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Abstract

Background
Lighter skin tones are overrepresented in medical educational imagery across several disciplines, yet no
study has examined optometric teaching materials. This study describes the distribution of apparent
skin tone rendering in recommended undergraduate optometric textbooks used in England.

Methods
A descriptive, cross-sectional content analysis was conducted on 28 textbooks identified through
purposive sampling of recommended reading lists from eight of eleven English university optometry
programmes. Two independent mixed-composition teams classified 1,623 gradable graphics (1,446
photographs, 177 schematics) on the six-point Fitzpatrick skin phototype (FP) scale. Inter-rater reliability
was assessed using quadratically weighted Cohen's kappa. Proportions are reported with 95% Wilson
confidence intervals. Textbook-level analyses were also performed, treating the textbook as the unit of
analysis. Descriptive comparisons with the 2021 Census are presented as contextual, not normative,
benchmarks; no inferential hypothesis tests were conducted against the census comparator.

Results
Quadratically weighted kappa was 0.69, indicating substantial agreement on the ordinal scale, while
unweighted exact agreement (61.8%) reflected moderate category-by-category concordance. Across all
graphics, 78.1% were classified as light (FP I-II; 95% CI 76.1–80.1%), 18.4% as intermediate (FP III-IV;
95% CI 16.6–20.4%), and 3.5% as dark (FP V-VI; 95% CI 2.7–4.5%). Fourteen of 28 textbooks (50%)
contained no images classified as FP V-VI, and no schematic diagram across the corpus was classified
as FP V-VI (0/177). At the textbook level, median FP V-VI prevalence was 0.9% (IQR 0.0-3.8%),
substantially below the census contextual comparator of 18.95% non-White. Findings were robust to
exclusion of the single largest contributing text and restriction to books with ten or more gradable
images (photographs plus schematics).

Conclusions
In this sample of recommended optometric textbooks, graphics classified as depicting dark skin tones
are rare. The finding is consistent across textbooks and robust to analytical choices. These data
describe a pattern that warrants attention from publishers, educators, and curriculum developers, though
the study does not directly assess educational outcomes or establish a normative standard of adequate
representation.
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Background
Visual imagery is a cornerstone of clinical training in medicine and its allied professions, including
optometry. Educational graphics serve as tools through which clinicians learn to recognise and interpret
disease presentations [1]. A well-documented tendency towards lighter skin tone depiction exists across
medical educational resources, with potential implications for diagnostic training, clinical competence,
and health equity [2, 3].

International research has established the existence of this representational pattern. In the United
States, Louie and Wilkes [4] demonstrated that while major anatomy textbooks approximated the US
racial demographic composition at an aggregate level, no individual textbook achieved proportional
representation. Subsequent studies confirmed the pattern across specialties: dermatology textbooks
showed marked predominance of lighter skin tones [5–7, 31], with similar observations documented in
surgery [8, 9], gynaecology [10], and rheumatology [11]. Recent multi-modal analyses of anatomy atlases
have extended these findings to schematic illustrations [12, 13]. Broader reviews have also identified
curricular gaps in medical education on skin of colour [23].

This representational pattern may have clinical consequences, although the evidence base is indirect. A
lack of educational exposure to disease presentations across the spectrum of skin tones has been
associated with reduced diagnostic accuracy in dermatology assessments [14, 15]. Whether similar
effects apply in optometry - where conditions such as conjunctival melanosis, anterior uveitis, and lid
lesions can present differently across the pigmentation spectrum - remains unstudied.

Two recent studies have examined skin tone representation in ophthalmology textbooks. Cheng, Curley
and Barmettler [16] analysed three leading US ophthalmology textbooks and found that 92.1% of 2,305
images depicted lighter skin tones (Fitzpatrick I-IV). Cooper, Li and Passby [17] conducted the first UK-
based evaluation, analysing four core ophthalmology texts, and found that 86.5% of images were
classified as Fitzpatrick types I-III. Within the UK, Gunowa et al. [18] found that undergraduate nursing
teaching materials for pressure injuries lacked skin tone diversity.

No study has examined optometric educational materials in any jurisdiction. This is a notable gap given
that optometrists serve as first-contact clinicians for ocular conditions whose clinical signs may
manifest differently across the pigmentation spectrum.

This study describes the distribution of apparent skin tone rendering in recommended undergraduate
optometric textbooks used in England. The objectives are: (1) to quantify the distribution of Fitzpatrick-
coded skin tones across textbook graphics, (2) to compare observed proportions descriptively with
national demographic data as a contextual reference point, and (3) to evaluate differences between
photographs and schematic diagrams. The study does not seek to establish a normative standard for
adequate representation, nor does it assess downstream educational outcomes.

Methods
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Study design
This study was designed as a descriptive, cross-sectional content analysis of imagery in textbooks
recommended for undergraduate optometry programmes in England. As the study analysed publicly
accessible educational materials formal ethical approval was not required.

Textbook sampling and selection
A purposive sampling strategy was employed. All eleven universities in England offering an
undergraduate optometry degree, as listed by the Universities and Colleges Admissions Service (UCAS)
for the 2022-23 academic year, were invited to share their recommended reading lists. Eight institutions
provided data (response rate 72.7%). Three non-responding institutions were not systematically
compared with respondents, and the sample may therefore not capture all texts in current use across
England.

A textbook was included if it appeared on the recommended reading list of at least two responding
universities. This threshold was chosen to balance inclusivity against idiosyncratic local
recommendations, though we acknowledge its arbitrariness: a text used intensively at one institution but
absent from another's list would be excluded. The strategy yielded 28 textbooks spanning clinical
ophthalmology, optometric practice, anatomy, physiology, and pharmacology. No weighting was applied
for curricular centrality, frequency of student consultation, or assessment relevance; the corpus
therefore represents nominated texts, not verified exposure.

Operational definition: graphic identification and classification
All graphics depicting identifiable human skin were extracted and classified as either photographic
images or schematic diagrams (including anatomical illustrations, line drawings, and diagrammatic
representations). A graphic was considered to depict 'identifiable human skin' if a visible area of skin
was present sufficient for a coder to form a judgement about apparent tonal rendering. Graphics were
excluded as ungradable if: the image was in greyscale, the skin area was too small or obscured for
reliable classification, the skin was partially occluded by medical devices, or the image quality was
insufficient. A total of 1,642 graphics were identified, of which 19 (1.2%) were excluded as ungradable,
yielding 1,623 gradable graphics (1,446 photographs, 177 schematics).

Duplicate images appearing in multiple chapters of the same textbook were counted once. Where the
same image appeared across different textbooks, it was counted once per textbook, because the unit of
interest is textbook content rather than unique images. Edition standardisation was not performed: the
most recent edition available through each university's library system was used.

Skin tone classification instrument
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The six-point Fitzpatrick skin phototype (FP) scale [22] was used for classification. This scale was
originally designed to categorise UV sensitivity and erythemal response, not to measure visible skin
colour or racialised appearance in educational imagery. Its use here as a proxy for apparent skin tone
rendering requires explicit justification and qualification.

The primary justification for retaining the Fitzpatrick scale is comparability: it is the metric used
consistently by Louie and Wilkes [4], Adelekun et al. [7], Cheng et al. [16], and Cooper et al. [17], and its
adoption here permits direct cross-study comparison. However, its construct validity for the present
purpose is limited. When coders assign a Fitzpatrick grade to a textbook image, they are not assessing
UV photobiology; they are making a perceptual judgement about apparent tonal rendering in a visual
artefact. For schematic diagrams, this distinction is particularly salient: illustrations are editorial
products, not biological phenotypes, and the assignment of Fitzpatrick grades to schematics should be
understood as a coding convenience rather than a measurement of phototype.

The study therefore measures perceived tonal rendering in educational graphics using the Fitzpatrick
scale as an ordinal coding framework, not as a biological measurement instrument. Misclassification is
possible in both directions, particularly at the boundaries between adjacent grades. The known
limitations of the Fitzpatrick scale for darker skin tones [26, 27] may further reduce precision at the
upper end of the scale. Alternative frameworks, such as the Monk Skin Tone Scale [28] and the Taylor
Hyperpigmentation Scale [30], offer finer gradations and may be more appropriate for future work, but
were not available in validated form at the time of data collection.

Coding procedure and inter-rater reliability
Data extraction and classification were performed independently by two pre-assigned pairs of two
researchers (four coders in total). Teams were balanced to include researchers self-identifying with at
least two distinct ethnic backgrounds, a deliberate design choice intended to mitigate the risk of
systematic bias in skin tone perception. We acknowledge that this compositional strategy, while
methodologically motivated, does not guarantee perceptual equivalence and should not be interpreted
as implying that ethnic background determines coding accuracy.

Prior to data collection, all four researchers undertook a calibration exercise using a set of 30 reference
images spanning the full Fitzpatrick range. The reference set was assembled by convenience from
exemplar images in published sources and was not independently validated; with five images per grade
across a six-grade ordinal scale, the calibration set is small relative to the known heterogeneity of darker-
tone exemplars and may be insufficient to span the full practical range at FP V-VI. Coders were not
blinded to the study hypotheses - a limitation inherent to the study design - but were instructed to
classify each image based on apparent skin tone alone, without reference to clinical content.

Coding was performed on digital images viewed on calibrated laboratory monitors at standardised
brightness settings (luminance approximately 120 cd/m², sRGB colour profile). The use of physical
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textbook copies was avoided to ensure consistent display conditions, though differences in image
rendering between ebook and print formats were not assessed.

Disagreements between teams were resolved through a moderated consensus process. Moderation
rules were prespecified: where teams disagreed by one grade, the higher (darker) grade was adopted as
a conservative default; where teams disagreed by two or more grades, a joint review was conducted.
This rule has a known directional consequence: 1-grade disagreements at the FP IV/V boundary are
resolved in favour of FP V, so the reported FP V-VI prevalence is, if anything, biased upwards relative to a
no-moderation alternative; the substantive finding that dark-tone graphics are uncommon is therefore
conservative under this rule. All analyses used moderated (consensus) scores. Inter-rater reliability was
assessed on the pre-moderation paired grades using Cohen's kappa (unweighted and quadratically
weighted) on the full six-point scale.

Contextual demographic comparison
The 2021 ONS Census for England reported that 81.05% of the population identified as White and
18.95% identified with other ethnic groups [19]. This figure is used as a contextual comparator - not a
normative benchmark or quasi-ground-truth denominator. The mapping between Fitzpatrick phototype (a
phenotypic UV-sensitivity construct) and census-based ethnic self-identification (a social construct) is
conceptually imprecise: these are different constructs measuring different dimensions, and the
correspondence is approximate at best. The comparison is retained because it is the standard approach
in the published literature [4, 7, 16, 17] and provides a useful, if imperfect, contextual reference point.
Readers should interpret census comparisons as indicative rather than definitive.

Statistical analysis
Descriptive statistics report absolute frequencies and proportions with 95% Wilson score confidence
intervals. The primary unit of reporting is the textbook (n = 28), with image-level data presented as
supporting detail. Book-level summaries include medians, interquartile ranges, and the proportion of
books containing zero FP V-VI images. Book-level proportions and the ≥ 10 gradable image inclusion
threshold were computed using total gradable images per textbook (photographs plus schematics); the
supplementary workbook accompanying this manuscript currently lists photograph-level aggregate
counts per book, and per-book schematic counts are noted in the manuscript table only. No a priori
power calculation was performed: this is a descriptive content analysis aimed at characterising the
available corpus rather than testing a prespecified hypothesis at a target power.

To assess the potential impact of image clustering within textbooks, we computed the intraclass
correlation coefficient (ICC) for FP V-VI classification and derived the design effect as DEFF = 1 + (mean
cluster size − 1) × ICC. The effective sample size was estimated as n / DEFF. Consistent with the
descriptive framing of the study, book-level FP V-VI proportions are reported as descriptive statistics
(mean, median, IQR, with 95% Wilson confidence intervals for proportions); we did not conduct inferential
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hypothesis tests against the 2021 Census comparator, because that comparator is treated as a
contextual reference point rather than a falsifiable population parameter (see Discussion).

Sensitivity analyses excluded: (1) the single largest contributing text, and (2) books with fewer than ten
gradable images (photographs plus schematics). Image-level proportions are reported with 95% Wilson
confidence intervals; no inferential goodness-of-fit tests against the census comparator are reported,
consistent with the descriptive framing. Between-textbook heterogeneity in FP V-VI proportions is
described by the range, median, and interquartile range across the subset of textbooks with ≥ 10
gradable images.

Results

Inter-rater reliability
The two teams showed exact agreement on 61.8% of 1,623 images when scored on the full six-point
scale, rising to 90.4% within one grade. Quadratically weighted Cohen's kappa was 0.69 (95% CI 0.66–
0.72), indicating substantial agreement on the ordinal scale; the unweighted exact agreement of 61.8%
reflects moderate category-by-category concordance, a distinct property that reflects the inherent
subjectivity of placing images into one of six adjacent ordinal categories. Linearly weighted kappa was
0.53. These values are consistent with published reliability estimates for Fitzpatrick classification in
educational settings.

Overall distribution of apparent skin tones
Table 1 and Fig. 1 present the full Fitzpatrick grade distribution across graphic types.

 
Table 1

Distribution of Fitzpatrick grades across graphic types (moderated scores, n = 1,623).
Graphic type FP I FP II FP III FP IV FP V FP VI Total

Photographs 832
(57.5%)

266
(18.4%)

217
(15.0%)

75
(5.2%)

33
(2.3%)

23
(1.6%)

1,446

Schematics 167
(94.4%)

3 (1.7%) 4 (2.3%) 3 (1.7%) 0 (0.0%) 0 (0.0%) 177

Total 999
(61.6%)

269
(16.6%)

221
(13.6%)

78
(4.8%)

33
(2.0%)

23
(1.4%)

1,623

Footnote: trichotomy groupings used elsewhere in the manuscript are defined as light = FP I-II,
intermediate = FP III-IV, dark = FP V-VI.

Using the primary trichotomy, 78.1% of all graphics (95% CI 76.1–80.1%) were classified as light (FP I-II),
18.4% as intermediate (FP III-IV; 95% CI 16.6–20.4%), and 3.5% as dark (FP V-VI; 95% CI 2.7–4.5%).
Fitzpatrick Grade I alone accounted for 61.6% of all images.
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At the textbook level, the median proportion of FP V-VI images was 0.9% (IQR 0.0-3.8%; mean 2.4%, SD
3.4%). Fourteen of 28 textbooks (50%) contained no images classified as FP V-VI. The book-level mean
of 2.4% (95% CI for mean proportion: 1.2–3.7%) sits 16.5 percentage points below the 2021 Census
contextual comparator of 18.95%; all 28 textbooks recorded an FP V-VI proportion below this contextual
reference.

FP V-VI prevalence varied markedly between textbooks (range 0% to 14.3%; IQR 0.0-3.8%), and 14 of 28
textbooks contained zero FP V-VI images. The intraclass correlation was small (ICC = 0.006). Using n = 
1,623 with a mean cluster size of 1,623 / 28 ≈ 58.0, the design effect DEFF = 1 + (mean cluster size − 1) ×
ICC ≈ 1.34, giving an effective sample size of approximately 1,210.

Photographs versus schematic diagrams
In photographs (n = 1,446), 75.9% were classified as light (FP I-II; 95% CI 73.7–78.1%), 20.2% as
intermediate (FP III-IV), and 3.9% as dark (FP V-VI; 95% CI 3.0–5.0%). In schematics (n = 177), 96.0%
were classified as light (95% CI 92.1–98.1%), 4.0% as intermediate, and 0.0% as dark (95% CI for zero
proportion: 0.0-2.1%). No schematic diagram across the entire 28-textbook corpus was classified as FP
V or FP VI.

Contextual comparison with national demographics
Using the standard clinical dichotomy (FP I-IV vs FP V-VI), image-level FP V-VI prevalence was 3.5% (95%
CI 2.7–4.5%), 15.5 percentage points below the census comparator of 18.95% (95% CI for difference:
−16.4 to − 14.6 pp). Table 2 presents the contextual comparison under both classification thresholds.
Figure 2 illustrates how the choice of classification threshold alters the direction of findings.

 
Table 2

Contextual comparison with 2021 Census under two classification thresholds.
Classification Graphic type Observed (95% CI) Census Direction

FP I-IV vs V-VI Photographs 3.9% (3.0–5.0%) 18.95% Below

FP I-IV vs V-VI Schematics 0.0% (0.0-2.1%) 18.95% Below

FP I-II vs III-VI Photographs 24.1% (21.9–26.4%) 18.95% Above

FP I-II vs III-VI Schematics 4.0% (1.9–7.9%) 18.95% Below

When the alternative dichotomy (FP I-II vs FP III-VI) was applied, photographs showed a higher
proportion of FP III-VI skin tones (24.1%; 95% CI 21.9–26.4%) than the census comparator, while
schematics remained below (4.0%; 95% CI 1.9–7.9%). This divergence illustrates the sensitivity of
conclusions to the chosen classification threshold and underscores the importance of transparent
threshold reporting.

Sensitivity analyses
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Kanski's Clinical Ophthalmology contributed 538 of 1,623 gradable graphics (33.1%). Excluding this text,
FP V-VI prevalence was 3.2% (95% CI 2.3–4.4%) compared with 3.5% overall. Restricting to the 19
textbooks with at least ten gradable images (photographs plus schematics) yielded FP V-VI prevalence
of 3.5% (95% CI 2.7–4.6%). Both sensitivity analyses confirmed the robustness of the primary findings.
Figure 3 provides a composite visual summary, and Fig. 4 displays book-level FP V-VI prevalence.

Discussion

Principal findings
This study provides a descriptive quantification of apparent skin tone rendering in recommended
undergraduate optometric textbooks used in England. The principal finding is a pronounced
concentration of imagery at the lighter end of the Fitzpatrick scale: across 1,623 gradable graphics in 28
textbooks, 78.1% were classified as FP I-II, and only 3.5% as FP V-VI. Half of all textbooks contained no
images classified at the darkest end of the scale. At the textbook level, the median FP V-VI proportion
was 0.9%, substantially below the 18.95% non-White population share in the 2021 Census - though the
limitations of this comparison are substantial and are discussed below.

The construct validity problem
The most important methodological caveat concerns the relationship between the measurement
instrument and the construct of interest. This study uses the Fitzpatrick skin phototype scale - originally
designed to assess UV sensitivity - as a coding framework for apparent tonal rendering in educational
images. These are not the same construct. When a coder classifies a textbook photograph as FP III, they
are not determining the depicted individual's erythemal response; they are making a perceptual
judgement about how skin colour appears in a particular image under particular display conditions. For
schematics, the gap between instrument and construct is even wider: the skin tone of an illustration is
an editorial artefact, not a biological attribute.

This limitation does not invalidate the study, but it does constrain the precision with which the findings
should be interpreted. The data describe a distribution of coded apparent tonal rendering, not a
distribution of phototypes. The Fitzpatrick scale was retained for comparability with the existing
literature [4, 7, 16, 17], but readers should note that the known limitations of this scale for darker skin
tones [26, 27] may compress the upper end of the distribution, potentially underestimating the true tonal
range present in the imagery.

The sensitivity of findings to classification threshold
A notable finding is the demonstration that the choice of classification threshold substantially alters the
direction of the census comparison. Using the standard clinical dichotomy (FP I-IV vs FP V-VI), the
corpus appears to underrepresent darker tones relative to the census. Using the alternative dichotomy
(FP I-II vs FP III-VI), photographs appear to overrepresent the FP III-VI group. These contrasting
conclusions from the same dataset underscore the instability of threshold-dependent inferences and
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argue for reporting the full six-grade distribution in future studies, enabling readers to apply their own
analytical frameworks.

The census comparison: a contextual heuristic, not a
normative standard
The comparison of Fitzpatrick-coded image proportions with census ethnic self-identification data is a
standard approach in this literature [4, 7, 16, 17], but its conceptual limitations are more serious than is
typically acknowledged. Phenotypic skin appearance, Fitzpatrick phototype, racialised visual perception,
and self-reported ethnicity are distinct constructs that do not map onto one another in a straightforward
way. A person who identifies as White in a census may have skin that a coder classifies as FP IV; a
person who identifies as Asian may be coded as FP II. The census comparison therefore provides a
rough contextual reference point, not a denominator from which representational adequacy can be
precisely judged.

We have accordingly framed the census comparison as contextual throughout this manuscript and have
avoided language implying that 18.95% FP V-VI representation would constitute a correct or sufficient
target. The key finding - that half of textbooks contain zero FP V-VI images and the textbook-level median
is 0.9% - does not depend on any particular benchmark to be informative.

Schematic diagrams: a pattern, not a proven editorial
choice
The complete absence of FP V-VI classification in schematics is a striking pattern. Unlike clinical
photographs, schematics are not constrained by patient availability or clinical presentation; the skin tone
of an illustration is determined by the illustrator and publisher. However, the data demonstrate absence,
not intent. We cannot determine from these data whether the pattern reflects deliberate editorial policy,
unconscious default, production constraints, illustrator convention, or some combination thereof. What
the data do establish is that the pattern exists across all 28 textbooks and that schematics are - by virtue
of their editorial nature - a category of imagery where diversification does not require new clinical
material.

Comparison with adjacent disciplines
The findings are broadly consistent with the published literature in ophthalmology [16, 17], anatomy [12,
13], and dermatology [7]. The observed 3.9% FP V-VI prevalence in photographs is comparable to
patterns reported across these disciplines, suggesting a cross-specialty phenomenon rather than an
optometry-specific problem. The cross-disciplinary consistency strengthens the case for a coordinated
response, though the present study cannot determine whether the mechanisms are shared.

Implications for education
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The study did not assess learners, diagnostic performance, or educational outcomes and therefore
cannot directly establish that the observed representational pattern impairs optometric education.
Evidence from dermatology suggests that curricula dominated by lighter skin imagery may reduce
diagnostic accuracy for darker skin presentations [14, 15], but this finding has not been replicated in
optometry. The present data describe a condition of the educational environment - the representational
composition of recommended textbooks - without establishing its educational consequence. Future
studies should directly assess whether representational diversity in teaching materials is associated
with diagnostic competence across the skin tone spectrum in optometric practice. More broadly,
frameworks for evaluating equitable imagery in preclinical and clinical curricula have been proposed [24]
but have not yet been applied systematically to optometric education.

Policy relevance
The General Optical Council's updated Standards of Practice (effective 1 January 2025) require
registrants to promote equality and value diversity [20]. The GOC's Equality, Diversity and Inclusion
Annual Report [21] further emphasises that educational institutions bear responsibility for inclusive
practices. The Equality Act 2010 imposes a public sector equality duty on universities in England (the
duty applies to public bodies in England, Wales, and Scotland under section 149) [25]. These regulatory
and legal frameworks establish a policy context in which the composition of educational materials is
relevant, though the present data do not establish legal non-compliance, nor do they demonstrate that
any specific institution or publisher has breached a statutory duty. We note the policy context without
drawing legal conclusions.

Strengths and limitations
This study has several strengths: a corpus spanning the majority of English optometry programmes,
systematic classification with dual independent teams, prespecified moderation rules, formal inter-rater
reliability assessment, reporting of confidence intervals and textbook-level analyses, and multiple
sensitivity analyses.

The limitations are substantial and should temper interpretation. First, the Fitzpatrick scale is an
imperfect instrument for the construct of interest, as discussed above. The scale was designed for UV
photobiology, not for assessing the visual diversity of educational imagery, and its six-point ordinal
structure compresses the full range of human pigmentation. The Monk Skin Tone Scale [28] or
automated approaches such as STAR-ED [29] may offer improvements in future work.

Second, images are clustered within textbooks. The intraclass correlation was small (ICC = 0.006, design
effect approximately 1.34), suggesting modest clustering, but the textbook-level analyses are
nevertheless the more appropriate basis for inference and are reported as primary.

Third, the sampling strategy captures recommended texts from eight of eleven universities, but
'recommended' is not equivalent to 'used', 'consulted', or 'assessed'. The corpus may not reflect actual
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student exposure. Three non-responding institutions are unrepresented.

Fourth, the census comparison is conceptually imprecise, as discussed above. It serves as a contextual
reference point, not a normative standard.

Fifth, coding was performed on digital ebook versions under controlled display conditions, but rendering
differences between ebook and print formats were not assessed. Coders were not blinded to study
hypotheses.

Sixth, the moderation process, while prespecified, was not independently validated, and the reliability
statistic (κ = 0.69) reflects pre-moderation agreement, which is moderate to substantial rather than near-
perfect on this scale. The moderated scores may reduce apparent disagreement without necessarily
reflecting ground truth.

Seventh, the study did not assess educational outcomes, learner competence, or patient care effects.
The step from representational description to educational inference requires evidence that this study
does not provide.

Eighth, the moderation rule resolves 1-grade inter-team disagreements in favour of the darker grade as a
prespecified conservative default. This means the reported FP V-VI prevalence is biased upwards relative
to a no-moderation alternative, and the substantive finding that dark-tone graphics are uncommon is
therefore conservative under this rule. A related limitation is the calibration set: 30 reference images (≈ 5
per Fitzpatrick grade) assembled by convenience and not independently validated may be insufficient to
span the practical range of darker-tone exemplars; future replications should use a validated calibration
set or a finer-grained instrument such as the Monk Skin Tone Scale [28].

Finally, the cross-sectional design captures a single academic year; reading lists and textbook editions
change over time.

Conclusions
In this sample of 28 recommended optometric textbooks used in English university programmes,
graphics classified as depicting dark skin tones (FP V-VI) were rare, comprising 3.5% of all gradable
images (95% CI 2.7–4.5%). Half of all textbooks contained no such images. The pattern was consistent
across textbooks, robust to multiple sensitivity analyses, and broadly concordant with findings in
adjacent disciplines. The complete absence of darker-toned classification in schematics identifies a
specific category of imagery where diversification does not require new clinical material.

These findings describe a representational pattern in recommended textbook imagery. Whether this
pattern has consequences for optometric education, clinical competence, or patient outcomes remains
an empirical question for future research. The data provide a baseline against which change can be
measured and a descriptive foundation for discussions about visual diversity in optometric education.

Page 12/19



Abbreviations
CI
confidence interval
DEFF
design effect
FP
Fitzpatrick skin phototype
GOC
General Optical Council
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intraclass correlation coefficient
IQR
interquartile range
ONS
Office for National Statistics
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standard deviation
UCAS
Universities and Colleges Admissions Service
UV
ultraviolet.
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Figures

Figure 1

Distribution of Fitzpatrick skin phototypes by graphic type. Grouped bar chart comparing the proportion of
photographs (n = 1,446) and schematic diagrams (n = 177) classified at each Fitzpatrick grade (I-VI) with
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95% Wilson confidence intervals.

Figure 2

How classification threshold changes the narrative. Diverging bar charts showing deviation of observed
proportions from the 2021 Census contextual comparator (18.95% non-White). Panel A: standard clinical
dichotomy (FP I-IV vs V-VI). Panel B: alternative dichotomy (FP I-II vs III-VI). Bars indicate proportions below
the comparator (left) and above (right).
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Figure 3

Composite visual summary. Panel A: 100% stacked bar chart of the trichotomy distribution (light FP I-II /
intermediate FP III-IV / dark FP V-VI). Panel B: book-level lollipop chart of FP V-VI prevalence with the
18.95% census contextual comparator marked. Panel C: sensitivity analysis with and without the single
largest contributing text and restricted to books with ≥10 gradable images.
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Figure 4

Book-level FP V-VI prevalence (lollipop). Per-textbook FP V-VI proportion against the 18.95% census
contextual comparator, ordered to highlight between-textbook heterogeneity. Fourteen of 28 textbooks
contain zero FP V-VI images.
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