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ABSTRACT

This article analyzes the quality parameters of the
SISSCA e-module learning model for pre-service
biology teachers. The study focuses on four
measurement parameters: validity, reliability,
practicality, and effectiveness. Data were
collected from five expert validators and sixty-
eight fifth-semester students in West Sumatra,
divided into experimental and control groups.
The results show a mean validity index of 0.89,
reliability of 0.983, practicality index of 0.99, and
a statistically significant learning gain favoring
the experimental group (t=7.643; p=0.001; Cohen’
sd=1.02). These findings demonstrate the
convergence of the four parameters, offering a
comprehensive triangulation template for
evaluating pedagogical innovations
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INTRODUCTION

In educational design research (EDR), a model is not judged by its
conceptual elegance alone but by whether it satisfies a defined set of quality
parameters. Nieveen (1999) frames product quality around three interlocking
criteria — validity, practicality, and effectiveness — each operationalized into
measurable indicators before a design can be considered ready for wider
adoption, and Plomp (2013) situates these criteria within a cyclical Preliminary
Research-Prototyping-Assessment sequence that treats measurement as
inseparable from design itself. Validity asks whether a design is theoretically
sound and internally consistent; practicality asks whether practitioners can
actually use it under ordinary conditions; effectiveness asks whether it produces
the intended learning outcomes. A fourth, often under-reported parameter —
reliability, or the consistency of the measurement process itself (Cronbach, 1951;
Koo & Li, 2016) — determines how much confidence can be placed in the first
three.

The SISSCA model (Stimulating, Identifying Problems, Solving Problem:s,
Strategizing, Creating Instruments, Appraising) was developed to strengthen
higher-order thinking skills (HOTS) and assessment-design competence among
pre-service biology teachers, a competency global research consistently flags as
under-developed (Anderson & Krathwohl, 2001; Barak & Dori, 2005; Ibrahim &
Suparno, 2021; Liu & Li, 2022). SISSCA integrates three pedagogical traditions
whose individual evidence bases are well established but rarely combined and
jointly measured: Project-Based Learning, shown across meta-analytic and
discipline-specific studies to strengthen critical thinking, creativity, and
evaluation literacy (Chen, Wang, & Zhang, 2022; Genc, 2015; Hidayat & Rohman,
2023; Rahmawati & Taylor, 2022; Savery, 2006; Smyrnaiou, Georgakopoulou, &
Sotiriou, 2020; Thomas, Mergendoller, & Michaelson, 1999); drill-based
reinforcement, grounded in behaviorist learning theory (Aqib & Rohmadi, 2016;
Skinner, 1953); and a digital e-module, consistent with evidence that interactive
digital scaffolds raise engagement and self-regulation (Kaur & Nadarajah, 2022;
Laili, Rohman, & Diah, 2019; Wibowo & Kurniawan, 2022).

This article deliberately narrows its scope to the measurement layer of the
SISSCA study: the specific parameters, instruments, and thresholds used to
certify the model as valid, reliable, practical, and effective. Readers who intend
to evaluate their own instructional designs need a concrete, reusable account of
which parameters to measure and how to interpret them, independent of the
substantive content of any one model — a need documented across the problem-
based and project-based learning literature, where inconsistent measurement has
made cross-study comparison difficult (Hmelo-Silver, 2004; Jonassen, 2011;
Kirschner, Sweller, & Clark, 2006). Isolating the parameters also allows a clearer
view of how the four quality dimensions relate to one another, a distinction
increasingly emphasized in active-learning research generally (Freeman et al.,
2014; Prince, 2004). Accordingly, this article aims to (a) describe the parameters
and instruments used to evaluate SISSCA, situating each in the measurement
literature it draws on; (b) report the resulting data for each parameter family; and
(c) discuss how the four parameter sets jointly substantiate the model's quality.
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LITERATURE REVIEW
Educational Design Research Quality Criteria

Nieveen (1999) argues that an instructional product can only be judged
ready for wider use once it clears three interlocking criteria — validity,
practicality, and effectiveness — each translated into concrete, measurable
indicators. Plomp (2013) extends this into a cyclical Preliminary Research-
Prototyping-Assessment sequence, treating measurement as inseparable from
the design process itself rather than a final check performed after development
ends.

H1: The SISSCA model's design products (blueprint, guidebook, e-module)
achieve a mean validity index at or above the 0.70 threshold recommended by
Polit and Beck (2006).

Reliability of Expert Judgment

Because validity ratings are only as trustworthy as the consistency of the
raters producing them, Cronbach (1951) and Koo and Li (2016) argue that
reliability should be reported as an independent parameter rather than assumed
from validity alone. Cronbach's Alpha assesses internal consistency of the rating
instrument, while the Intraclass Correlation Coefficient assesses agreement
among multiple raters, with values above 0.90 considered excellent.

H2: The SISSCA validity rubric achieves Cronbach's Alpha and Intraclass
Correlation Coefficient values at or above their respective 0.70 and 0.75
thresholds.

After the hypothesis section, the conceptual framework below situates
SISSCA's three integrated learning paradigms — Project-Based Learning,
behaviorist drill-based reinforcement, and connectivist digital scaffolding —
against the measurement parameters used to evaluate the resulting model.

Project-Based

Learning
-
) HOTS &
Drill-based SISSCA Model Assessment-Design
JlHeEE= (6 syntax phases) s
Reinforcement mpetence

Digital
E-module

Figure 1. Conceptual Framework linking SISSCA's three pedagogical traditions
to its measured outcomes
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METHODOLOGY

This study re-examines the measurement component of a Research and
Development (R&D) study that followed Plomp's (2013) three-phase design —
Preliminary Research, Prototyping, and Assessment. The analysis here is
restricted to the Assessment phase, in which four parameter families were
operationalized.

Participants comprised two groups. Five expert validators — specialists in
biology education, learning assessment, and educational technology — rated the
model's design products (model blueprint, lecturer's guidebook, student e-
module) for validity. Sixty-eight fifth-semester students enrolled in the
Evaluation of Biological Learning Processes and Outcomes course were divided
into an experimental group (n = 34), taught using SISSCA, and a control group
(n = 34), taught through conventional lecture and discussion; both groups were
assessed for practicality and effectiveness parameters. Four parameter families
and their instruments were used, summarized in Table 1.

Table 1. Parameter families, instruments, and acceptance thresholds used to
evaluate the SISSCA model.

Parameter Instrument Statistic / index Acceptance
family threshold
Validity Analytic expert rubric Content Validity Index CVI / mean 2
across eight design (CVI), mean validation 0.70 (Polit &
dimensions score (0-1) Beck, 2006)
Reliability Same expert rubric, Cronbach's Alpha a=0.70; ICC 2
repeated across five raters (Cronbach, 1951); 0.75
Intraclass Correlation
Coefficient (Koo & Li,
2016)
Practicality Observation checklists (six | Normalized practicality Very high: 0.81-
syntax phases) and student- | index (0-1) (Nieveen, 1.00
response questionnaires 1999)
Effectiveness Pre-test / post-test HOTS Independent-samples t- p <0.05,d=0.8
instrument (C4 analysis, C5 | test; Cohen's d (Cohen, = large effect
evaluation, C6 creation) 1988)

For the validity parameter, the CVI for each dimension was computed by
dividing the number of experts rating an item as valid (score of 3 or 4 on a four-
point scale) by the total number of experts, following the calculation and
reporting conventions clarified by Polit and Beck (2006). For the reliability
parameter, Cronbach's Alpha (Cronbach, 1951) assessed internal consistency of
the rubric, while the Intraclass Correlation Coefficient — interpreted using the
benchmarks of Koo and Li (2016) — assessed agreement among the five raters.
For the practicality parameter, two trained observers scored implementation
fidelity across SISSCA's six syntax phases on a four-point Likert scale,
normalized to a 0-1 index consistent with Nieveen's (1999) practicality criterion,
and students completed a response questionnaire covering usability,
engagement, clarity, and facilitation. For the effectiveness parameter, both
groups completed pre-test and post-test HOTS instruments constructed around
Anderson and Krathwohl's (2001) revision of Bloom's taxonomy; the difference
in gain scores was tested with an independent-samples t-test after normality
(Shapiro & Wilk, 1965) and homogeneity assumptions were confirmed, and effect
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size was quantified with Cohen's d (Cohen, 1988), where 0.2-0.5 indicates a small
effect, 0.5-0.8 a medium effect, and > 0.8 a large effect. All statistical analyses were
performed in SPSS version 26.0.

RESEARCH RESULT
Validity Parameters

Five experts rated the SISSCA design products across eight rubric
dimensions: model construction, rationale, supporting theory, syntax, reaction
principles, social system, support system, and instructional/nurturant effects.
Every dimension exceeded the 0.70 acceptance threshold recommended by Polit
and Beck (2006), and the overall mean validation index reached 0.89, categorized
as 'very valid.' Scores are reported in Table 2 and Figure 2.

Table 2. Validity parameter scores by rubric dimension.

Validity dimension Mean score
Social system 0.92
Model construction 0.90
Support system 0.90
Instructional and nurturant effects 0.90
Model rationale 0.89
Syntax 0.89
Reaction principle 0.88
Supporting theory 0.85
Overall mean validity index 0.89
1.0
0.92 0.90 0.90 0.90 0.89 0.89 0.88
o 0.8
S
o _— -
5 0.6
©
=)
[
> 0.4
o
=
0.2 4
—-- Acceptance threshold (0.70)
0.0

T T
Social Model Support  Instructional & Model Syntax Reaction Supporting
system construction system hurturant effects rationale principle theory

Figure 2. Validity parameter scores across eight rubric dimensions.

Social system (0.92) — the quality of prescribed lecturer-student and peer-
peer roles — scored highest, consistent with problem-based and project-based
learning research showing that clearly defined social roles are a strong predictor
of successful implementation (Hmelo-Silver, 2004; Jonassen, 2011; Savery, 2006).
Supporting theory (0.85), while still comfortably above threshold, was the
weakest dimension, echoing a broader critique in the PjBL literature that hybrid
models often integrate practices more successfully than they integrate the
theories behind them (Kirschner, Sweller, & Clark, 2006).
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Reliability Parameters

Because validity scores are only as trustworthy as the consistency of the
raters producing them, reliability was assessed alongside validity rather than
treated as a formality. Cronbach's Alpha reached 0.983 (Cronbach, 1951), and the
Intraclass Correlation Coefficient reached 0.983 — both far above their respective
0.70 and 0.75 thresholds, and within the 'excellent' band described by Koo and Li
(2016). Practically, this means that items targeting the same construct moved
together, and that the five experts agreed with each other to a degree that leaves
little room for idiosyncratic bias.

Practicality Parameters

Practicality was measured across eight implementation sessions of the
Evaluation of Biological Learning Processes and Outcomes course, combining
observation checklists, student-response questionnaires, and lecturer reflection
logs, consistent with Nieveen's (1999) recommendation that practicality be
triangulated across observed use and perceived use rather than inferred from
either alone. The composite practicality index reached 0.99, categorized as 'very
high.' Phase-level and respondent-level scores are shown in Table 3 and Figure
3.
Table 3. Practicality parameter scores by implementation phase and respondent

measure.
Practicality parameter Score
Stimulating (syntax 1) 1.00
Identifying Problems (syntax 2) 1.00
Solving Problems (syntax 3) 0.95
Strategizing (syntax 4) >0.98
Creating Instruments (syntax 5) >0.98
Appraising (syntax 6) >0.98
Student response (overall) 0.90
- Facilitation 0.99
- Instructional clarity 0.96
Composite practicality index 0.99
1.0 - 1.00 1.00 0.98 0.98 0.98 0.99 0.95
0.8 - -
o
ael
£
2 0.6
5
8 0.4
o
0.2 A
—-—= Very high threshold (0.81)
0.0 -

T T
Stimulating  Identifying Solving Strategizing Creating Appraising Student Facilitation  Instructional
Problems Problems Instruments response clarity

Figure 3. Practicality parameter scores across implementation phases, student
response, and student perception.
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The only phase to score below 0.98 was Solving Problems (0.95), where
groups spent additional time reconciling competing explanations before
converging on a solution — a pattern consistent with Jonassen's (2011)
observation that the solution-generation stage of problem-based designs is where
cognitive load peaks, even when overall implementation runs smoothly. Among
student-response sub-parameters, facilitation (0.99) scored higher than
instructional clarity (0.96), suggesting that the human-facilitation component of
the model is, at present, slightly outperforming the e-module's self-explanatory
design.

Effectiveness Parameters

Effectiveness was measured through pre-test and post-test HOTS
instruments covering analysis (C4), evaluation (C5), and creation (C6), following
Anderson and Krathwohl's (2001) revised taxonomy. Table 4 reports the resulting
parameters.
Table 4. Effectiveness parameters: pre-test/ post-test HOTS scores and statistical

indices.
Effectiveness parameter Experimental group (n = Control group (n = 34)
34)
Pre-test mean + SD 4520+ 5.34 44.85 + 6.02
Post-test mean = SD 79.47 £ 4.88 66.25+5.71
Gain score 34.27 21.40

t-statistic (independent samples) 7.643 —

p-value 0.001 —

Cohen's d 1.02 (large effect) —

The experimental group's gain score (34.27 points) exceeded the control
group's (21.40 points) by a considerable margin. The independent-samples t-test
confirmed the difference was statistically significant (p = 0.001, below the 0.05
threshold), and Cohen's d of 1.02 exceeded the 0.8 cut-off Cohen (1988) sets for a
large effect. In interpretive terms, the average SISSCA-taught student
outperformed roughly 79 percent of conventionally-taught peers. All formulas
used to derive gain scores follow the standard difference formula:

Gain = Post-test score - Pre-test score ............... 1)

DISCUSSION

Considered individually, each parameter family clears its respective
threshold: validity (0.89 = 0.70), reliability (a and ICC = 0.983 > 0.70/0.75),
practicality (0.99, 'very high'), and effectiveness (p = 0.001, d = 1.02). Considered
together, the four families tell a coherent story rather than four disconnected
facts. The high reliability of the validity ratings gives confidence that the validity
scores reflect genuine design quality rather than one rater's opinion. The strength
of the social-system validity dimension (0.92) is echoed in the practicality data,
where facilitation — the human-interaction component the social-system
dimension was meant to capture — scored highest among student-response sub-
parameters (0.99). And the model's classroom practicality plausibly underpins its
effectiveness: a model that is difficult to implement with fidelity would be
unlikely to produce the learning gains observed here, regardless of how well it
scores on paper — a caution raised more generally in the problem-based learning
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literature, where designs that validate well on paper have sometimes failed to
translate into classroom gains when practicality was not separately verified
(Hmelo-Silver, 2004; Kirschner, Sweller, & Clark, 2006).

This magnitude of effect is broadly consistent with meta-analytic evidence
that active, project-based approaches outperform lecture-based instruction,
though typically with smaller effects than reported here (Freeman et al., 2014;
Prince, 2004), suggesting the combined PjBL-drill-e-module design may
compound the benefits each component produces individually (Chen, Wang, &
Zhang, 2022; Smyrnaiou, Georgakopoulou, & Sotiriou, 2020). This convergence
pattern is the central methodological takeaway of a parameter-level analysis: no
single parameter family is sufficient evidence of a model's quality on its own, but
when validity, reliability, practicality, and effectiveness parameters are
measured independently and still point in the same direction, the resulting claim
of quality is considerably stronger than any one figure could support alone. For
researchers designing their own evaluation protocols — particularly in teacher-
education contexts where assessment literacy itself is the target competency (Liu
& Li, 2022; Rahmawati & Taylor, 2022; Setiawan & Nasrullah, 2023) — this
suggests that resources are better spent measuring several parameter families
with modest precision than a single family with maximal precision.

CONCLUSIONS AND RECOMMENDATIONS

This article isolated and reported the measurement parameters used to
evaluate the SISSCA learning model: validity (mean 0.89 across eight rubric
dimensions), reliability (a = 0.983; ICC = 0.983), practicality (composite index
0.99), and effectiveness (p = 0.001; Cohen's d = 1.02). Each parameter family
independently exceeded its established acceptance threshold, and, examined
jointly, the four families corroborate one another rather than standing as isolated
figures. Beyond certifying SISSCA specifically, the parameter set and thresholds
documented here offer a transferable template — grounded in Plomp's (2013)
and Nieveen's (1999) design-research framework and standard psychometric
practice (Cohen, 1988; Cronbach, 1951; Koo & Li, 2016; Polit & Beck, 2006; Shapiro
& Wilk, 1965) — for how validity, reliability, practicality, and effectiveness can
be operationalized, measured, and triangulated when evaluating any
instructional model, including those integrating project-based, behaviorist, and
digitally mediated components.

It is recommended that teacher-education institutions adopting SISSCA or
similar hybrid instructional designs measure all four parameter families
independently rather than relying on a single aggregate quality score, and that
facilitation support be maintained during the Solving Problems phase, where
implementation fidelity was comparatively lower.
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ADVANCED RESEARCH

This study's measurement scope was limited to a single institution, a
single cohort of 68 students, and a single offering of the Evaluation of Biological
Learning Processes and Outcomes course, which constrains the generalizability
of the reported parameter values. Future research should replicate this
parameter-level assessment across multiple institutions and cohorts, examine
whether the validity-reliability-practicality-effectiveness convergence pattern
holds for other hybrid instructional models, and investigate longer-term
retention of the HOTS gains observed here beyond the immediate post-test.
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