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ABSTRACT
Background: Nursing student ratings of clinical teachers inform faculty development, men-
torship, and accreditation. We applied information theory to quantify the information con-
tent and discriminative capacity of routine nursing teaching evaluation scores, with three 
parallel comparators illustrating how rater-evaluatee relationships modulate compression.
Methods: We analyzed 7,105 evaluations from four instruments at a Chinese university-affil-
iated teaching hospital. The primary analysis focused on nursing student ratings (n = 3,972; 
436 students; 227 nurse educators with ≥ 5 ratings; 44 departments). Comparators: residen-
cy teaching scores (n = 2,271), secretary-to-resident 360 (n = 339), and resident self-assess-
ment 360 (n = 523), all on 0-100 integer scales. We computed normalized Shannon entropy 
(H/H_max), intraclass correlation coefficient ICC(1,1) with F-distribution confidence intervals 
(CIs), and normalized mutual information (NMI). Cluster-aware, coarser-bin (10-category), ze-
ro-score inclusion, and stratified-ICC sensitivity analyses were performed.
Results: For nursing clinical teaching evaluations, the ceiling rate (scores = 100) was 74.8% 
(95% CI: 73.5-76.2%); normalized Shannon entropy was 0.131 (0.122-0.139), retaining 13.1% 
of theoretical information capacity. Teacher-level ICC (1,1) was 0.008 (-0.005 to 0.023); NMI 
= 0.035. Stratified analyses confirmed near-zero discriminability across strata. Comparators 
spanned a wider compression range: residency was more compressed (ceiling 91.6%, H_
norm = 0.084, ICC = 0.065); the two 360 systems showed less compression (H_norm 0.331-
0.494; ICC 0.100-0.280).
Conclusions: Routine nursing student ratings exhibited severe compression and limited sin-
gle-rating discriminability, consistent with limited stand-alone utility for high-stakes individ-
ual-level decisions; they do not preclude use within multi-source evidence frameworks.
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Introduction
Teaching evaluation is a cornerstone of educa-

tional quality assurance in health professions educa-
tion [1]. Ratings of clinical teaching inform faculty 
development, promotion decisions, and institutional 
accreditation, making their validity and informative-
ness a matter of considerable practical importance 
[2,3]. The widespread adoption of standardized eval-
uation instruments, typically employing Likert-type 
or percentage scales, reflects an assumption that 
numerical scores meaningfully capture variation in 
teaching quality [4].

However, a substantial body of literature has doc-
umented a persistent challenge: teaching evaluations 
in medical education are prone to severe ceiling ef-
fects, with mean scores routinely exceeding 4.0 on 
5-point scales and the majority of ratings clustering 
at the highest anchor point [5-7]. Beckman et al. doc-
umented that existing instruments consistently pro-
duce highly skewed distributions [8], Stalmeijer et 
al.  reported that the Maastricht Clinical Teaching 
Questionnaire (MCTQ) required 7-10 student ratings 
per teacher to achieve reliable scores [9], and Kreiter 
and Lakshman showed that restricted range directly 
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undermines reliability [13]. These patterns have been 
observed across diverse instruments, specialties, and 
countries [10, 11].

The consequences of ceiling effects extend be-
yond statistical inconvenience. When scores cluster at 
the maximum, the evaluation system loses its capacity 
to discriminate between educators of varying quality, 
effectively converting an assessment instrument into a 
compliance exercise [12]. This reliability problem has 
practical implications: faculty development programs 
that depend on evaluation scores to identify educators 
in need of support or to recognize excellence cannot 
function when scores fail to vary [14].

Despite widespread recognition of the ceiling ef-
fect problem, most studies have addressed it through 
descriptive statistics alone, reporting mean scores, 
standard deviations, and the percentage of responses 
at the highest anchor [15]. What has been lacking is 
a formal, quantitative framework for measuring ex-
actly how much information an evaluation system 
retains or loses. Information theory, developed by 
Shannon in 1948, provides such a framework [16]. 
Shannon entropy quantifies the information con-
tent of a distribution in bits, and its normalized form 
(H/H_max) expresses the fraction of theoretical in-
formation capacity actually utilized. This framework 
has been applied extensively in ecology, genetics, and 
communication engineering; we are not aware of pri-
or applications in this specific context [17].

Furthermore, while ceiling effects in teaching 
evaluations have been documented primarily in West-
ern medical education contexts, the phenomenon in 
Chinese nursing education remains understudied 
despite the rapid expansion of standardized clinical 
training programs nationally. One hypothesized con-
tributor is the distinct cultural and institutional con-
text: hierarchical relationships between nursing stu-
dents and clinical preceptors and collectivist values 
may amplify rating leniency [18, 19], though we treat 
this as a hypothesis rather than an established cause.

We focus on entropy rather than ceiling rate 
alone because the ceiling proportion captures only 
the peak of a distribution: two systems with identical 
75% ceiling rates can still differ substantially in how 
the remaining 25% of scores are distributed across 
the scale. Shannon entropy summarises the full shape 
of a distribution into a single quantity (bits of infor-
mation) and is directly interpretable as the equivalent 
number of equally likely outcomes (2h). Intuitively, 
entropy measures how dispersed and unpredictable 

the scores are as a whole, not whether any individual 
score is “correct” or whether the instrument as a mea-
sure of teaching quality is valid. This common, infor-
mation-theoretic scale allows ceiling, skewness, and 
fine-grained discrimination to be compared across 
instruments. When combined with variance-de-
composition (intraclass correlation) and mutual-in-
formation measures, entropy provides a coherent 
framework for asking not only “how compressed are 
the scores?” but also “how much of the evaluatee-lev-
el signal survives the compression?”

This study aimed to (1) quantify the information 
content and discriminative capacity of routine nurs-
ing student ratings of clinical teachers at a Chinese 
university-affiliated teaching hospital using informa-
tion-theoretic measures; (2) assess the ability of these 
scores to distinguish between individual nurse edu-
cators through variance decomposition and mutual 
information analysis; and (3) descriptively charac-
terize ceiling effects in nursing teaching evaluations 
across departments and activity types. Three addi-
tional evaluation systems available at the same insti-
tution, one residency teaching evaluation system and 
two 360-degree systems (secretary-to-resident and 
resident self-assessment), are analyzed in parallel as 
comparators with different rater-evaluatee relation-
ships to contextualize, not benchmark, the primary 
nursing findings.

Methods

Study design and setting
This retrospective observational study analyzed 

routinely collected nursing clinical teaching evalua-
tion data from a university-affiliated teaching hospi-
tal in southern China. The hospital operates a struc-
tured clinical education program for nursing interns 
alongside a separate postgraduate residency training 
program; both share a centralized digital teaching 
management platform (Cloud-based Clinical Med-
ical Teaching and Visualization, CCMTV, Cloud 
Teaching System) for recording teaching activities 
and collecting evaluation scores. The primary analy-
sis examined pooled cross-sectional nursing teaching 
evaluation data to quantify information content and 
discriminative capacity; a secondary descriptive anal-
ysis examined temporal trends in ceiling rates across 
calendar quarters. The study was reported following 
the Strengthening the Reporting of Observational 
Studies in Epidemiology (STROBE) guidelines [20].
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Analytic framework: primary system 
vs. comparators

 Because the four score systems differ substantial-
ly in their rater-evaluatee relationships, we organized 
analyses into two tiers. The primary analysis con-
cerns nursing student ratings of clinical teachers, the 
system whose performance is most directly relevant 
to nursing faculty development and program accred-
itation, and the focus of all substantive conclusions 
about instrument utility. Three comparator systems 
are reported in parallel: residency teaching scores 
(residents rating clinical teachers in the parallel post-
graduate program), secretary 360 evaluation (admin-
istrative staff rating residents), and self-assessment 
360 (residents rating themselves). These comparators 
illustrate how different rater-evaluatee relationships 
map onto different ceiling and entropy profiles, but 
we do not claim that they are interchangeable with 
the primary system or measure the same construct.

Conceptual primer: what entropy measures and 
how it relates to ICC

For readers less familiar with information theory, 
Shannon entropy quantifies the dispersion of the 
score distribution across the available scale, that is, 
how spread out and unpredictable the scores are as a 
whole, rather than the validity of the instrument itself 
or whether any particular score is “correct.” A high-
entropy distribution uses the full range of the 0-100 
integer scale; a low-entropy distribution concentrates 
almost all observations on a few values (here, 
near 100). Entropy and the intraclass correlation 
coefficient (ICC) characterise different aspects of 
the same evaluation system and are complementary 
rather than redundant: ICC summarises how much 
of the total score variance lies between (versus within) 
the units being evaluated, i.e. the reliability of a single 
rating for distinguishing between individual nurse 
educators, while normalized entropy summarizes 
whether the score distribution itself carries enough 
information to support such discrimination in the 
first place. Severe ceiling compression depresses both 
quantities, but a system can, in principle, have non-
trivial entropy with low ICC (scores spread across the 
scale but not aligned with the evaluatee being rated) 
or vice versa. Neither metric, taken alone, speaks to 
whether the instrument as a measure of teaching 
quality is valid; both speak to whether the distribution 
of scores it produces retains enough resolution to be 
informative.

Data sources and evaluation instruments
We examined four evaluation instruments, each 

representing a different rater-evaluatee relationship. 
Evaluation records with zero or missing scores were 
excluded. Individual evaluators could submit multi-
ple ratings across different teaching sessions, and all 
valid submissions were retained for analysis.

1.	 Nursing student ratings (primary system, n 
= 3,972): Nursing interns rated clinical teaching ses-
sions on a 0-100 integer score scale via the platform’s 
built-in evaluation module. Each rating correspond-
ed to a specific teaching activity (mini-lectures, skills 
practice, teaching rounds, or case discussions). Rat-
ings were provided by 436 unique nursing interns 
across 44 departments and reflected 227 nurse edu-
cators with at least 5 ratings each.

2.	 Residency teaching scores (comparator, n = 
2,271): Residents rated teaching sessions on a 0-100 
integer score scale through the same platform. Scores 
covered 10 activity types and were provided by 351 
unique residents across 49 departments, spanning 
January 2022 to March 2026.

3.	 Secretary 360 evaluation (comparator, n = 
339): Departmental secretaries evaluated residents 
using a standardized 360-degree assessment instru-
ment on a 0-100 integer score scale. Evaluations in-
volved 71 unique secretaries across 37 departments, 
covering October 2024 to March 2026.

4.	 Self-assessment 360 (comparator, n = 523): 
Residents completed self-assessment ratings on 
a 0-100 integer score scale as part of the 360-de-
gree evaluation program. Assessments involved 120 
unique residents across 54 departments, covering 
February 2022 to March 2026.

 All four instruments used the same 0-100 integer 
score scale, with platform-stored values as integers, 
facilitating descriptive comparison of score distribu-
tions across systems. The 1-point bin width used for 
entropy calculation corresponds to this native reso-
lution.

Identification of zero-coded records
In the CCMTV platform’s data-entry workflow, 

the score field is initialised to 0 when an evaluation 
form is created or auto-assigned to an evaluator. A 
non-zero integer is written only when an evaluator 
actively submits a rating; if the form is opened but 
not submitted, or is auto-created for an assigned ses-
sion that the evaluator never completed, the exported 
record retains the placeholder value of 0. Genuine 0 
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scores from evaluators are extremely rare in practice 
and cannot be distinguished from these unsubmit-
ted/placeholder records using the exported fields 
alone. We therefore conservatively classified all score 
= 0 records as non-genuine and excluded them from 
the primary analysis. The proportion of zero-coded 
records per system is reported in Supplementary Ta-
ble e-S0; Supplementary Table e-S9 confirms that in-
cluding these records does not change the substantive 
conclusions.

Of 9,301 raw records across the four systems, 
2,196 were excluded (missing/invalid score plus ze-
ro-coded; system-level counts in Supplementary Ta-
ble e-S0), leaving 7,105 valid evaluations for analysis. 
The full inclusion pathway is shown in Figure 1.

Ethical considerations
This study was reviewed and approved by the 

Ethics Committee of the Seventh Affiliated Hospital, 
Sun Yat-sen University (approval no. KY-2026-128-

01). The requirement for individual informed con-
sent was waived due to the retrospective, de-identi-
fied nature of the administrative data used.

Statistical analysis
All analyses were conducted using Python 3.13 

with NumPy, SciPy, and custom scripts. Bootstrap 
confidence intervals were calculated using 2,000 res-
amples with a fixed random seed (42) at the 95% con-
fidence level.

Ceiling effect quantification
We calculated the percentage of scores at the 

maximum value (100), at or above 95, and at or 
above 90 for each evaluation system. Distributional 
characteristics, including skewness and excess kurto-
sis, were computed. Confidence intervals for ceiling 
proportions were obtained by percentile bootstrap 
(2,000 resamples). As a sensitivity check for infor-
mation content, we also recomputed normalized en-

Figure 1. Record inclusion flowchart. Of 9,301 raw evaluation records across the four systems, 2,196 were excluded (missing/inval-
id score or zero-coded, the latter corresponding to unsubmitted evaluations per the platform’s data-entry specifications), leaving 
7,105 valid evaluations. The primary analysis concerns nursing student ratings of clinical teachers (n = 3,972). Three comparator 
systems are analyzed in parallel: residency teaching scores (n = 2,271), secretary 360 (n = 339), and self-assessment 360 (n = 523).



 	 SERICAN JOURNAL OF MEDICINE        5

tropy with 2-point and 5-point bin widths (Supple-
mentary Table e-S7). To address the potential effect 
of within-rater and within-evaluatee clustering on 
the naive bootstrap CIs, we additionally computed 
cluster-aware bootstrap confidence intervals for ceil-
ing proportions and entropy by resampling entire 
rater-clusters and evaluatee-clusters (Supplementary 
Table e-S8). To test sensitivity to the pre-analysis ex-
clusion of zero-coded records, we re-computed key 
descriptives, including any zero records (Supplemen-
tary Table e-S9).

Information content
Shannon entropy (H) was calculated using 

1-point bins across the 0-100 range:
H = -sum(p_i × log2(p_i)), where p_i is the pro-

portion of scores in each bin. Normalized entropy 
(H_norm = H / H_max) was calculated by dividing 
by the theoretical maximum entropy for a 101-bin 
uniform distribution (H_max = log2(101) = 6.658 
bits). H_norm ranges from 0 (no information) to 1 
(maximum information). Bootstrap 95% confidence 
intervals were computed for H_norm. H_norm re-
flects utilization relative to the native integer scale’s 
theoretical capacity, not a direct estimate of semantic 
resolution: a 0-100 integer scale need not imply 101 
perceptually or semantically equidistant categories. 
To verify that conclusions are not artifacts of this 
baseline, we repeated the analysis under a 10-cate-
gory equal-width coarsening (Supplementary Table 
e-S10).

Variance decomposition
Intraclass correlation coefficients ICC(1,1) were 

calculated using one-way random effects analysis 
of variance (ANOVA) models at two levels: (a) de-
partment-level, where scores were grouped by de-
partment, and (b) evaluatee-level, where scores were 
grouped by individual evaluatee (teacher or resident). 
Groups with fewer than 5 observations were excluded 
at both levels. ICC(1,1) here denotes the reliability of 
a single rating; the projected reliability of the mean 
of k independent ratings (ICC(1,k)) was computed 
via the Spearman-Brown prophecy formula under 
the standard assumptions of independent, homo-
geneous, exchangeable raters. Confidence intervals 
were calculated using the F-distribution method of 
Shrout and Fleiss [23]. Bootstrap confidence intervals 
(2,000 resamples) were also computed as a sensitivi-
ty check but exhibited systematic upward bias under 
severe ceiling conditions (Supplementary Materials). 

Given the crossed structure of raters, evaluatees, de-
partments, activity types, and quarters, and unequal 
rating counts per evaluatee, these ICC and NMI val-
ues should be interpreted as heuristic indicators of 
discriminative capacity rather than precise variance 
decompositions. A full generalizability-theory or 
cross-classified mixed model is beyond the scope of 
this descriptive information-loss analysis; stratified 
ICC by department and by activity type is reported 
in Supplementary Table e-S11 as a sensitivity check.

Mutual information
Normalized mutual information (NMI) between 

score values and person identity was calculated as MI 
/ H(Person), where MI is the mutual information in 
bits. NMI quantifies how much information about 
the evaluatee’s identity is conveyed by a score; NMI 
= 0 means scores carry no person-identifying infor-
mation, while NMI = 1 would mean scores perfectly 
identify individuals.

Power analysis
Monte Carlo simulations were conducted to es-

timate the sample sizes needed to detect teaching 
quality differences under the observed distributions 
(see Supplementary Materials for full methods and 
results).

Subgroup analyses
Ceiling rates and normalized entropy were com-

puted separately by activity type (for the two main 
systems) and by department. Temporal trends in ceil-
ing rates were examined by calendar quarter for the 
residency system, which had sufficient longitudinal 
coverage.

Results

Sample characteristics
The inclusion pathway is shown in Figure 1. A 

total of 7,105 valid teaching evaluation scores were 
analyzed across four instruments (Table 1). The 
primary system, nursing student ratings of clinical 
teachers, contributed the largest share (3,972 scores 
from 436 nursing interns across 44 departments, 
reflecting 227 nurse educators with at least 5 ratings 
each). Three comparator systems were analyzed in 
parallel: residency teaching scores (2,271 scores from 
351 residents across 49 departments), secretary 360 
evaluation (339 scores), and self-assessment 360 (523 
scores). The comparators are reported alongside the 
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Table 1. Sample characteristics across the four evaluation systems.

System N Persons Departments Activity Types Date Range Score Scale

Nursing Student Ratings (primary) 3,972 436 44 5 2023-07 to 
2026-03 0–100

Residency Teaching Scores 
(comparator) 2,271 351 49 10 2022-01 to 

2026-03 0–100

Secretary 360 Evaluation 
(comparator) 339 71 37 1 2024-10 to 

2026-03 0–100

Self-Assessment 360 (comparator) 523 120 54 1 2022-02 to 
2026-03 0–100

Note. Persons indicates unique raters. The primary system (nursing student ratings of clinical teachers) is the focus of all 
substantive conclusions; the three comparator systems illustrate how different rater-evaluatee relationships map onto different 
compression profiles. Totals: N = 7,105 valid evaluations after pre-analysis exclusions detailed in Supplementary Table e-S0.

primary nursing system to illustrate cross-system 
patterns, but are not interchangeable with it in con-
struct or rater-evaluatee relationship.

Primary analysis: nursing clinical teaching 
evaluations

Ceiling effects and score distribution
Ceiling effects were severe in nursing student 

ratings (Figure 2, Table 2). The ceiling rate (scores = 
100) was 74.8% (95% CI: 73.5-76.2%) with only 13 
unique integer score values across 3,972 evaluations 
(median 100, interquartile range [IQR] 99-100). The 
distribution was severely left-skewed with very high 
excess kurtosis (Table 2), consistent with strong de-
faulting to the maximum integer.

Information content
Normalized Shannon entropy revealed severe in-

formation loss in nursing teaching evaluations (Fig-
ure 3). Nursing student ratings retained only 13.1% of 
theoretical information capacity on the native 0-100 
integer scale (H_norm = 0.131, 95% CI: 0.122-0.139). 
In absolute terms, scores conveyed 0.871 bits per 
evaluation, compared with the theoretical maximum 
of 6.658 bits. The effective number of equally likely 
categories (2^H) was approximately 1.8, far below the 
101 theoretically available integers. Under a coarser 
10-category benchmark, the same conclusion held 
(Supplementary Table e-S10).

Discriminative capacity: variance decomposition
Nursing student ratings showed minimal ability 

to distinguish between individual nurse educators 
(Figure 4, Table 3). For 227 nurse educators with ≥5 
ratings, department-level ICC(1,1) was 0.012 (95% 
CI: 0.005-0.026) and teacher-level ICC was 0.008 
(95% CI: -0.005 to 0.023), well below the “poor” 

threshold of 0.50 established by Koo and Li. Stratified 
ICC by department and activity type (Supplementa-
ry Table e-S11) remained near zero across most stra-
ta, indicating that limited discriminability was not 
driven by a few heterogeneous strata. Cluster-aware 
bootstrap CIs (Supplementary Table e-S8) were wider 
than the naive CIs but did not alter the substantive 
conclusion.

Mutual information
NMI answers a direct question: if you are told 

a specific evaluation score, how much does that tell 
you about which nurse educator received it? NMI = 
0 means the score carries no teacher-identifying in-
formation; NMI = 1 would mean a score uniquely 
identifies an educator. Normalization by H(Person) 
places NMI on a comparable footing across systems 
with different numbers of evaluatees. For nursing 
student ratings, NMI between scores and nurse edu-
cator identity was 0.035 (Table e-S4), consistent with 
near-zero ICC.

3.2 Comparator systems
The three comparator systems together spanned 

a wide range of compression severity (Table 2, Figure 
3). The most compressed comparator was the residen-
cy teaching evaluation system, where residents rated 
clinical teachers in the parallel postgraduate training 
program: ceiling 91.6% (95% CI: 90.4-92.7%), only 
9 unique integer values across 2,271 evaluations, 
H_norm = 0.084 (95% CI: 0.075-0.094), and teach-
er-level ICC = 0.065 (95% CI: 0.037-0.100). The two 
360-degree systems showed less severe compression: 
secretary 360 evaluations (administrative staff rating 
residents) had a ceiling rate of 28.9% (95% CI: 24.2-
33.6%) with H_norm = 0.494 and person-level ICC 
= 0.100; self-assessment 360 (residents rating them-
selves) had a ceiling rate of 64.1% (95% CI: 60.0-
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Figure 2. Score distributions across the primary nursing teaching evaluation system and the three comparator systems (N = 
7,105). The nursing panel and the residency panel, both high-ceiling, are zoomed to the 85-100 range. Each panel reports n, mean, 
median [IQR], ceiling proportion, and normalized Shannon entropy. The nursing panel is identified as the primary system; the 
remaining three panels are labelled as comparators.

Table 2. Distribution and information-content characteristics of evaluation scores.

System N Mean SD Median Skewness Kurtosis Ceiling % 
(95% CI)

H_norm 
(95% CI)

Effective 
Categories

Unique 
Values

Nursing Student 
Ratings (primary) 3,972 99.69 0.96 100 -5.72 45.59 74.8 

(73.5–76.2)
0.131 

(0.122–0.139) 1.8 13

Residency Teaching 
Scores 2,271 99.84 0.74 100 -11.97 251.58 91.6 

(90.4–92.7)
0.084 

(0.075–0.094) 1.5 9

Secretary 360 
Evaluation 339 96.14 8.01 98 -8.79 93.89 28.9 

(24.2–33.6)
0.494 

(0.464–0.509) 9.8 21

Self-Assessment 360 523 98.07 3.37 100 -2.32 6.8 64.1 
(60.0–68.1)

0.331 
(0.297–0.355) 4.6 21

Note. SD = standard deviation. Ceiling % indicates the proportion of scores at the maximum value (100). H_norm is normalized 
Shannon entropy (H / H_max), with H_max = log_2(101) = 6.658 bits for the native 0–100 integer scale. Effective Categories 
= 2^H, the equivalent number of equally likely outcomes. Confidence intervals for ceiling proportions and H_norm are 
2,000-resample percentile bootstraps.
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Figure 4. Forest plot of intraclass correlation coefficients ICC(1,1) for single ratings. Each system appears at two levels: depart-
ment-level (scores grouped by department) and evaluatee-level (scores grouped by individual teacher, nurse educator, or res-
ident). The primary nursing teaching evaluation system is identified separately from the three comparator systems. Error bars 
show analytic 95% F-distribution confidence intervals (Shrout & Fleiss, 1979). Labels indicate the number of groups (k) included 
per analysis; groups with fewer than 5 observations were excluded.

Figure 3. Normalized Shannon entropy (H/H_max) across the four systems, with 95% bootstrap confidence intervals. The primary 
nursing teaching evaluation system is rendered in dark navy; the three comparator systems are rendered in light gray. Labels 
above each bar show the absolute entropy H in bits. H_norm = 1.0 corresponds to a uniform distribution over all 101 integer 
values; H_norm = 0 corresponds to a constant. Effective number of equally likely categories (2h) ranged from 1.5 (residency com-
parator) to ~10 (secretary 360 comparator); the primary nursing system retained ~1.8 effective categories.
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68.1%) with H_norm = 0.331 and person-level ICC = 
0.280 (the elevated self-assessment ICC likely reflects 
stable self-rating styles rather than genuine quali-
ty differentiation). Across the three comparators, 
ceiling severity decreased, and effective categories 
increased as the rater-evaluatee relationship moved 
away from learner-rates-teacher dynamics; this pat-
tern illustrates that the rater-evaluatee relationship 
can substantially modulate ceiling severity, although 
the comparator instruments do not measure the same 
construct as the primary nursing teaching evaluation.

Subgroup and temporal patterns
In nursing teaching evaluations, ceiling effects 

were remarkably consistent across teaching activity 
types (Table e-S1, Figure S1). Date metadata in the 
nursing student rating system was incomplete prior 
to 2023, limiting longitudinal analysis. For the resi-
dency comparator system, which had complete date 
coverage from 2022 onwards, exploratory, descriptive 
analyses suggested a pattern of rising ceiling rates 
over time (Figure 5, Table e-S2). Because we did not 
have data on platform version changes, policy up-
dates, or shifts in rater or activity composition, this 
temporal pattern in the comparator system is report-
ed as descriptive only and is not extrapolated to the 
primary nursing system.

Power analysis
Monte Carlo power simulations (Supplementa-

ry Materials, Table e-S6, Figure S3) were computed 
under simplifying independence assumptions and 
are presented as illustrative rather than as directly ap-
plicable to the crossed rater-evaluatee structure ob-
served in these data.

Discussion

Principal findings
This study applied information-theoretic mea-

sures to quantify the information content and dis-
criminative capacity of nursing student ratings of 
clinical teachers at a Chinese teaching hospital, with 
three comparator systems (one residency teaching 
evaluation system and two 360-degree systems) ana-
lyzed in parallel. Nursing teaching evaluations exhib-
ited severe compression: normalized Shannon entro-
py of 0.131 (retaining only 13.1% of the native-scale 
theoretical information capacity; ordering preserved 
under a coarser 10-category benchmark), teach-
er-level ICC(1,1) of 0.008, and NMI between scores 
and nurse educator identity of 0.035. These findings 
represent, we believe, an application of the informa-
tion-theoretic framework to nursing clinical teaching 
evaluations that we are not aware of being previously 
reported.

Comparison with existing literature
The ceiling rate observed in nursing teaching 

evaluations (74.8%) is consistent with, and in some 
cases more extreme than, ceiling rates reported in 
Western medical education settings. Beckman et 
al. found that clinical teaching evaluations consistent-
ly produce highly skewed distributions with the ma-
jority of ratings at the top of the scale [8]. The MCTQ 
validation by Stalmeijer et al. demonstrated that 7 to 
10 ratings per teacher were needed for reliable scores 
[9], reflecting the restricted variance that character-
izes these instruments, a challenge even more pro-
nounced in our data, where the median number of 
student ratings per nurse educator was only 6. The 

Table 3. Intraclass correlation coefficients ICC(1,1) for single ratings and Spearman-Brown projections.

System Grouping k Groups N ICC 95% CI (F) k for ICC(1,k) 
= 0.70

Nursing Student Ratings (primary) Department 37 3,961 0.012 0.005 - 0.026 195
Nursing Student Ratings (primary) Person (teacher) 227 3,492 0.008 -0.005 to 0.023 305

Residency Teaching Scores Department 41 2,252 0.068 0.041–0.116 32
Residency Teaching Scores Person (teacher) 163 1,852 0.065 0.037–0.100 34

Secretary 360 Evaluation Department 23 315 0.18 0.088–0.343 11
Secretary 360 Evaluation Person (resident) 23 229 0.1 0.021–0.250 21

Self-Assessment 360 Department 30 479 0.053 0.010–0.134 42
Self-Assessment 360 Person (resident) 39 314 0.28 0.171–0.428 6

Note. ICC(1,1) is the one-way random-effects single-rating intraclass correlation (Shrout & Fleiss 1979). Groups with fewer than 
5 observations were excluded. Spearman-Brown projection k for ICC(1,k) = 0.70 indicates the number of independent ratings 
required to achieve adequate reliability under the simplifying assumptions of independent, homogeneous, and exchangeable 
raters; this is an illustrative projection rather than an operational requirement.
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teacher-level ICC of 0.008 in nursing teaching eval-
uations falls well below the “poor” threshold of 0.50 
established by Koo and Li [22], and is consistent with 
the reliability concerns raised by Kreiter and Laksh-
man [13], who demonstrated that restricted range in 
teaching evaluations directly undermines reliability 
estimates. The closest analog in the published litera-
ture is Dexter and colleagues’ application of binomial 
entropy to anesthesiologists’ ratings of nurse anes-
thetists’ clinical performance [29], which similarly 
documented information loss attributable to restrict-
ed rater behavior; the present study extends this lens 
to nursing teaching evaluations rather than clinical 
performance ratings, and to a Chinese nursing intern 
education context specifically.

What the information-theoretic framework adds 
is a precise quantification of how much native-scale 
information capacity has been utilized. The nursing 
teaching evaluation H_norm of 0.131 (H = 0.87 bits) 
corresponds to approximately 1.8 effective equally 
likely categories (2h), far below the 101 theoretical-
ly available integers on the 0-100 scale. In practical 
terms, despite using a 0-100 integer score scale, the 
nursing instrument conveys information comparable 
to a very small number of effective equally likely cat-

egories. Across the three comparators, the residency 
teaching system was even more compressed (1.5 ef-
fective categories), while the two 360-degree systems 
were less compressed (4 to 10 effective categories), 
suggesting that the rater-evaluatee relationship is a 
meaningful modulator of compression severity.

Why does this matter for nurse educator evaluation?
Before turning to practical implications, it is 

worth re-emphasising what the entropy framing does 
and does not say. Although ceiling compression is 
often discussed as a problem of “ratings being too 
high,” our information-theoretic framing shifts the 
locus from level to distribution: normalised entropy 
measures how spread the score distribution is across 
the available scale, not whether the instrument is val-
id or whether high scores are inherently wrong. A 
system can be ceiling-compressed and informative 
only if the residual variation among non-maximum 
scores aligns systematically with the units being eval-
uated; the ICC and NMI analyses above show that, in 
nursing student ratings, it does not.

The severity of information loss in nursing teach-
ing evaluations has practical implications for how 
nursing programs use these scores. The compressed 

Figure 5. Descriptive temporal pattern of ceiling rates (% of scores = 100) by calendar quarter, 2022-2026, for the residency 
teaching comparator system (which had complete date coverage from 2022 onwards) and, where available, the primary nursing 
teaching evaluation system (limited to 2023 onwards due to incomplete date metadata in the earlier nursing records). Point 
estimates are shown with Wilson 95% confidence intervals; gray bars (right y-axis) show quarterly sample sizes. Descriptive only; 
no adjustment for activity-type or department composition. This figure cannot distinguish between ceiling intensification due to 
evolving rating norms and changes in platform version, policy, or rater/activity composition; the temporal pattern in the residen-
cy comparator is not extrapolated to the primary nursing system.
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distribution provides little basis for differentiating in-
dividual nurse educators in the narrow 99-100 range, 
yet scores in this range may inform faculty perfor-
mance review, mentorship assignment, and pro-
gram accreditation decisions. The Spearman-Brown 
analysis projected that achieving adequate reliability 
(ICC(1,k) = 0.70) for individual nurse educator as-
sessment would, under simplifying assumptions of 
independent, homogeneous, exchangeable raters, 
require hundreds of independent student ratings 
per educator, far more than most clinical preceptors 
accumulate in an academic year (Figure S2). This is 
an illustrative projection rather than an operational 
requirement. The temporal pattern of rising ceiling 
rates observed in the residency comparator system 
(Figure 5) is exploratory and descriptive; we do not 
extrapolate that pattern to nursing teaching evalua-
tions, where the date metadata was insufficient for an 
analogous trend analysis.

Possible explanations
Several plausible mechanisms may contribute to 

the ceiling effects observed in nursing teaching eval-
uations, though we did not directly measure them 
in this study. The instrument uses a 0-100 integer 
score scale without behavioral anchors, which pro-
vides limited guidance for score interpretation and 
may encourage defaulting to the maximum [5]. One 
hypothesized contributor is the Chinese nursing ed-
ucation context, hierarchical relationships between 
nursing interns and clinical preceptors, and collec-
tivist values that may discourage negative evaluations 
[18,19]. Platform interface design features (e.g., de-
fault values, interaction patterns) and rater anonym-
ity policies could also modulate responses, though 
the specific configurations at our institution were not 
formally investigated here [28]. These explanations 
are hypotheses for future research rather than estab-
lished causes.

These findings are particularly relevant given 
the rapid expansion of standardized clinical training 
programs in Chinese nursing education over the past 
decade, which rely heavily on subjective evaluation 
methods to assess clinical preceptors. The cross-sys-
tem comparison illustrates that secretary 360 evalu-
ations showed the least severe ceiling effect (28.9%) 
while still having a mean of 96.1; this instrument in-
volves administrative staff evaluating residents rather 
than learners evaluating teachers, suggesting that the 
evaluator-evaluatee power dynamic may be a critical 

moderator of ceiling severity even within a single in-
stitution.

Implications for practice
Our findings suggest that incremental modifi-

cations to the existing nursing teaching evaluation 
instrument (e.g., adjusting scale anchors or provid-
ing rater training) may be insufficient to address 
the fundamental information loss documented here 
when these scores are used stand-alone for conse-
quential individual-level decisions about nurse edu-
cators. These findings do not preclude the use of the 
scores as one element within multi-source evidence 
frameworks (combined with narrative feedback, di-
rect observation, or peer review). More substantive 
approaches that nursing programs could consider in-
clude:

1.	 Alternative assessment formats: Narrative 
feedback, structured qualitative observation tools, 
and teaching portfolios may capture dimensions of 
teaching quality that numerical scales cannot when 
ceiling-compressed [24, 25].

2.	 Scale redesign: Evidence suggests that in-
creasing the number of response options, modifying 
scale labels, and using 7-point rather than 5-point 
scales can reduce ceiling effects and increase discrim-
inative variability [11, 15, 21].

3.	 Criterion-referenced rubrics: Behaviorally 
anchored rating scales (BARS) with explicit perfor-
mance descriptors at each level may reduce the ten-
dency to default to the maximum by requiring evalu-
ators to match observed behaviors to specific criteria 
[25].

4.	 Multi-source triangulation: Rather than re-
lying on a single numerical score, programs should 
integrate multiple sources of evidence, including di-
rect observation, peer review, student learning out-
comes, and narrative feedback [26].

Strengths and limitations
This study has several strengths. First, the infor-

mation-theoretic framework provides a novel and 
rigorous quantification of nursing teaching evalua-
tion instrument performance that goes beyond de-
scriptive statistics. Second, the cross-system com-
parison across one primary nursing system and three 
comparator instruments within the same institution 
controls for institutional and cultural factors, isolat-
ing instrument-level effects. Third, the inclusion of 
power analysis translates abstract information loss 
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into concrete consequences for nursing faculty devel-
opment and quality improvement programs. Fourth, 
the large sample size (n = 3,972 nursing ratings with-
in an N = 7,105 four-system dataset) provides precise 
estimates with narrow confidence intervals.

Several limitations should be acknowledged. 
First, this is a single-institution study, and the find-
ings may not generalize to other nursing programs 
or institutions. However, the consistency of compres-
sion patterns across four independent assessment 
systems within this institution, and the concordance 
with international literature, suggests that the phe-
nomenon is not idiosyncratic. Second, we analyzed 
secondary administrative data without direct knowl-
edge of the conditions under which nursing student 
ratings were completed (e.g., anonymity, timing rela-
tive to clinical evaluation grades); data cleaning pro-
cedures (exclusion of zero scores, minimum group 
sizes) are described in Methods and shown in Figure 
1. Third, the nursing student rating system lacked the 
data information for temporal trend analysis prior to 
2023, limiting longitudinal characterization for this 
primary instrument. Fourth, we cannot determine 
from the data alone whether ceiling effects reflect true 
homogeneity of nursing teaching quality (all clinical 
preceptors are genuinely excellent) or instrument in-
sensitivity; the absence of external criterion measures 
(such as direct observation, peer review, or learner 
outcomes) precludes definitive attribution, though 
the near-zero ICC and cross-system consistency favor 
the latter interpretation. Fifth, the ICC analysis used a 
one-way random effects model that does not capture 
the full cross-classified structure of raters, evaluatees, 
departments, and activity types; more complex gen-
eralizability theory or multilevel modeling approach-
es could provide additional insights but were beyond 
the scope of this descriptive study. We therefore pres-
ent ICC and NMI as heuristic indicators and report 
stratified ICC by department and activity type (Table 
e-S11) as a sensitivity check. Sixth, the four assess-
ment systems differ in their evaluation relationships, 
and direct comparison of absolute metric values 
across systems should be interpreted cautiously; we 
have accordingly restricted substantive conclusions 
to the primary nursing teaching evaluation system 
and reported the residency and 360-degree systems 
as comparators only.

Future directions
Future research should examine whether in-

formation-theoretic metrics such as normalized 

entropy can serve as routine quality indicators for 
nursing teaching evaluation instruments, applied 
at the program level during annual quality reviews. 
Intervention studies comparing the discriminative 
validity of alternative evaluation formats (narrative, 
rubric-based, comparative) against traditional nu-
merical scales in Chinese nursing clinical education 
settings would provide actionable evidence for in-
strument redesign. Multi-institutional studies across 
Chinese teaching hospitals would help establish 
whether the degree of information loss observed in 
nursing teaching evaluations here is representative of 
the national pattern.

Conclusion
Routine nursing student ratings of clinical teach-

ers at this institution exhibited substantial compres-
sion (ceiling 74.8%, normalized Shannon entropy 
0.131 on the native 0-100 integer scale, ordering pre-
served under a coarser 10-category benchmark) and 
limited single-rating ability to distinguish between 
individual nurse educators (teacher-level ICC(1,1) 
0.008, NMI 0.035). These findings, quantified through 
an information-theoretic framework whose applica-
tion to nursing clinical teaching evaluations we are 
not aware of being previously reported, are consistent 
with limited stand-alone discriminative utility for 
high-stakes individual-level uses such as nurse edu-
cator promotion, mentorship assignment, or program 
accreditation. They do not preclude the use of these 
scores as one element within multi-source evidence 
frameworks. Three comparator systems analyzed in 
parallel — one residency teaching evaluation system 
and two 360-degree instruments — together spanned 
a wide range of compression severity, suggesting that 
the rater-evaluatee relationship is a meaningful mod-
ulator and that the pattern observed in nursing teach-
ing evaluations is not unique to a single instrument. 
Nursing programs depending on these scores alone 
for consequential decisions about clinical preceptors 
should recognize the extent of information loss and 
consider supplementing or redesigning their evalua-
tion approaches.

Practice Points
•	 Finding: In the primary nursing clinical 

teaching evaluation system (n = 3,972 student rat-
ings; 436 students rating 227 nurse educators across 
44 departments), normalized Shannon entropy was 
0.131, corresponding to approximately 1.8 effec-
tive equally likely categories out of 101 possible on 
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the 0-100 integer score scale. A coarser 10-category 
benchmark preserved this finding. Three comparator 
systems (residency teaching scores and two 360-de-
gree instruments) are reported in parallel to illustrate 
how rater-evaluatee relationships modulate compres-
sion severity.

•	 Reliability implication: The teacher-level 
intraclass correlation coefficient ICC(1,1) for nursing 
teaching evaluations (0.008, 95% confidence inter-
val [CI]: -0.005 to 0.023) is consistent with limited 
single-rating ability to distinguish between individ-
ual nurse educators. Under simplifying assumptions 
of independent, homogeneous, exchangeable rat-
ers, Spearman-Brown projections suggest hundreds 
of independent student ratings per nurse educator 
would be needed to reach ICC(1,k) = 0.70.

•	 Practical recommendation: Nursing stu-
dent ratings on this 0-100 integer scale appear to 
have limited stand-alone discriminative utility for 
high-stakes individual-level decisions about nurse 
educators (e.g., promotion, mentorship assignment, 
accreditation). The findings do not preclude their use 
within multi-source evidence frameworks (combined 
with narrative feedback, peer observation, or criteri-
on-referenced rubrics).
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