifi-
cally for inquiry clarity. Two additional LCQ items were av-
eraged as a descriptive measure of perceived emotional sup-
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port44. The pilot composite did not assess receipt of the SEL-
informed emotional-support language, nor did it reproduce the
original LCQ construct. Supplementary Table S1 contains the
exact wording and scoring, including reverse scoring the low-
energy item as 8 minus the original response.

Due to the small size of the pilot sample, discrete emotions
were not analyzed separately. Irritation, boredom, and shame
were averaged as a descriptive negative affect composite; con-
fidence and enjoyment were averaged as a descriptive positive
affect composite. The composites descriptively summarize
individual survey responses and do not represent classroom-
level processes. Therefore, future research should validate
the modified items and analyze discrete emotions individu-
ally. Also, the low-energy item could reflect student fatigue
or activation.

Formal coding of written artifacts

Each of the 182 retained responses was coded into one mutu-
ally exclusive category. The author-developed rubric assessed
both biology content evidence (e.g., conceptual representa-
tion, mechanism, model quality, etc.) and inquiry process-
related evidence (e.g., whether the participant used modeling,
revision, prediction, and data use as strategic scientific prac-
tices). Developed responses connected data or evidence to a
claim or explanation, described a meaningful biological mech-
anism, or explained why and how an inquiry strategy was
used. Off-task responses did not contain any substantive re-
sponse to the prompt. Brief responses contained a relevant
and interpretable claim, pattern, factor, strategy, prediction, or
revision but little explanation, evidence, mechanism, or scien-
tific purpose. Minimal responses contained relevant content
but were too fragmented or vague for meaningful interpreta-
tion. The author, acting as the first coder, classified all 182 re-
sponses. Then the second coder received a packet with the re-
sponse order randomized, with the prompt text but not lesson
labels, original question numbers, participant codes, partici-
pant identities, or author-side categories. Complete masking
of lesson origin was impossible as topic words such as urban-
ization and cancer had to be included to interpret responses.
Supplementary Appendices S1–S8 provide the full codebook,
borderline rules, prompt-specific worked examples, coding
documentation, agreement matrices, and counts by prompt
and randomized participant identifier. Table 3 summarizes
the full artifact coding rubric. Table 4 provides a summary
of the final adjudicated response coding using response-level
denominators.

Data Analysis

As the focus of this analysis was feasibility, no lesson-specific
effect estimates were generated for participation, completion

of tasks, survey results, or written response quality. Summary
statistics for each method were only calculated in order to de-
termine if there were usable data generated.

Lesson duration did not serve as a direct measure of student
engagement or lesson difficulty due to potential variance in
reading speed, interruptions, or inactive browser time.

Descriptive summary statistics (means and standard devi-
ations) were provided for the full sample composite scores.
There were seven survey responses for Lesson A and six for
Lesson B. As only four surveys matched across lessons, no in-
ferential statistical analyses were performed. Agreement and
unweighted Cohen’s κ were determined prior to adjudication.
Linear- and quadratic-weighted κ values were listed as supple-
mental statistics as the four response categories can be viewed
as ordered. Confidence intervals were derived from 20,000
non-parametric bootstrap samples. The two coders collec-
tively reviewed all disagreements using the previously estab-
lished definitions to agree upon a consensus rating that fell
into one of the four categories and retained both original rat-
ings. Therefore, only the adjudicated categories for each item
were included when reporting descriptive frequencies. Pooled
response proportions were not utilized as either a student-level
metric or as a measure of lesson effectiveness.

The feasibility criteria were developed retrospectively af-
ter data collection; they were neither prespecified nor in-
tended as validated efficacy cutoffs. Instead, they served as
operational benchmarks for identifying procedures that ap-
peared workable and procedures requiring modification. A
70% benchmark was used for activation, completion, survey
return, cross-lesson matching, and acceptability as a practi-
cal majority-uptake signal. A benchmark of 80% was estab-
lished for permission, student assent, and interpretable writ-
ten responses. These are the domains that needed a higher
benchmark for ethicality and usable data. Technical deliv-
ery of the lesson required no reported lesson-stopping issues.
The benchmark for the delivery of SEL-informed emotional-
support language was at least 90% of the planned episodes
narrated. However, meeting a benchmark is merely an indica-
tor of feasibility within this study only.

Table 5 below summarizes the retrospective feasibility cri-
teria and observed values.

Ethics

The principal, vice-principal, and school psychologist re-
viewed the proposed study, including the ethics and proce-
dural considerations, before the research was conducted. A
science-teacher advisor provided oversight. This school re-
view was separate from institutional ethics review.

There was no institutional IRB approval or exemption prior
to the start of this study. Parent or guardian permission and
affirmative student assent were obtained via Google Forms
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Table 3 Artifact coding rubric
Artifact level Definition Biology content evidence Inquiry process evidence
Developed Connects evidence to an

explanation or explains revision
Mechanism, evidence, or
conceptual accuracy is visible

Explains the purpose of modeling,
revision, or evidence use

Brief Names an idea or strategy with
limited explanation

Some relevant content is present Strategy is named, with limited
purpose explanation

Minimal Too vague for deep interpretation Fragmentary or unsupported
content

Little process reasoning is visible

Off-task Response is not relevant to the
prompt

No usable biology evidence No usable inquiry process
evidence

Table 4 Summary of Final Adjudicated Response Coding Using Response-Level Denominators
Artifact level Lesson A final count Lesson A

response-level %
Lesson B final count Lesson B

response-level %
Developed 54 51.4% 25 32.5%
Brief 45 42.9% 45 58.4%
Minimal 4 3.8% 2 2.6%
Off-task 2 1.9% 5 6.5%
Total written responses coded 105 100% 77 100%

prior to participation. Participation in this study was com-
pletely voluntary; it would have no effect on a participant’s
grade(s), nor would it limit any participant from receiving
the instruction. The researcher was not the students’ class-
room teacher, and the researcher and students only interacted
via pre-recorded Edpuzzle materials. The participants gener-
ated their own pseudonymous codes for cross-lesson match-
ing. The codes incorporated indirect information from a pro-
tected code-generation recipe and thus were not described as
fully anonymous. No names or other direct identifiers were
collected. The researcher handled the original codes only for
normalization and exact matching. There was no name-to-
code lookup key. Randomized response and participant IDs
replaced them in coding and reporting files. The independent
coder received no participant codes or identities, and random-
ized reporting IDs could not be used as a lookup for names.
Because all participants were minors and Lesson B addressed
cancer, the researchers included a statement in the script ac-
knowledging that some students might experience discomfort.
Researchers did not make any determinations regarding the
psychological or emotional state of the individual participants
based upon observations obtained in the study. Larger-scale
studies in the future should obtain prospective institutional
ethics review and formalize the study procedures.

Results

Feasibility outcomes

As presented in Table 5, parent or guardian permission and
affirmative student assent were collected for all fifteen in-
vited students, and eleven of them were active in Lesson

B. No lesson-stopping technical failures were reported. All
six planned episodes of SEL-informed emotional-support lan-
guage were delivered in the final Lesson B narration based on
a retrospective investigator check.

Lesson B completion (7/11, 63.6%), Lesson B survey return
(6/11, 54.5%), and survey matching among active students in
both lessons (4/7, 57.1%) fell below the retrospective 70% tar-
gets.

The final adjudicated distribution classified 70/77 Lesson B
responses (90.9%) as Developed or Brief, meeting the retro-
spective 80% written-response-usability target.

Coverage of the broader eligible school population, direct
student acceptability, and student receipt of the SEL-informed
emotional-support language were not assessed.

Behavioral participation records

Nine students were active in Lesson A; eight completed the
lesson and eight reached at least 90% progress. Eleven stu-
dents were active in Lesson B; seven completed the lesson
and eight reached at least 90% progress. Mean recorded time
among records containing answered questions was 7.11 min-
utes for Lesson A and 12.30 minutes for Lesson B. Recorded
time is descriptive only and may reflect students’ reading
speed, interruptions, inactive browser time, topic, prompt
structure, and the lessons’ burden rather than engagement or
difficulty. Table 6 summarizes the specific lesson participation
and progress rates.

These platform records indicated that Edpuzzle collected
usable data on students’ participation and progress through
each lesson. However, these data do not demonstrate an en-
gagement effect. Shortcomings in student participation in-
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Table 5 Retrospective feasibility criteria and observed values
Domain Retrospective target Observed value Interpretation
Coverage of the whole
eligible population

At least 70% of an enumerated
eligible pool invited

Not calculable; the full grade-level
eligible pool was not enumerated

Not assessed

Parent or guardian
permission

At least 80% of invited students 15/15 (100%) Met

Affirmative student assent At least 80% of invited students 15/15 (100%) Met

Lesson B activation At least 70% of assented students
begin the lesson

11/15 (73.3%) Met

Lesson B completion At least 70% of active students
fully complete the lesson

7/11 (63.6%) Not met

Lesson B survey completion At least 70% of active students
submit the survey

6/11 (54.5%) Not met

Cross-lesson survey
matching

At least 70% of students active in
both lessons produce matched
surveys

4/7 (57.1%) Not met

Written-response usability At least 80% of Lesson B
responses are developed or brief

70/77 (90.9%), based on final
adjudicated coding

Met

Technical delivery Zero lesson-stopping technical
failures

0 reported failures Met

Script-delivery fidelity At least 90% of planned episodes
of SEL-informed
emotional-support language
delivered in the final narration

6/6 planned episodes delivered
(100%)

Met retrospectively

Direct student acceptability At least 70% positive responses on
a direct acceptability item

No direct acceptability item was
administered

Not assessed

Table 6 Lesson participation and progress
Measure Lesson A Lesson B
Active students 9 11

Full completions 8 7

Completion rate among active
students

88.9% 63.6%

Students reaching at least 90%
progress

8 8

Mean total lesson time among
students with answered
questions

7.11 min 12.30 min

cluded the Lesson B completion rate, survey return rates, and
cross-lesson matching. In future implementations, the burden
associated with Lesson B could be reduced, and both tech-
nological issues and nontechnological reasons for terminating
the lesson early could be documented. The survey could also
be directly incorporated into the lesson sequence.

Survey descriptives

Table 7 presents the full-sample and matched-subset survey
descriptives.

Lesson A written responses described urbanization and

nonhuman populations. Developed responses described food
supply, shelter, human interaction, and habitats. Prompts in
later modeled revisions also addressed adaptive behaviors, de-
creased fear of humans, changes in food supplies, and changes
in survival pressures.

Lesson B responses addressed reasoning about biological
mechanisms related to cancer risk. In developed responses,
students related cancer to the cumulative effect of mutations
that increase with age. They also attributed the incidence of
cancer to environmental exposures, genetics, the presence of
protective genes (such as p53), and protection mechanisms in
large animals. Later prompts, after new evidence was pre-
sented, included more conditional explanations.

Strategy-reflection responses provided descriptive evidence
of metastrategic explanations. Some responses named predic-
tion and modeling as tools for deciding what to examine, and
some explained revision and evidence use as ways to improve
an explanation. These characteristics were visible in the arti-
facts but were not separately coded variables.

Brief and Minimal responses contained less explanation.
Some named a strategy without explaining its scientific
purpose, and some provided little interpretable biology or
inquiry-process evidence. Off-task responses contained no us-
able response to the prompt. The range demonstrated that on-
line prompts could be used to generate both analyzable and
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Table 7 Survey descriptives
Panel A. Full-sample descriptives (Lesson A n = 7; Lesson B n = 6)
Composite Lesson A M Lesson A SD Lesson B M Lesson B SD
Effort 4.71 1.33 5.06 0.57
Negative affect 1.76 1.01 2.00 0.92
Positive affect 3.79 1.15 3.67 0.75
Task clarity 5.71 1.58 5.67 0.98
Emotional support 5.29 2.27 5.17 2.32

Panel B. Matched subset (n = 4)
Composite Matched Lesson A M Matched Lesson B M
Effort 4.67 5.33
Negative affect 2.00 1.92
Positive affect 3.50 3.75
Task clarity 4.88 5.50
Emotional support 4.75 4.50

Note. Panel A reports full-sample descriptive values for Lesson A (n = 7) and Lesson B (n = 6). Panel B reports the exact matched subset (n = 4). The matched
values are highly unstable, descriptive only, and are not inferential tests or effect estimates. Effort, task clarity, and emotional support used 1-to-7 scales; positive
and negative affect used 1-to-5 scales.

low-information artifacts for the feasibility evaluation.
The pooled category distributions are descriptive. Re-

sponses were nested within participants; prompt structure var-
ied significantly; and each lesson included a varying number
and types of prompts. Lesson A contained 12 open-ended
prompts and 105 student responses, whereas Lesson B had 9
open-ended prompts and 77 student responses. Distribution at
the prompt-level is shown in Supplementary Table S7.

Before adjudication, the coders agreed on 127 of 182 clas-
sifications (69.8%; Wilson 95% CI = [62.8%, 76.0%]). Un-
weighted Cohen’s κ , the primary chance-corrected estimate,
was 0.499 (bootstrap 95% CI = [0.397, 0.598]). Of 55 dis-
agreements, 54 were adjacent-category disagreements: 28 De-
veloped/Brief, 24 Brief/Minimal, and two Minimal/Off-task;
the remaining disagreement was Brief/Off-task. The adju-
dication retained all aspects of the frozen codebook. Final
counts were 54 Developed, 45 Brief, four Minimal, and two
Off-task responses for Lesson A, and 25 Developed, 45 Brief,
two Minimal, and five Off-task responses for Lesson B. These
response-level distributions do not compare lesson efficacy.
Table 8 provides some examples of written artifacts.

Discussion

Implementation feasibility

As stated earlier, the primary intent of this study was to ex-
amine the feasibility of delivering a biology lesson contain-
ing SEL-informed emotional-support language via an online
platform while generating usable data outcomes and written
inquiry artifacts. Overall, the results from this pilot support
a very preliminary feasibility claim. The lesson could be

delivered via Edpuzzle. Analyzable written responses were
generated. The completion, survey-return, and cross-lesson-
matching rates did not meet the retrospective feasibility stan-
dards.

Rather than having a separate social-emotional component,
Lesson B incorporated SEL-informed emotional-support lan-
guage into the inquiry process.

Acknowledging the topic of cancer, the script addressed the
possibility of discomfort and distress. It also gave permission
for students to revise early on, and it defined uncertainty as a
trigger to find additional evidence. This design illustrates the
intended integration.

Data-collection feasibility

The platform produced 182 analyzable written responses. 105
were from Lesson A and 77 from Lesson B. Survey data were
collected; however, neither the number of surveys returned nor
the number of cross-lesson matches met the retrospective stan-
dards. Direct acceptability and student receipt or recognition
of the SEL-informed emotional-support language were not as-
sessed.

Descriptive patterns in the Lesson B artifacts include cancer
risk related to age, cumulative genetic damage, environmental
exposure, inherited traits, protective genes, DNA repair mech-
anisms, making predictions using evidence, and revisions to
existing models. These are not evidence of improvement in
student outcomes.

The formal coding assigned one holistic response-quality
category to each response. This approach showed that the on-
line prompts generated responses ranging from Developed to
Off-task, as it preserved the distinction between disciplinary
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Table 8 Example written artifacts
Lesson Prompt context Artifact type De-identified, lightly edited

excerpt
Interpretation

A Model revision after
the junco case

Model revision Urban juncos are bolder and less
afraid of humans, and urban birds
can access food and space in
cities.

Links evidence from the junco
case to behavioral adaptation.

A Final strategy reflection Strategy reflection Scientists use revising to check
their work and thinking.

Names revision with limited
explanation of scientific purpose.

B Cancer mechanism
model

Mechanism Mutations build up in DNA,
causing cells to grow
uncontrollably when repair
systems fail.

Connects age, mutation, repair,
and uncontrolled cell growth.

B Model revision after
animal cancer evidence

Model revision Large, long-lived animals were
expected to have higher cancer
rates, but evidence from whales
and elephants suggests protective
mechanisms such as p53.

Demonstrates conditional
reasoning after new evidence
changed the initial size- and
age-based expectation.

B Graph noticing prompt Minimal response [color-only response] Provides little interpretable
evidence of biology or scientific
inquiry reasoning.

Note. Supplementary Table S6 provides de-identified worked examples with wording intact except for whitespace normalization. To evaluate interrater agree-
ment, the original response texts were used.

explanation and explanation of scientific practice.
The coding procedure also displayed moderate repro-

ducibility prior to adjudication, as exact agreement was 69.8%
with unweighted Cohen’s κ = 0.499. As 54 out of the 55
disagreements involved adjacent categories, the supplemental
weighted estimates were higher: linear-weighted κ = 0.592
and quadratic-weighted κ = 0.714. This indicated that the
coding framework was preliminarily capable of producing re-
producible classifications. Nevertheless, refinements to the
distinctions between adjacent response quality levels will be
needed prior to large-scale application.

Inability to assess effectiveness

Effectiveness cannot be assessed due to inequivalence in les-
son content; only four respondents’ surveys matched; survey
indicators were modified and descriptive; receipt of the SEL-
informed emotional-support language was not measured; and
no pre/post biology content or inquiry strategy assessment was
administered. Therefore, there is no indication whether the
use of language in Lesson B affected emotions, persistence,
participation, knowledge of biology, or scientific inquiry rea-
soning.

Broader research has shown that caution is warranted when
concluding that additional scaffolding improves student out-
comes based solely on its availability. Related studies docu-
ment needs for guidance in chemistry inquiry, teacher-guided
collaborative science, and online self-regulated inquiry4,7,21.

Other research has shown that the effect depends on both the
type of support and the specific metric being assessed. An ex-
ample is the PISA 2015 data, which showed that frequent use
of open-inquiry activities was associated with lowered liter-
acy. Another study indicated that adding more metacognitive
prompts to video modeling did not yield greater performance
improvement than using video modeling alone11. Essentially,
these findings emphasize the importance of defining each type
of scaffold with regard to its function, timing, and burden.

Limitations

The pilot study has several limitations that affect its interpre-
tation.

First, the sample was very small. Only four students com-
pleted both the post-lesson reflection surveys. These survey
results should be considered descriptive and unstable indica-
tors.

Second, the two lessons provided in this study were not
equal instructional conditions. Lesson A dealt with the im-
pact of urbanization on nonhuman populations, and Lesson
B dealt with cancer risk to animals. Because the topics in-
volved in Lesson A and Lesson B differ in terms of emotional
weight, reading difficulty, demands placed on students to in-
terpret graphs, and biology reasoning complexity, differences
observed between the lessons cannot be attributed to the inclu-
sion/exclusion of SEL-informed emotional-support language.

Third, the survey questions used in this study were adapted
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from existing questionnaires and assessments for use as
classroom-friendly tools. Many of the survey items were
adapted from validated psychometric scales; however, none of
the composites used in this study were used in their entirety.
Instead, all were reduced for immediate post-lesson reflection.
Due to the small sample in this study, the author was unable
to conduct analyses of specific discrete emotions (e.g., confi-
dence, enjoyment, irritation, boredom, shame). Consequently,
the effort, affect, task clarity, and emotional support scores
obtained in this study should be viewed solely as descriptive
classroom data and should not be regarded as validated mea-
sures of student motivation or emotion.

Fourth, the holistic categorization of written artifacts was
another constraint. Although all 182 written responses were
independently categorized by a second coder during revision
of the paper, the unweighted agreement was moderate rather
than strong (κ = 0.499). Most disagreements between coders
were located at Brief/Developed and Minimal/Brief bound-
aries. The quadratic-weighted κ (0.714) was higher because
many disagreements concerned adjacent categories. Because
the unweighted κ is the primary reliability estimate, it should
be used. This illustrates a need to refine the codebook for any
further large-scale pilot replication.

Finally, the study did not include a pre-post content assess-
ment or a pre-post measure of inquiry strategy use. Conse-
quently, this study’s data do not indicate if students increased
their biology knowledge, improved their scientific inquiry rea-
soning, or developed greater metacognitive strategies as a di-
rect result of participating in either lesson.

Future Research Directions

Studies that assess whether participation, affective experi-
ences, or writing products are associated with the inclusion
of SEL-informed emotional-support language in lessons will
require a learning condition in which students have access to
two versions of the same lesson: one with SEL-informed lan-
guage and one without. This is to isolate lesson topics, reading
loads, emotional sensitivity to the subject matter, interpreta-
tion of graphs, and complexity of biological reasoning.

Future studies should also reduce the amount of missing
data. Post-lesson reflection surveys should either be built into
each lesson or completed immediately after each lesson to
minimize missing paired data. Furthermore, larger samples
would enable researchers to explore specific types of achieve-
ment emotions separately instead of grouping them as broad
categories for positive/negative affect composite scores32,36.
Larger samples would also facilitate a more stable compar-
ison across effort, task clarity, perceived emotional support,
and various aspects of scientific inquiry reasoning.

Future studies should compare the same lesson with and
without SEL-informed emotional-support language, while us-

ing the same content, prompts, reading burden, emotional sen-
sitivity, graph-interpretation demands, biological complexity,
and assessment procedures.

They should also assess students’ use of inquiry strate-
gies and their biology knowledge before and after lesson in-
struction, document the fidelity of script delivery, and mea-
sure whether or not participants noticed the SEL-informed
emotional-support language. These additions would allow
a more cautious assessment of SEL-informed emotional-
support language.

The distinctions defined between evidence regarding biol-
ogy content and inquiry processes in this study should also be
preserved.

Conclusion

SEL-informed emotional-support language was embedded in
Lesson B as planned. The pilot generated analyzable partici-
pation and written-response data. Parent or guardian permis-
sion, student assent, activation of Lesson B, technical deliv-
ery, delivery of SEL-informed emotional-support language,
and written-response usability satisfied the post hoc criteria.
The lesson’s completion, survey return rate, and cross-lesson
matching did not. Recruitment coverage, direct acceptability,
and receipt of the SEL-informed emotional-support language
were not assessed. Because the lessons were non-equivalent
and only four surveys were matched, this study provides no
evidence that the SEL-informed emotional-support language
improved emotions, engagement, persistence, biology knowl-
edge, or scientific inquiry reasoning.
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