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This descriptive reassessment examines archived achievement summaries from a two-
class quasi-experimental study of mirror and image formation in Libya. Thirty ninth-
grade students received either guided PhET-supported instruction or conventional
instruction over one academic semester, with 15 students per class. A specialist-reviewed
12-item test was administered before and after instruction. Only aggregate transformed-
score summaries were available; individual scores, item responses, and the
transformation rule are unavailable. Recorded means increased from 17.87 to 49.00 in
the PhET class and from 16.53 to 20.87 in the comparison class. Subtraction of the
displayed means gives gains of 31.13 and 4.34 points and a gain contrast of 26.79 points.
The post-test gap is 28.13 points. Results are descriptive because class and intervention
are inseparable. An internal audit identifies an unusually large standardized gap and
opposing implied pre/post correlations. These unresolved features prevent validation of
the magnitude of the recorded differences or attribution to PhET. Replication requires

multiple classes and transparent individual and item-level records.
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1. INTRODUCTION

Learning geometrical optics requires students to
connect ray diagrams with image position, orientation, and
the behavior of an actual optical system. Difficulties with
these connections can persist after instruction. Goldberg
and McDermott (1987), for example, documented
problems in applying ray diagrams to real images formed
by converging lenses and concave mirrors. This makes
mirror and image formation a useful topic for examining
how students engage with visual representations.

Physics Education Technology (PhET) simulations
provide interactive environments in which learners can
vary parameters and inspect the resulting representations.
Their educational design aims to connect observable
phenomena with scientific models (Perkins et al., 2006;
Wieman et al., 2008). However, the presence of a
simulation does not by itself establish learning. Research
on PhET and guided inquiry emphasizes the roles of task
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design, questioning, and instructional context (Banda &
Nzabahimana, 2021; Srisawasdi & Panjaburee, 2015).
Relevant evidence exists in geometrical optics and in
Arab educational settings. Ndihokubwayo et al. (2020)
compared usual instruction with PhET- or video-supported
optics teaching in Rwandan secondary schools.
Uwamahoro et al. (2021) examined conceptual
understanding of geometric optics, including persistent
difficulties with lens images. In Morocco, Ben Ouabhi et al.
(2021) studied PhET-supported learning of Ohm’s law,
while Ben Ouabhi et al. (2022) investigated teachers’ views
and implementation barriers. These studies establish
relevant precedents, although they do not directly answer
questions about ninth-grade mirror instruction in Libya.
The present article examines archived pre-test and post-
test summaries for two Libyan classes taught over one
academic semester. Its contribution is limited to
documenting the recorded classroom pattern and assessing
the internal consistency of the available statistics. Because
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there is one class per condition and the scoring records
cannot be reconstructed, the study cannot estimate an
independent intervention effect or establish the validity of
the unusually large recorded differences.

2. LITERATURE REVIEW

2.1 Evidence on PhET and physics learning

The literature includes favorable findings across several
physics topics, but the designs and outcomes differ. Banda
and Nzabahimana (2023) studied oscillations and waves
among Malawian secondary students. Almadrones and
Tadifa (2024) examined PhET-supported general physics
instruction in the Philippines. Batuyong and Antonio
(2018) investigated simulation activities in
electromagnetism. These studies provide a rationale for
investigating simulations, rather than a basis for assuming
a particular result in Libyan optics classes.

Evidence is not uniformly strong. Yunzal and Casinillo
(2020) described only slight improvement in an
electrodynamics study. Fadillah et al. (2026) synthesized
47 effect sizes from 20 studies and reported an overall
standardized difference of 0.83. Their synthesis supports
examining contextual variation, but its pooled estimate
cannot validate an individual dataset or justify an extreme
local estimate. Differences in topics, instruments, and
designs must be considered when comparing findings.

2.2 Guidance and learning with representations

Simulation-based inquiry can involve prediction,
manipulation of variables, and comparison of
representations. Srisawasdi and Panjaburee (2015)
examined inquiry learning with formative assessment,
while Ceberio et al. (2016) investigated interactive
simulations in university physics problem solving. Earlier
work also examined simulation use before laboratory
inquiry and comparisons between physical and virtual
experimentation (Zacharia & Anderson, 2003; Zacharia &
Olympiou, 2011). These contributions concern broader
instructional arrangements; they should not be treated as
direct evidence that a particular mechanism operated in the
present classes.

2.3 Prior work on optics and the regional context

Research on image formation shows why achievement
in optics needs conceptual assessment. Goldberg and
McDermott (1987) found that ray-tracing procedures did
not necessarily imply an ability to explain an actual lens or
mirror system. Ndihokubwayo et al. (2020) assessed
geometric optics in 136 students across six Rwandan
secondary schools, comparing usual instruction, PhET-
supported instruction, and video-supported instruction.
Their PhET condition used teacher presentation without
student manipulation, an important difference from the
intended  small-group  activities described here.
Uwamahoro et al. (2021) also found that conceptual
outcomes differed across optics topics and resources. A
total achievement score alone therefore cannot identify
which misconceptions changed.

Regional studies address different outcomes and
designs. Ben Ouahi et al. (2021) examined Ohm’s law
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achievement among 182 Moroccan middle-school
students in six classes, three per condition. They reported
higher post-test performance in the simulation condition.
This provides a closer regional achievement comparison,
although its electrical content and design limit transfer to
Libyan optics instruction. Ben Ouahi et al. (2022), by
contrast, surveyed 114 science teachers about use,
perceived value, and barriers; those perceptions are
implementation evidence rather than achievement
measurements. The present contribution is a local
descriptive record, not a claim that optics or Arab
simulation research is absent.

2.4 Research questions and exploratory expectations

The research questions are: (1) What pre-test and post-
test means and standard deviations are recorded for each
class? (2) What within-class changes and between-class
contrasts follow from those displayed means? (3) Are the
archived statistics internally consistent enough to support
interpretation of their magnitude?

Two directional expectations guide description: HI,
both classes will have higher recorded post-test than pre-
test means; and H2, the PhET class will have a larger
recorded mean gain than the comparison class. These are
exploratory expectations formulated for this reassessment,
not preregistered confirmatory hypotheses. They are
assessed descriptively; no null-hypothesis test is used to
infer an intervention effect.

3. METHODOLOGY

3.1 Design and unit of comparison

The original classroom study used a nonrandomized
pre-test/post-test comparison involving two intact ninth-
grade classes. One received guided PhET-supported
instruction and the other conventional instruction. The
present reassessment uses only the surviving aggregate
summaries. It is therefore reported as a descriptive analysis
of a two-class quasi-experiment.

Instruction was allocated at class level, giving two
clusters and only one cluster per condition. Students in a
class share instructional and peer environments. Treating
all 30 students as independent intervention replications
would ignore this structure. Class and condition are
inseparable, and teacher-related or scheduling influences
cannot be disentangled from the instructional package.
Neither an individual-level t test nor a multilevel model
can identify a separate intervention effect from these two
class summaries. Accordingly, no p values, intervention
confidence intervals, or inferential effect-size claims are
reported.

3.2 Participants and setting

The archived account identifies 30 ninth-grade students
in a public school in Misurata Province, Libya, during the
2025/2026 academic year. Each intact class contained 15
students. Instruction extended over one academic
semester. The available materials do not specify the
number or length of lessons, exact testing dates,
attendance, or whether the same teacher taught both
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classes. Equivalence in instructional time, teacher input,
and test administration therefore cannot be verified.

3.3 Content and instructional conditions

The unit addressed mirrors and image formation,
including image position and orientation, real and virtual
images, and ray diagrams. The archived description states
that the PhET class used guided small-group activities:
students varied object position, recorded observations on
worksheets, discussed explanations, and received teacher
clarification. The comparison class studied the same
content using teacher explanation, board work, and
standard lesson materials without PhET.

This description identifies the intended instructional
sequence, not verified implementation fidelity. No
observation records, interviews, interaction logs, or
systematic fidelity measures are available. The simulation
version, worksheet text, and student exposure time are not
preserved in the materials examined. Software use,
worksheets, group discussion, and teacher facilitation form
a combined package whose components cannot be
evaluated separately.

3.4 Achievement measure and data availability

The original account describes a 12-item multiple-
choice achievement test reviewed by subject specialists for
content relevance and grade suitability. Such review
addresses content relevance but does not establish score
reliability or construct validity. The available record
contains group means, standard deviations, sample sizes,
and earlier test statistics for transformed scores. It does not
contain de-identified individual pre/post scores, item
responses, a scoring key, the scale range, or the
transformation rule.

Consequently, the scores cannot be interpreted as counts
out of 12, percentages correct, or validated mastery levels.
Reliability, item characteristics, ceiling effects, score
distributions, missingness, and pre/post matching cannot
be independently checked. The original mean and standard
deviation summaries are retained as recorded; their
accuracy is not established by repeating the calculations.
Individual data and the transformation rule are
unavailable, so a full reanalysis cannot be performed.

3.5 Descriptive calculations and consistency audit

For each class g, the mean gain G is calculated from the
displayed post-test and pre-test means M using (1). The
descriptive gain contrast is then calculated using (2), where
E denotes the PhET class and C the comparison class. Both
calculations use the rounded means in Table 1 and assume
that the recorded scores share a comparable metric.

Gg = Mg,post - Mg,pre (1)

Dg = Gg — G )

The standardized post-test gap is inspected only as a
scale diagnostic. The pooled within-class standard
deviation is calculated using (3), with n denoting class size
and s? each recorded post-test variance. Division of the
post-test mean gap by this pooled standard deviation gives
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the descriptive ratio R in (4). This ratio is not an adjusted
or validated intervention effect.

_  |@E—Dsg? + (nc — Dsc?
Sp - \/ ng+nc—2 (3)
R — ME,post - MC,post (4)
Sp

To examine the paired summaries, the standard
deviation of individual changes sA is reconstructed
algebraically from the earlier paired t statistic using (5),
where AM is that record’s mean change and n = 15. The
implied pre/post correlation r is then obtained from the
variance identity in (6). The earlier t statistics are retained
solely as audit inputs; they are not used for significance
testing or intervention inference.

Vn|aM|
Sp = (%)
Itl
r = Sprez + Spostz —sp? (6)
2SpreSpost

All derived values are approximate because the inputs
are rounded. As a sensitivity check, each displayed two-
decimal SD, paired mean difference, and absolute t value
was allowed to vary by +0.005, assuming conventional
rounding to nearest. Conservative interval arithmetic
applied to (5) and (6) bounds the implied correlations.
These are rounding bounds, not confidence intervals, and
they do not account for transcription, matching, or scoring
errors. No individual scores are reconstructed or imputed.

3.6 Ethics and reporting

This reassessment reports only aggregate summaries
and includes no student identifiers. The materials available
do not document a formal ethics approval reference, school
authorization, parental permission, or student assent
procedures, so those procedures cannot be verified from
the archive. No retrospective approval or consent claim is
made. Any further use of student records must follow
applicable institutional requirements and appropriate
privacy safeguards.

4. RESULTS

4.1 Recorded achievement summaries

Table 1 presents the recorded sample sizes, means, and
standard deviations. The pre-test difference was 1.34
points in favor of the PhET class; this does not establish
baseline equivalence. At post-test the recorded mean gap
was 28.13 points. These are comparisons between the two
observed classes, conditional on the accuracy and
comparability of the archived metric.
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TABLE 1. Recorded pre-test and post-test summaries

TABLE 3. Audit of the earlier paired summaries

Note. SD = standard deviation. Values are reproduced from the
archived summaries on an undocumented transformed metric. Its
range and relationship to the 12-item test cannot be verified.

4.2 Changes derived from displayed means

Table 2 gives the arithmetic contrasts from (1) and (2).
The PhET class’s recorded mean gain was 31.13 points
and the comparison class’s was 4.34 points, giving a
descriptive gain contrast of 26.79 points. The direction
accords with H1 and H2 in these summaries; no hypothesis
is accepted or rejected statistically.

TABLE 2. descriptive contrasts from the displayed means

Quantity Calculation Points
PhET mean gain 49.00 — 17.87 31.13
Comparison mean gain 20.87 —16.53 4.34
Pre-test gap 17.87-16.53 1.34
Post-test gap 49.00 —20.87 28.13
Gain contrast 31.13-434 26.79

Note. Gaps and the gain contrast are PhAET minus comparison. All
values use the displayed rounded means and are descriptive,
without inferential uncertainty estimates.

The earlier paired summary reports a comparison-class
gain of 4.33 points, yielding the previously stated gain
contrast of 26.80 points. Subtraction of the displayed
means gives 4.34 and 26.79 instead. The 0.01-point
differences may reflect rounding from unreported
precision, but this cannot be checked. The revised
descriptive tables consistently use displayed-mean
arithmetic; the audit below explicitly uses the earlier
paired summary’s own 4.33-point input.

4.3 Internal consistency and magnitude

Equations (3) and (4) give a pooled post-test SD of
approximately 2.572 and a standardized gap of 10.94
within-class SDs. This exceptional ratio is a reason to
investigate the measurement and records. It is not evidence
of exceptional instructional effectiveness. A common
positive linear transformation of all scores would preserve
both this standardized ratio and the pre/post correlations;
the fact that scores were transformed does not by itself
explain the unusual pattern.

Table 3 shows the audit based on (5) and (6). The earlier
paired summaries imply a pre/post correlation of
approximately —0.787 in the PhET class and +0.879 in the
comparison class. These are algebraic implications of the
archived summaries, not correlations calculated from
individual observations.

https://jsras.rcc.edu.ly/

Class Test n Mean SD Class |AM]| t] Implied sA Implied r
PhET Pre-test 15 17.87 242 PhET 31.13 24.19 4.984 —0.787
PhET Post-test 15 49.00 2.85 Comparison 433 15.08 1.112 +0.879
Comparison Pre-test 15 16.53 2.26 Note. n = 15 per class. Pre/post SD inputs are those in Table 1.

) Absolute paired mean differences and t values are archived audit
Comparison Post-test 15 20.87 2.26 inputs, not valid tests of the intervention. Derived values are

approximate.

The opposing implied correlations are mathematically
possible but unusual. Conditional on accurate paired
summaries, the negative value indicates a negative linear
association between individual pre-test and post-test
scores in the PhET class. It does not show that every
initially higher-scoring student subsequently scored lower.
Pre/post matching, transcription, scoring, and consistency
of the records and metric need checking. No explanation
can be selected without the underlying data.

The rounding sensitivity check gives conservative
correlation bounds of [-0.796, —0.779] for the PhET class
and [0.870, 0.888] for the comparison class. The opposite
signs therefore persist under the stated rounding
assumption; two-decimal rounding alone cannot explain
them. This calculation narrows one possible explanation
but does not validate the archive or establish the cause of
the pattern. The data-provenance concern remains
unresolved.

4.4 Visual summary

Fig. 1 provides a visual summary of the four recorded
means. The plot has no inferential error bars and
contributes no independent evidence beyond Table 1.

iscalod poczta)

Figer. 1. Recorded mean scores before and after instruction

5. DISCUSSION

5.1 Interpretation within the design

The archived summaries record increases in both
classes, with a larger increase in the PhET class. This
answers the descriptive questions about direction, but
neither the source of the difference nor its magnitude is
validated. With one class in each condition, the
instructional package cannot be separated from class
composition, classroom conditions, or teacher-related
influences. The inference is further restricted by the
undocumented scoring metric and the audit findings.
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The 26.79-point gain contrast is an arithmetic
comparison, not a causal difference-in-differences
estimate. Baseline adjustment would not remove complete
class-condition confounding, even if individual scores
were recovered. The very large standardized gap and
unusual implied correlations make stronger claims
inappropriate until the records can be checked.

5.2 Hypotheses about possible learning processes

Several mechanisms could be investigated in a future
study. One hypothesis is that manipulating object position
while inspecting image changes helps students connect ray
diagrams with spatial relationships. Another is that
prediction and explanation prompts encourage students to
compare their initial ideas with observations. A third is that
peer discussion creates opportunities to articulate and
revise explanations. Research on representations and
inquiry provides a rationale for examining such processes
(Ceberio et al., 2016; Srisawasdi & Panjaburee, 2015).

None of these mechanisms was measured here. There
are no observation, interview, interaction-log, or fidelity
data showing that students used the intended processes or
that those processes accounted for their scores.
Worksheets, teacher attention, and group work could also
matter. The recorded differences therefore do not establish
reduced representational ambiguity, peer correction, or
any other proposed mediator.

5.3 Relationship to previous research

Prior PhET studies motivate further investigation but
cannot verify the present archive. The recorded direction
resembles favorable findings in some studies, including
Banda and Nzabahimana (2023), while the extreme
magnitude requires scrutiny. The standardized gap of
10.94 here is an unaudited ratio from two class summaries,
not an effect estimate directly comparable with the pooled
standardized result in Fadillah et al. (2026). Differences in
design, scoring, and analysis prevent an interpretation that
the present teaching package outperformed interventions
in the wider literature. Yunzal and Casinillo (2020) also
illustrate that reported outcomes are not uniformly large.

The optics literature emphasizes conceptual assessment
(Goldberg & McDermott, 1987; Ndihokubwayo et al.,
2020; Uwamahoro et al., 2021). Regional achievement
research and teacher surveys likewise provide distinct
kinds of evidence (Ben Ouahi et al., 2021; Ben Ouabhi et
al., 2022). These studies inform the design of future
Libyan classroom research; they do not resolve this
report’s missing scoring information or class-condition
confounding.

5.4 Implications for further classroom investigation

The descriptive record identifies questions for further
classroom investigation. A future study could test the
hypothesis that guided simulation activities improve
students’ coordination of ray diagrams and image
properties when content, lesson time, worksheets, and
assessment conditions are comparable across replicated
classes. Observations, task logs, and explanation
assessments would be needed to examine whether
guidance and peer discussion contribute. These are

https://jsras.rcc.edu.ly/

VOL.3, NO. 2, JUNE 2026

hypotheses for testing, not mechanisms demonstrated by
the present study. No conclusions about cost-effectiveness,
laboratory substitution, or institutional investment follow
from this archive.

5.5 Limitations

The main limitations concern design and data
provenance. Two intact classes in one school provide no
replication of either instructional condition. The small
sample and undocumented lesson exposure further restrict
generalization. Missing individual and item-level records
prevent checks of matching, distributions, reliability,
missing data, and scoring. The scale transformation is
unknown, so absolute score meaning and comparability
cannot be established.

The unusual standardized gap and opposing implied
correlations remain unexplained. The rounding check
excludes ordinary two-decimal rounding as the sole
explanation under its stated assumptions; it does not rule
out transcription, matching, or scoring problems.
Removing inferential tests does not validate the
summaries. There was no delayed assessment, and
learning processes and fidelity were not measured. Ethics
and consent documentation are also unavailable in the
examined materials. The findings remain a provisional
description of recorded class summaries.

6. CONCLUSION

The archived summaries show larger recorded end-of-
instruction mean gains in the PhET class than in the
comparison class. However, complete class-condition
confounding, unavailable individual records and scoring
rules, and unresolved statistical anomalies prevent
validation of the magnitude or attribution of the
differences to PhET. Ordinary rounding alone does not
explain the opposing implied correlations under the
assumptions examined. The report supports a need for a
documented replication, not a conclusion about
instructional effectiveness.

7. RECOMMENDATIONS

The immediate priority is a verifiable data record.
Future studies should preserve de-identified linked
pre/post scores, item responses, scoring keys,
transformation rules, and an analysis log, alongside
documented ethics and consent procedures. If original
records are recovered, the extreme gap, student matching,
and implied correlations should be checked before further
inference.

Replication should include multiple classes per
condition and, where feasible, random assignment of
classes. Sample planning and analysis should account for
clustering, with adequate replication across teachers and
schools. Transparent instruments, equivalent instructional
exposure, and a delayed post-test would strengthen
assessment of achievement and retention. Observations or
task logs would allow hypotheses about guidance and peer
explanation to be tested. Classroom adoption decisions
should draw on this broader evidence rather than the
magnitude reported in the present archive.
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