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Abstract
Higher-order and collaborative competencies are often compressed into a single score, obscuring whether self-
reported critical thinking, problem solving, teamwork, and practical innovation show the same measurement and
association patterns. We conducted an exploratory cross-sectional secondary analysis of 100 biology
undergraduates who completed 113 biology-contextualized Likert-type items. PSS14–PSS21, which describe
maladaptive emotional and avoidant responses to problems, were reverse-scored at the respondent level so that
higher values consistently indicated more effective problem solving. Teamwork had the highest mean (3.898),
followed by practical innovation (3.811), critical thinking (3.799), and problem solving (3.495). Internal
consistency was very high for critical thinking, teamwork, and practical innovation (alpha = .967–.973; omega =
.968–.973), but lower and structurally less coherent for problem solving (alpha = .815; omega = .727). Practical
innovation correlated strongly with teamwork (r = .879) and critical thinking (r = .863), and moderately with
problem solving (r = .468). In an HC3-robust associative model, critical thinking (beta = .450) and teamwork (beta
= .550) retained positive concurrent associations with practical innovation, whereas problem solving did not
(beta = − .048, p = .269); model R² was .850. The findings describe concurrent self-report score relations rather
than demonstrated competence or causal mechanisms. They also show that scoring direction materially
changes substantive conclusions and that construct-level reporting is preferable to an unvalidated overall HOTS
total.

1. Introduction
Higher-order thinking skills (HOTS) are increasingly important educational outcomes because learners are
expected to move beyond disciplinary recall toward evidence evaluation, knowledge transfer, explanation, and
defensible action. These demands are particularly relevant in biology, where students must connect processes
across levels of biological organization, interpret probabilistic evidence, and reason about problems embedded
in environmental and social systems. The classical progression from knowledge and comprehension to analysis,
synthesis, and evaluation provided an enduring foundation for these expectations [14]. Subsequent accounts
have further emphasized that higher-order thinking encompasses critical, creative, reflective, and problem-
oriented reasoning rather than performance on a single difficult test or composite score [38, 28].

Biology learning therefore requires more than simply exposing students to inquiry-oriented activities. Students
need opportunities to interpret graphs and laboratory observations, formulate and compare explanations, design
procedures, evaluate evidence, and judge the consequences of scientific decisions. Inquiry can create conditions
for such reasoning, but its effectiveness depends on deliberate scaffolding, task quality, and alignment between
instruction and assessment [43, 44, 53]. Accordingly, a defensible HOTS assessment should clearly specify the
construct being measured and provide evidence that resulting scores are coherent, interpretable, and
meaningfully related to educational behaviour [5, 47].

Recent assessment research reinforces the need for this construct-level precision. Scientific-reasoning
instruments have been developed partly because conventional assessments frequently emphasize factual recall
rather than reasoning processes [1]. In biology, rubrics aligned with Bloom's taxonomy can clarify cognitive
expectations and reveal misconceptions [13], while embedded assessment can make question generation,
argumentation, and critical evaluation integral to learning [11]. Nevertheless, cognitively demanding formats do
not automatically produce higher-order performance. Higher-order clicker questions have increased engagement
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and improved some subsequent outcomes without consistently improving all higher-order examination
responses [8]. Similarly, open-note biology examinations appear most productive when students prepare for
broad conceptual understanding rather than simple information retrieval [17]. Contemporary analyses of science
assessments continue to identify an overrepresentation of remembering and understanding [2], while even
teachers who receive item-development training may encounter difficulty constructing questions that genuinely
elicit higher-order thinking [15].

The four measured domains are related but should not be treated as interchangeable components of a single
latent HOTS trait. Critical thinking and problem solving are higher-order cognitive processes involving
interpretation, evaluation, inference, problem representation, alternative generation, decision making, and
monitoring [19, 20, 48, 18]. Teamwork is better conceptualized as a collaborative or socio-cognitive competence
through which ideas, evidence, roles, and responsibilities are coordinated [22]. Practical innovation is an applied
competence concerned with translating knowledge and ideas into feasible improvements, procedures, products,
or communicable solutions; it overlaps with creativity but adds constraints of usefulness, evidence, and
implementation [49, 45]. Accordingly, this article uses the broader phrase higher-order and collaborative
competencies and reserves HOTS for cognitive processes rather than assuming a validated higher-order
common factor.

The analytical framework is explicitly relational. Practical innovation is modelled as the focal self-report score
because its items require respondents to describe the translation of biological knowledge, data, digital tools, and
collaborative work into feasible action. Critical thinking, problem solving, and teamwork are examined as
concurrent correlates, not temporally prior causes. The same respondents completed all four scales at one time
point, so directional arrows would overstate the design. Figure 1 therefore depicts non-directional conceptual
links and the regression is interpreted only as a conditional description of covariance among observed scores.

Pedagogical evidence provides support for this integrated interpretation while also indicating that HOTS
dimensions do not develop uniformly. Inquiry-based learning shows a positive average association with critical
thinking, although its effects vary substantially according to context and implementation features [9]. Creative
pedagogy incorporated into problem-based learning can strengthen analysis, evaluation, and workable solution
generation [3], while explicit HOTS-oriented instruction can improve both critical-thinking skills and dispositions
[10]. Biology laboratory practice has also been associated with stronger HOTS and experiment-planning
performance [32], and relatively short scientific-inquiry interventions can strengthen preservice teachers'
scientific reasoning [35]. Project-based learning likewise shows potential for developing creative thinking [26],
whereas socioscientific-issue teaching illustrates the value of discussion around complex and evidence-
dependent decisions [31]. Virtual laboratories may further extend opportunities for higher-order engagement,
although infrastructure and teacher preparation remain important constraints [6].

Technology-supported and collaborative learning environments further demonstrate that twenty-first-century
competencies may emerge at different rates. Reviews of mobile learning in science identify collaborative, inquiry-
based, project-based, problem-based, game-based, and flipped approaches as recurring pathways for developing
HOTS [4]. Mobile-supported inquiry may make gains in collaboration and communication more visible than
changes in critical thinking, problem-solving, or creativity [34]. In a virtual ecosystem task, collaboratively
constructed reasoning maps were associated with inquiry performance [16]. Within biology teacher education,
metacognition has been linked to critical thinking [7], integrated problem-based learning and digital mind maps
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have connected critical thinking with creativity [29], and blended project-based approaches have strengthened
evaluating and creating [30]. Comparable improvements in analytical, creative, and metacognitive outcomes have
been reported in animal physiology [40], although classroom evidence suggests that professional development
focused on HOTS does not necessarily translate into explicit metacognitive teaching [36]. Authentic citizen-
science activities provide another practical pathway by requiring students to formulate predictions, visualize
data, examine limitations, and communicate scientific interpretations [39]. Sustained exposure to active learning
may also be more consequential than isolated learning episodes [12].

Three gaps motivate the present analysis. First, HOTS research remains fragmented across constructs and
interventions, while assessment studies often aggregate heterogeneous competencies into a single score [42, 5].
Second, reliability is frequently reported without examining scoring polarity, average inter-item association, item-
rest behaviour, and the possibility that extremely high internal-consistency coefficients reflect repetitive item
content rather than construct validity. Third, practical innovation is commonly invoked as an educational
aspiration but its empirical relations with critical thinking, problem solving, and teamwork are less often
examined in the same biology-contextualized self-report instrument. The growth of generative artificial
intelligence in biology assessment further increases the need to distinguish what a score actually measures
from what is merely assumed from task labels [41].

The contribution of this study is therefore methodological and relational rather than a claim of instrument
validation. We use comparable per-item scale means, verify item polarity directly from the archived item wording,
reverse-score the negatively keyed problem-solving block at the respondent level, report alpha together with one-
factor omega, mean inter-item correlations and corrected item-rest correlations, and estimate concurrent
associations with heteroscedasticity-robust uncertainty. These procedures provide score-level evidence but do
not substitute for convergent, discriminant, factor-structural, or invariance evidence [21, 27, 47, 52]. Prediction-
oriented and robustness frameworks may inform future latent-variable work when a substantially larger
validation sample is available [24, 23, 37, 46, 51].

Accordingly, the study addresses four questions: (1) What are the score distributions of self-reported critical
thinking, problem solving, teamwork, and practical innovation? (2) How internally coherent are the four scales
after directionally consistent scoring, and what do item-level diagnostics reveal? (3) How strongly are the four
scale scores associated under Pearson and rank-based analyses? and (4) What concurrent associations with
practical innovation remain when critical thinking, problem solving, and teamwork are entered together? We
expected positive zero-order associations among the four scores, with particularly strong relations of practical
innovation to teamwork and critical thinking; the unique problem-solving association was treated as uncertain
because its items combine rational problem-solving content with negatively phrased emotional and avoidant
responses.

2. Materials and methods

2.1 Research design and analytical scope
This study used an exploratory cross-sectional descriptive-correlational secondary-analysis design. The
individual respondent was the unit of analysis. Descriptive procedures mapped score distributions and
uncertainty; measurement diagnostics examined internal covariance coherence; and relational procedures
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examined concurrent associations among the four observed scale means. The study was not preregistered and
the present analysis should be interpreted as exploratory. Because all variables were measured once through the
same self-report instrument, temporal ordering, causal effects, and latent construct validity cannot be inferred.

The framework in Fig. 1 guided the relational analysis. Critical thinking, problem solving, and teamwork were
entered simultaneously as observed explanatory scores associated with practical innovation. This regression
specification does not establish that practical innovation is an outcome caused by the other domains. Its
purpose is to determine whether pairwise associations remain after shared variance among the three concurrent
scores is taken into account.

2.2 Data source, setting, and participants
Data were collected through a structured online questionnaire administered using Google Forms from 14 to 30
December 2024. The target population comprised undergraduate students enrolled in Biology Education or
Biology programmes at several public and private higher education institutions in Indonesia.

Participant recruitment was facilitated through formal research access procedures. Research Permission Letter
No. 2463/B.04.02/2024 was submitted to the respective Vice Dean for Academic Affairs or Head of the relevant
Study Programme at the participating institutions. Institutional representatives then facilitated dissemination of
the study information and questionnaire invitation to eligible students. Recruitment was therefore conducted
through institutional channels rather than through a centrally maintained list of individual participants.

Eligibility was defined as current enrolment in an undergraduate Biology Education or Biology programme at one
of the participating institutions during the data-collection period. Students who received the study invitation were
free to decide whether to participate. Participation was voluntary, and no participant was required to complete
the questionnaire as a condition of academic participation or assessment.

Before accessing the questionnaire, prospective participants received information about the study purpose, the
nature of participation, the voluntary character of participation, and the handling of their responses. Informed
consent to participate was obtained electronically from all participants before questionnaire completion.

The data contained 100 complete response records. Demographic fields were gender, semester, academic
programme, and teaching status. Institution information was entered in free-text fields rather than a standardized
institutional identifier. Conservative normalization identified 12 named institutions for 95 respondents; five
records contained location or organization descriptions that could not be classified reliably. Because clustering
variables, invitation denominators, and response-rate data were not systematically retained, institution-level
clustering and population response rates could not be modelled. The sample is therefore described as a
voluntary multi-institutional sample rather than as statistically representative of Indonesian biology
undergraduates.
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Table 1
Respondent profile in the archived dataset.

Variable Category n Percent

Gender Male 11 11.0

Gender Female 89 89.0

Academic programme Biology Education 92 92.0

Academic programme Biology/Science/Other 8 8.0

Semester 1 17 17.0

Semester 3 16 16.0

Semester 5 31 31.0

Semester 7 31 31.0

Semester 9 5 5.0

Teaching status Not teaching/other 93 93.0

Teaching status Teaching 7 7.0

Note. Percentages are based on n = 100. Category labels follow the coding documented in the archived
analytical file.

2.3 Instrument structure
The instrument contained 113 items recorded as integers from 1 to 5 and was administered in Indonesian.
Critical thinking comprised 40 items (CT1–CT40), problem solving 21 items (PSS1–PSS21), teamwork 26 items
(TS1–TS26), and practical innovation 26 items (PIS1–PIS26). The archived item wording is explicitly
contextualized to biology, including biological concepts, laboratory experiments, experiment design, ecological
consequences, scientific discussion, biological data, and digital tools used in biology learning. Representative
items include CT1, “I am able to raise critical questions about biological concepts in face-to-face discussions”;
PSS1, “I can integrate biological theory learned online with laboratory experiments to solve biological problems”;
TS7, “I listen carefully to team members’ views and provide constructive feedback during scientific project
discussions”; and PIS8, “I can translate community needs into innovative biology-based solutions.” The export
retained numeric responses but not a separate document defining the verbal anchors for 1–5; therefore, no
verbal anchor labels are reconstructed here. The full original item wording, scoring direction, and item
diagnostics are provided in Supplementary Information ESM 1.

Raw item totals were divided by the number of items in each domain to create comparable 1–5 scale means. An
overall HOTS total was not used as a substantive outcome because the unequal item counts would implicitly
weight the domains by scale length and because a higher-order common factor has not been established.
Cronbach’s alpha, one-factor McDonald’s omega, mean inter-item correlations, and corrected item-rest
correlations were treated as score-coherence diagnostics rather than evidence of validated dimensionality. The
sample of 100 respondents is not sufficient for stable confirmatory modelling of a 113-item structure; factor-
structural and measurement-invariance analyses are therefore deferred to independent validation research.

2.4 Scoring procedure and item-polarity sensitivity
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PSS14–PSS21 describe maladaptive responses to biological problems, including loss of patience, anger,
explosive or uncooperative behaviour, coercive reactions, social withdrawal, avoidance, and disengagement.
Because endorsement of these items indicates poorer rather than better problem regulation, they were reverse-
scored at the respondent level as 6 minus the observed response so that higher values consistently represented
more effective problem solving. This direction is consistent with the distinction between constructive and
dysfunctional problem orientations in the social problem-solving framework [18]. The archived materials did not
include a standalone scoring-key document, so this study does not claim documentary verification of the original
developer’s item key; instead, the scoring rule is reported transparently and the archived raw-scoring results are
retained as a sensitivity comparison in Table 3.

2.5 Ethical approval and consent to participate

No new participants were recruited and no new data were collected for this secondary analysis beyond the
questionnaire responses collected during the original study period. Human-related procedures were conducted
through institutional research access channels, and participation was voluntary.

The original study received full ethical approval from the Research Ethic Committee of the Institute of Research,
Community Service, and Publication (LPPMP), Universitas Muhammadiyah Prof. DR. HAMKA (UHAMKA),
Jakarta, Indonesia (Reference No. 758/LPPMP/LT/2025; approval date 12 December 2024; approved research
period 10 December 2024 to 10 December 2025). The reported data-collection period, 14–30 December 2024,
therefore occurred after the stated approval date and within the approved research period. Human-related
procedures were conducted in accordance with Ministry of Research and Technology Decree No.
25/M/Kp/III/2013 on Research Ethics, Indonesian Institute of Science Decree No. 06/E/2013 on Research Ethics,
and UHAMKA Research Ethics and Publication requirements.

Electronic informed consent to participate was obtained from all participants before questionnaire completion.
The original Google Forms export contained name and email fields in addition to study responses. For the
present secondary analysis, those direct identifier columns were excluded from the analytical dataset and no
participant-level identifiers are reported or shared. The analysis used only the questionnaire responses and non-
identifying demographic fields required for the analyses described here.

2.6 Statistical analysis
For each domain, respondent-level means, standard deviations, observed ranges, standard errors, and 95%
confidence intervals were calculated. Confidence intervals used the t distribution with 99 degrees of freedom.
The midpoint of 3.0 is shown in Fig. 3 only as a response-scale reference and is not treated as a proficiency or
mastery threshold. No percentage-of-maximum statistic is used as an achievement criterion.

Internal consistency was evaluated using Cronbach’s alpha, one-factor McDonald’s omega, mean inter-item
correlations, and corrected item-rest correlations. Omega was estimated from a standardized one-factor model
for each scale and is reported only as an additional coherence index; it is not presented as evidence that the
scale is unidimensional. Item means, standard deviations, item-rest correlations, alpha if item deleted, and
omega if item deleted are reported in ESM 1.

Pearson correlations with 95% Fisher-z confidence intervals were calculated among the four domain means.
Spearman rank correlations were used as a monotonic sensitivity analysis. Practical innovation was then
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regressed simultaneously on critical thinking, problem solving, and teamwork. HC3 heteroscedasticity-robust
standard errors and confidence intervals were used for inference, and standardized coefficients were obtained
from z-standardized scores. Variance inflation factors described predictor overlap. Unique increments in R² were
calculated by comparing the full model with reduced models that omitted one predictor at a time; these
increments are descriptive and are not interpreted as causal importance.

Model diagnostics included residual inspection, the Breusch–Pagan test, a quadratic Ramsey RESET check,
leverage, externally studentized residuals, and Cook’s distance. The Breusch–Pagan statistic was LM = 7.305 (p 
= 0.063) and the RESET test was F = 3.333 (p = 0.071). HC3 inference was retained because it is conservative in a
modest sample and less sensitive to leverage. The largest Cook’s distance was 0.182, the largest leverage value
was 0.176, and the largest absolute externally studentized residual was 2.940. Five records showed a uniform
response across all 113 items. Because no response-time or attention-check exclusion rule had been
prespecified, the primary analysis retained all complete cases; a sensitivity model excluding those five records
yielded a similar coefficient pattern and R² = 0.834. No duplicate email or name records were present in the
source export. Analyses were performed in Python 3.13 using pandas, NumPy, SciPy, statsmodels, and scikit-
learn. All tests were two-sided with alpha = .05.

Demographic comparisons were not used for inferential claims because several groups were very small and
measurement invariance has not been established. Gender, programme, teaching-status, and semester
distributions are therefore reported descriptively in Table 1, with group-specific domain means supplied in ESM 1
for transparency. No p-values are interpreted for demographic differences.

3. Results

3.1 Data completeness and participant profile
All 100 records were complete across the 113 item responses, and every item value fell within the intended 1–5
numeric range. The source export contained no duplicate email records and no duplicate normalized name
records. Five respondents used a single response category across all 113 items; these were retained in the
primary analysis because no prospective attention-check or response-time exclusion criterion existed, and
excluding them did not materially change the regression pattern. The sample was predominantly female (89%),
enrolled in Biology Education (92% when the five Biology/Science and three “other” programme records are
combined as the non-Biology-Education category), and not currently teaching (93% when “not yet teaching” and
“other” are grouped). Twelve named institutions could be conservatively normalized for 95 respondents, while
five institution entries remained ambiguous.

No overall HOTS score is reported as a substantive result. The analysis preserves the four domain means
because they have unequal item counts and because no higher-order measurement model has established that
they can be interpreted as a single common construct. This construct-level approach also prevents strong
teamwork or critical-thinking scores from obscuring a distinct problem-solving profile.

3.2 Dimension profile, reliability, and scoring sensitivity
After reverse-scoring PSS14–PSS21, teamwork had the highest mean item score (M = 3.898, SD = 0.629, 95% CI
[3.773, 4.023]), followed by practical innovation (M = 3.811, SD = 0.600) and critical thinking (M = 3.799, SD = 
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0.543). Problem solving remained lower (M = 3.495, SD = 0.463, 95% CI [3.403, 3.587]). The response-scale
midpoint shown in Fig. 3 is descriptive only and does not denote competence.

Table 2
Descriptive statistics and internal-consistency diagnostics for the four self-report domains.

Construct Items Mean SD 95% CI Alpha Omega Mean
inter-
item r

Item-rest
r

Critical
thinking

40 3.799 0.543 3.691–
3.906

0.968 0.968 0.430 0.496–
0.777

Problem
solving

21 3.495 0.463 3.403–
3.587

0.815 0.727 0.190 0.126–
0.525

Teamwork 26 3.898 0.629 3.773–
4.023

0.973 0.973 0.581 0.598–
0.819

Practical
innovation

26 3.811 0.600 3.692–
3.930

0.967 0.968 0.532 0.579–
0.784

Note. Means are per-item scores on the 1–5 response scale after reverse-scoring PSS14–PSS21. Omega is
one-factor McDonald’s omega; mean inter-item r is the average pairwise item correlation; CI = confidence
interval. Very high alpha or omega values may reflect item redundancy and should not be interpreted as
construct validation.

Respondent-level reverse scoring materially changed the interpretation of the problem-solving scale. Under the
archived raw scoring, the problem-solving mean was 3.415, alpha was 0.929, omega was 0.928, and the
correlation with practical innovation was r = 0.614; the standardized problem-solving coefficient in the three-
predictor model was beta = 0.128 (p = 0.014). After reversing PSS14–PSS21, the mean increased modestly to
3.495, but internal consistency decreased (alpha = 0.815; omega = 0.727), the correlation with practical
innovation decreased to r = 0.468, and the standardized regression coefficient became beta = -0.048 (p = 0.269).
Table 3 makes this scoring dependence explicit rather than treating item polarity as a minor limitation.

Table 3
Sensitivity of problem-solving results to archived versus directionally consistent scoring.

Scoring scenario PSS
mean

Alpha Omega PSS–PI r PSS beta
(HC3)

p Model R²

Data raw scoring 3.415 0.929 0.928 0.614 0.128 0.014 0.857

Reverse PSS14–
PSS21

3.495 0.815 0.727 0.468 -0.048 0.269 0.850

Note. Corrected scoring reverse-scores PSS14–PSS21 as 6 minus the observed response. Regression
coefficients are standardized and use HC3 robust inference. The comparison demonstrates that the scoring
rule changes substantive conclusions.

Critical thinking, teamwork, and practical innovation showed very high internal consistency: alpha/omega were
0.968/0.968, 0.973/0.973, and 0.967/0.968, respectively. Their mean inter-item correlations ranged from 0.430 to
0.581, values high enough to raise a redundancy concern for long scales. Problem solving was less internally
coherent after reverse scoring (alpha = 0.815, omega = 0.727, mean inter-item r = 0.190); its corrected item-rest
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correlations ranged from 0.126 to 0.525. Thus, reverse scoring aligned score direction but also exposed
heterogeneity within the problem-solving item set.

Item-level patterns reinforced this interpretation. Critical-thinking item means ranged from 3.54 to 4.18,
teamwork from 3.73 to 4.10, and practical innovation from 3.58 to 3.95. PSS1–PSS13 ranged from 3.63 to 3.84,
whereas the reverse-scored PSS14–PSS21 block ranged from 2.69 to 3.37. The diagnostic map in Fig. 4 shows
that several problem-solving items also had weaker item-rest relations than items in the other domains.
Complete item-level diagnostics, including alpha and omega if an item is deleted, are provided in ESM 1.

3.3 Associations among self-report competency scores
All six Pearson correlations were positive. Practical innovation was strongly correlated with teamwork (r = 0.879,
95% CI [0.826, 0.917]) and critical thinking (r = 0.863, 95% CI [0.802, 0.906]). Problem solving showed a more
moderate association with practical innovation (r = 0.468, 95% CI [0.299, 0.609]). Spearman correlations
produced the same qualitative ordering, indicating that the main zero-order pattern was not dependent on
Pearson linearity alone. These observed-score correlations should not be treated as evidence of discriminant
validity or as proof that the four domains represent a single higher-order construct.

Table 4
Pairwise Pearson correlations with 95% confidence intervals and Spearman sensitivity estimates.

Pair Pearson r 95% CI Spearman rho

Critical thinking – Problem solving 0.468 0.299–0.608 0.537

Critical thinking – Teamwork 0.791 0.704–0.855 0.784

Critical thinking – Practical innovation 0.863 0.802–0.906 0.857

Problem solving – Teamwork 0.556 0.403–0.678 0.581

Problem solving – Practical innovation 0.468 0.299–0.609 0.501

Teamwork – Practical innovation 0.879 0.826–0.917 0.847

Note. Pearson confidence intervals use Fisher’s z transformation. Spearman coefficients are included as a
monotonic sensitivity analysis. All estimates are based on n = 100.

The three-predictor associative model accounted for 85.0% of the observed variation in practical innovation (R² =
0.850, adjusted R² = 0.845); the HC3 robust joint test was F(3, 96) = 269.30, p < .001. Teamwork had a
standardized coefficient of beta = 0.550 (95% HC3 CI [0.348, 0.752]), and critical thinking beta = 0.450 (95% HC3
CI [0.272, 0.629]). The corrected problem-solving coefficient was beta = -0.048 (95% HC3 CI [-0.135, 0.038], p = 
0.269). Unique increments in R² were 0.100 for teamwork, 0.076 for critical thinking, and 0.002 for problem
solving. Because the predictors are correlated, these statistics are descriptive decompositions rather than a
ranking of causal importance.
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Table 5
HC3-robust regression estimates for concurrent associations with practical innovation.

Explanatory
score

B HC3 SE Standardized
beta

95% CI for
beta

p VIF Unique
ΔR²

Critical thinking 0.498 0.099 0.450 0.272–
0.629

< .001 2.682 0.076

Problem
solving

-0.063 0.056 -0.048 -0.135–
0.038

0.269 1.452 0.002

Teamwork 0.525 0.097 0.550 0.348–
0.752

< .001 3.032 0.100

Note. B = unstandardized coefficient; HC3 SE = heteroscedasticity-robust standard error; beta = standardized
coefficient; VIF = variance inflation factor; unique ΔR² = reduction in model R² when the predictor is omitted.
The model is associative and cross-sectional.

Variance inflation factors were 2.68 for critical thinking, 1.45 for problem solving, and 3.03 for teamwork. The
Breusch–Pagan test was borderline but not conventionally significant (LM = 7.305, p = 0.063), and the quadratic
RESET test did not provide strong evidence of nonlinearity (F = 3.333, p = 0.071). Eight observations exceeded the
heuristic Cook’s-distance value of 4/n, but the maximum was 0.182; five observations exceeded a leverage value
of 2(k + 1)/n, with a maximum of 0.176. Excluding the five uniform-response records reduced the sample to 95
and yielded R² = 0.834; the coefficient signs and substantive interpretation were unchanged. The high R²
nevertheless requires caution because all domains were measured concurrently by self-report within the same
instrument.

3.4 Exploratory demographic descriptives
The demographic structure was strongly imbalanced: 89 respondents identified as female and 11 as male; 92
were enrolled in Biology Education; only seven reported already teaching; and semester 9 contained five
respondents. These cell sizes do not support stable comparative inference, particularly because measurement
invariance has not been evaluated. Inferential subgroup tests reported in the earlier draft were therefore removed
from the main analysis.

For transparency, ESM 1 provides group-specific domain means by gender, programme, teaching status, and
semester. These values are descriptive only and should not be interpreted as demographic effects. A future
study designed for subgroup comparison would require planned sampling, adequate group sizes, standardized
institution identifiers, and evidence that the measurement structure is invariant across the groups being
compared.

4. Discussion
The revised analysis changes the central interpretation in an important way. Practical innovation was strongly
concurrent with teamwork and critical thinking, but the apparent unique problem-solving association in the
archived analysis disappeared after directionally consistent respondent-level scoring. The most defensible
conclusion is therefore not that practical innovation is an “integrated HOTS outcome,” but that self-reported
innovation co-occurs closely with collaborative and evaluative self-perceptions in this sample while the problem-
solving scale behaves differently. This distinction matters because it separates a substantive association pattern
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from a scoring artefact and avoids treating correlated self-report scores as a causal mechanism or validated
latent structure.

The strong teamwork–practical-innovation association is educationally plausible because biological inquiry is
often socially organised. Learners may distribute laboratory roles, compare observations, negotiate explanations,
coordinate resources, and communicate procedures, thereby making reasoning visible to peers [22]. Technology-
supported inquiry can make collaboration and communication especially salient [34], and blended project
structures can connect collaborative production with evaluating and creating [30]. Repeated active-learning
exposure may also matter across students with different social dispositions [12]. The present data, however,
show only that students who rated themselves highly on teamwork also tended to rate themselves highly on
practical innovation; they do not demonstrate that teamwork causes innovation.

Critical thinking also retained a strong concurrent association with practical innovation. This pattern is
compatible with accounts of critical thinking that emphasize interpretation, evaluation, inference, and reasoned
judgment [19, 20]. Innovation in biology is constrained by evidence, feasibility, safety, and disciplinary coherence,
so evaluative self-perceptions may reasonably covary with self-perceptions of practical innovation. The
continuing dominance of lower-order demands in some science assessments [2] and the difficulty teachers
experience when constructing genuinely higher-order items [15] underscore why evaluative reasoning should be
measured explicitly rather than inferred from task difficulty.

Problem solving showed a different pattern. After PSS14–PSS21 were reversed, its zero-order correlation with
practical innovation remained positive but moderate, while its unique regression coefficient was close to zero
after critical thinking and teamwork were included. More importantly, alpha fell from .929 under archived raw
scoring to .815 under directionally consistent scoring, omega fell from .928 to .727, and several item-rest
correlations became weak. This does not imply that problem solving is educationally unimportant. Instead, it
suggests that the 21-item set may combine rational problem-solving behaviours with emotional and avoidant
response tendencies that do not operate as a single homogeneous scale. The distinction is consistent with
social problem-solving theory, which separates problem orientation from problem-solving style [18].

The scoring audit therefore becomes part of the substantive result rather than a footnote. PSS14–PSS21 are
unambiguously negative in behavioural direction: endorsing anger, coercion, avoidance, withdrawal, or fear
cannot be interpreted as stronger effective problem solving when the remaining items are positively keyed.
Reverse scoring is necessary for directional consistency, yet the reduced internal coherence after that correction
shows that a scoring rule alone does not establish unidimensionality. Independent cognitive interviewing, item-
development documentation, and larger-sample factor analysis are needed before this problem-solving score is
used for high-stakes interpretation or as evidence that one competence is “weaker” than another.

The high model R² is likewise a reason for caution rather than a claim of explanatory power. All four domains
were assessed at the same time, through the same response format, and within one long questionnaire. Shared
method variance, acquiescence, self-confidence, semantic overlap, and common response tendencies can
strengthen correlations among self-report scores. An item about proposing an improvement during group work,
for example, may simultaneously cue teamwork, critical evaluation, and innovation. The regression therefore
summarizes conditional covariance among observed scores; it does not show that practical innovation is
determined by the other domains.
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Reliability and validity must also remain conceptually separate. Very high alpha and omega coefficients for
critical thinking, teamwork, and practical innovation indicate strong covariance coherence but may also reflect
repetitive content in long scales. Future validation should compare plausible correlated-factor, higher-order, and
bifactor structures, examine convergent and discriminant validity, and establish measurement invariance before
subgroup means are compared [21, 27, 24, 23, 37, 46, 51]. External performance criteria are equally important
because self-reported dispositions and demonstrated reasoning are not equivalent [47, 48, 52].

A practical assessment implication follows directly from the analysis: the four domains should be reported
separately rather than collapsed into an overall HOTS total. Construct-level reporting preserves information that
would otherwise be hidden by unequal item counts and by an unverified higher-order structure. School-based
HOTS assessment is most useful when it informs instructional design rather than merely ranking learners [50,
33]. Biology rubrics that score content and reasoning together can clarify cognitive expectations [13], while
embedded assessment can make argument construction part of learning [11]. Higher-order clicker questions and
open-note examinations further show that cognitively demanding formats require explicit guidance and
appropriate preparation [8, 17].

The biology-specific wording of the archived instrument is an important strength relative to the earlier draft’s
description, but it does not convert self-report into performance evidence. The items refer explicitly to biological
concepts, laboratory experiments, ecological consequences, design problems, data analysis, and communication
of biological findings. These contexts align conceptually with inquiry, problem-based, project-based, and citizen-
science practices reported in biology and science education [9, 32, 35, 39, 29, 3, 26]. A future performance study
could test whether the present self-report domains predict the quality of actual experimental designs, data
interpretations, or innovation products.

Metacognitive scaffolding is one plausible intervention hypothesis for that future work, particularly for the
heterogeneous problem-solving domain. Learners could be asked to define a problem, distinguish causes from
symptoms, identify constraints, generate alternatives, specify decision criteria, implement a response, and state
what evidence would justify revision. Reviews of HOTS-oriented teaching emphasize explicit regulation of such
processes [25]. Associations between metacognition and critical thinking in biology-related settings [7],
incomplete transfer of HOTS professional development into explicit metacognitive teaching [36], and gains in
analytical, creative, and metacognitive outcomes under PjB-HOTS instruction [40] justify testing this proposition
experimentally rather than assuming it from the present correlations.

The demographic data do not support subgroup conclusions. Small and imbalanced groups can produce
unstable means and effect estimates, and the present instrument has not been shown to function equivalently
across gender, programme, teaching status, semester, or institution. Descriptive subgroup values are therefore
reported only for transparency. Longitudinal or stratified replication would be needed to distinguish curricular
development from cohort composition, selective participation, institutional context, or changes in self-
perception.

The study’s contribution is consequently diagnostic and relational. It demonstrates how a long biology-
contextualized self-report matrix can be audited transparently by separating construct scores, checking item
direction, reporting multiple internal-consistency diagnostics, and examining concurrent associations with robust
uncertainty. The most consequential result is that the problem-solving conclusion changes after respondent-level
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reverse scoring, whereas the strong practical-innovation associations with teamwork and critical thinking remain.
This is a reproducibility lesson as much as an educational one: score construction is part of the scientific claim.

Several limitations constrain interpretation. The design is cross-sectional and self-reported, the sample is
modest and nonprobabilistic, and several demographic cells are small. Institution fields were free-text, preventing
reliable multilevel modelling; invitation denominators and response rates were not retained. The source export
contained names and email addresses, although these fields were removed from the analytical copy used here.
Five uniform response patterns were retained because no prespecified attention-check or response-time rule
existed, and Google Forms did not provide completion-duration data. The archived materials did not include a
standalone authoritative scoring-key document or a full instrument-development dossier. Factor structure,
discriminant validity, measurement invariance, and external criterion validity were not tested. These constraints
mean that the findings should be interpreted as associations among observed self-report scores in this voluntary
sample, not as national estimates or demonstrated cognitive performance.

5. Conclusion
This exploratory secondary analysis mapped self-reported critical thinking, problem solving, teamwork, and
practical innovation in 100 biology undergraduates using a 113-item biology-contextualized questionnaire.
Directionally consistent scoring of PSS14–PSS21 modestly increased the problem-solving mean but
substantially changed its psychometric and relational profile: alpha and omega decreased, its correlation with
practical innovation weakened, and its adjusted regression coefficient was no longer distinguishable from zero.
Critical thinking, teamwork, and practical innovation remained highly internally consistent, although coefficients
of this magnitude also raise the possibility of item redundancy.

Practical innovation showed strong concurrent associations with teamwork and critical thinking, while the full
three-predictor model explained a large proportion of observed score variation. These results should be read as
covariance among self-perceptions rather than evidence of causal influence, demonstrated skill, or a validated
integrated HOTS construct. The immediate measurement priority is to document the instrument’s development
and scoring key, evaluate its factor structure in a larger independent sample, and link self-report scores to
authentic biology performance. For current reporting, separate construct scores are more defensible than an
overall HOTS total.
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Figure 1

Conceptual framework for concurrent associations among higher-order and collaborative self-report
competencies. Lines are non-directional and do not represent temporal or causal pathways.

Figure 2

Analytical workflow from source-data audit and directionally consistent scoring to measurement diagnostics,
robust associative modelling, and sensitivity analysis.

Figure 3

Mean item scores for the four self-report domains after directionally consistent scoring. Error bars are 95%
confidence intervals; the dashed line marks the response-scale midpoint and is not a proficiency threshold.
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Figure 4

Item-level diagnostic map after directionally consistent scoring. Dashed lines mark an item mean of 3.0 and a
corrected item-rest correlation of .40; neither line is a construct-validity threshold.

Figure 5

Standardized concurrent associations with practical innovation after reverse-scoring PSS14–PSS21. Error bars
are 95% HC3 robust confidence intervals.
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