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Abstract

Background: Insulin injection teaching is time-consuming for nurses, yet current educational tools may
not adequately adapt to users at different experience levels.

Purpose: This study aimed to examine whether the perceived usability of an insulin injection teaching
toolkit varies across nursing experience levels.

Methods: Using an explanatory sequential mixed-methods design, we stratified 26 nurses into interns
(n=9), junior nurses (n=7), and senior nurses (n=10) based on Benner's framework. Participants
completed the System Usability Scale (SUS) and semi-structured interviews.

Results: Median SUS scores were 75.0 for interns, 92.5 for junior nurses, and 87.5 for senior nurses. The
intern—junior gap (17.5 points, r= 0.50) did not remain statistically significant after correction. However,
qualitative data revealed that while junior nurses described seamless workflow integration, interns
required structured guidance, and senior nurses showed polarized responses. Three usability
bottlenecks were identified: lack of guidance for beginners, visual information overload, and physical
layout affecting workflow fluency.

Conclusions: Aggregated SUS means may mask experience-level differences. Future SUS evaluations
should consider stratified reporting by experience level. Qualitative findings suggest that perceived
usability is shaped by person—-tool fit rather than experience alone.

Introduction

In endocrinology wards, giving insulin to patients and teaching them to inject themselves consume a
substantial proportion of nursing time[1,2]. Minor deviations in injection technique can affect blood
sugar levels[3], and poor patient teaching can lead to low blood sugar events at home[4]. Guidelines are
continuously updated[5], and procedures get more detailed. Yet gaps persist between evolving best
practices and the educational resources available in daily clinical practice[6]. Consequently, structured
injection toolkits have been introduced.

The availability of high-quality tools does not guarantee optimal educational outcomes. They can
improve technique[7,8], but such tools often assume users are all at the same skill level. In reality, that’s
not what we see. Senior nurses find the toolkit easy to use and practical. Interns, however, often have to
pause mid-teaching to search for specific items, thereby disrupting the instructional workflow. That
contrast got us thinking: a ‘one-size-fits-all’ design probably doesn’t work across different experience
levels[9,10]. So we made targeted modifications: reorganised the contents into designated sections, cut
down the clutter, and made it quicker to find things.

The System Usability Scale (SUS)[11] is a common way to assess how usable people find a product. It's

been used for teaching tools too. But a critical limitation remains: most studies just report the aggregate

mean score[12]. This approach obscures potential variations between user groups. Early in our study, we
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saw exactly that: one nursing intern gave the toolkit a perfect score, while a nurse with 13 years of
experience gave it only 75, a 25-point gap. And studies that actually break SUS down by experience level?
We couldn't find many[13].

Insulin teaching isn't just about whether nurses can do the procedure right. It also affects whether
patients can inject themselves and keep their blood sugar stable[14]. Despite this clinical importance,
most existing tools haven't paid much attention to how different experience levels perceive usability[13].
So this study aims to analyse SUS scores by experience level, to see whether the same toolkit feels
different to nurses at different career stages, and what that means for designing tools that actually fit
their needs.

Method
Study Design

We used an explanatory sequential mixed-methods design[15,16]. Nurses completed the SUS first, then
we interviewed them to understand what shaped their scores. To bring the two datasets together, we
applied a connecting strategy[17] and displayed the results in a joint display matrix[18]—this allowed us
to compare each group’s quantitative ratings side by side with their qualitative accounts. We also split
the sample at the median SUS score of 86 (high versus low) to help us identify extreme cases.

Participants and Setting

We recruited 26 nurses from the endocrinology ward between March and April 2026. The sample
included 9 interns, 9 specialist nurses from other tertiary hospitals who were rotating through our ward,
and 8 registered nurses from our own hospital. To be eligible, nurses had to be licensed (or interns), have
participated in insulin injection teaching or related training within the past year, and have used the toolkit
for at least 7 days before the study started. All participants gave written informed consent. The study
was approved by the Ethics Committee of the First Affiliated Hospital of Sun Yat-sen University (Approval
No. 2026-054), with full ethics documentation .

Our sample of 26 participants met the 15-20 threshold often cited for thematic saturation in qualitative
work[19].. We grouped them based on Benner’s framework[20,21] and the Chinese professional title
system: interns (n = 9, < 6 months, novice/advanced beginner), junior nurses (n =7, 1-7 years,
competent), and senior nurses (n = 10, > 7 years, proficient/expert). This grouping enabled us to compare
how nurses at different stages experienced the same toolkit.

We chose the endocrinology ward because the three groups have comparable responsibilities, which
reduces the risk that differences in job roles or settings might confound our results. This real-world
setup allowed us to observe how the same tool performs across different experience levels in a clinical
context.
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Data Collection Instruments

Our insulin injection toolkit is a portable, standardized teaching kit comprising three main
components(see Fig. 1). The first component is a visual simulation pad with synthetic skin, which allows
learners to practice injections and observe the correct needle angle. The second is a QR code panel
linked to WeChat provides access to instructional videos for various insulin types (no personal data is
collected via this platform). The third includes supporting materials: an injection site rotation card, a
storage kit, and a structured teaching checklist. This checklist follows the Chinese Nursing Association
standard (T/CNAS 21-2021) and covers seven steps: equipment preparation, insulin verification, site
selection, disinfection, skin pinching and needle insertion, dwell time, and post-injection disposal (see
Supplementary Material S1). The entire kit is arranged according to this workflow to ensure consistency
across teaching sessions.

We used the Chinese version of the SUS [22,11] to evaluate the usability of this insulin injection toolkit.
This version has been validated for Chinese-speaking populations [23]. The scale consists of 10 items
rated on a 5-point Likert scale, with total scores ranging from 0 to 100. Scores above 80.3[24] indicate
good usability. The Chinese version has shown good reliability and validity, with Cronbach’s a values of
0.81 in previous validation studies[25] and 0.80 in our sample. Although originally designed for digital
interfaces, the SUS has since been widely applied to physical healthcare devices [26] and nursing
education content [27].

We based our interview guide mainly on the Technology Acceptance Model (TAM)[28], which we used to
frame why nurses might be willing to use the toolkit. We also drew on Hornbak and Hertzum'’s
review[29]. They argue that concrete experiences and affective responses matter in technology
acceptance to sure our interviews explored how nurses actually felt when using the toolkit. To meet
COREQ standards[30], we had two independent experts review the draft guide: one with a background in
qualitative methods, the other in clinical nursing education. They suggested incorporating the critical
incident technique[31]—an approach we chose to capture specific usability events, similar to its recent
application in nursing contexts[32]. For instance, asking nurses to describe a moment when the toolkit
worked particularly well for them, or a moment when it felt awkward or frustrating.

We organised the interview around five broad areas: how nurses moved from initial familiarity to
proficiency with the toolkit; how they actually used each module in practice; whether the toolkit was
useful in daily work; what advantages they saw compared with existing methods; and what they would
want in future versions. Interviews lasted about 30 to 40 minutes each. We had a structured guide, but
we didn't follow it rigidly—we adjusted questions and probes as the interview progressed, depending on
the nurse’s experience level and their responses. The full guide is in Supplementary Material S2.

Nurses used the toolkit for at least a week before the study—we confirmed this both by self-report and by
checking with their supervisors. They then filled out the SUS, and we interviewed them afterwards. We
collected and analysed data in parallel, and kept going until no new themes emerged from consecutive

interviews[33,34]. All interviews were recorded and transcribed word for word.”
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Data Analysis

Quantitative data were analyzed using SPSS version 26.0. Normality was assessed using the Shapiro-
Wilk test .Although overall SUS scores approximated a normal distribution overall, Shapiro-Wilk tests
indicated that the subgroup distributions (especially in the intern and senior groups) deviated from
normality—likely due to the small subgroup sample sizes (n =9, 7, and 10). To maintain consistency in
how we handled all continuous variables and to avoid relying on normality assumptions that were not
uniformly met, we used the Kruskal-Wallis H test for all three group comparisons (including age, years of
experience, and SUS scores). Post-hoc pairwise comparisons were conducted using Dunn'’s test with
Bonferroni correction. Effect sizes were reported as eta-squared (n?) for the Kruskal-Wallis test and rank-
biserial correlation (r) for post-hoc analyses. Overall SUS scores were compared with the benchmark
value of 68 using the Wilcoxon signed-rank test. Statistical significance was defined as two-tailed p <
0.05.

To explore how SUS scores changed with experience, we conducted two supplementary analyses. We
fitted a quadratic regression model. We also applied the Jonckheere—Terpstra test. All tests were two-
tailed with a = 0.05.

For the qualitative data, we used NVivo 12 and followed Braun and Clarke’s framework[35]. We analysed
as we went—recruiting and interviewing until three consecutive transcripts turned up nothing new. Two
of us coded independently and settled at 85% agreement. We emailed the thematic summaries back to
all 26 participants for member checking[36,37]; six got back to us. Five agreed with the themes, and one
pointed out something we hadn't quite captured—so we went back and refined the framework. We also
checked whether the non-responders looked any different from the responders on key demographics—
they didn't. The codebook and GRAMMS checklist are in Supplementary Materials S3 and S4. We
reported the study following COREQ[30] and GRAMMS[38].

Results

Participant baseline characteristics and SUS scores

Twenty-six nurses from the endocrinology ward were enrolled and stratified into three experience-based
groups (interns, junior, senior; Table 1) according to Benner's framework and the Chinese professional
title system. Age differed across groups [H(2) = 18.43, p < 0.001, n2_.H = 0.71]. Years of experience also
showed a group difference [H(2) = 21.80, p < 0.001, n2_H = 0.86]. SUS scores likewise varied by
experience level [H(2) = 6.94, p =0.031, n2_H = 0.23]. Table 1 provides group-specific medians and
interquartile ranges.
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Table 1
Participant Characteristics and Comparison of SUS Scores

Variable Nursing Intern Junior Nurse Senior Nurse Statistic(H) p-
Group (n=9) Group (n=7) Group (n=10) value

Age (years) 22.0 (21.0, 29.0 (25.0, 39.0 (35.0, H(2) =18.43 <0.001
23.0) 30.0) 44.0)

Years of 0.4 (0.2,0.6) 5.0(5.0,7.0) 15.0 (10.0, H(2) =21.80 <0.001

experience 20.0)

SUS score 75.00 (72.50- 92.50 (87.00- 87.50 (80.00- H(2) =6.94 0.031
85.00) 100.00) 90.00)

Note:Values are median (Q1, Q3); all comparisons used Kruskal-Wallis H tests. Grouping based on

Benner's framework and the Chinese professional title system: nursing interns (< 6 months), junior

nurses (1-7 years), senior nurses (> 7 years).

The overall median SUS score was 87.5 (IQR: 77.5-92.5). Table 2 shows the overall SUS score
distribution, with 46.1% of participants scoring in the ‘excellent’ range (= 90). A Wilcoxon signed-rank test
showed that the overall median SUS score (87.5) was significantly higher than the benchmark value of
68, a threshold indicating acceptable usability as established by Bangor et al. [24] (V=351,z=4.22,p<
0.001).

Table 2
Distribution of overall SUS scores (n = 26)
Score range Frequency Percentage (%) SUS rating
90.0-100.0 12 46.1 Excellent
80.0-89.9 6 23.1 Good
70.0-79.9 8 30.8 Acceptable
Total 26 100.0 -

Note:SUS ratings are based on the classification standard of Bangor et al.[24]. The overall median
SUS score was 87.5 (IQR: 77.5-92.5).

Post-hoc Dunn's tests revealed that junior nurses scored significantly higher than interns (median
difference = 17.50, 95% CI [2.00, 32.50], adjusted p = 0.047, r = 0.50), as shown in Fig. 2. No other
pairwise comparisons reached statistical significance after Bonferroni correction (both p >0.05).

In the quadratic polynomial regression analysis, the quadratic term for years of experience was not
significant (B, =-0.002, 95% CI [-0.041, 0.037], SE=0.019, t(23) =-0.11, p = 0.924). The quadratic model
did not increase the explanatory power compared to the linear model (AR?< 0.001, F(1,23)=0.01,p =
0.924; linear model R? = 0.144, quadratic model R? = 0.145). Additionally, the Jonckheere-Terpstra test
indicated no significant monotonic trend in SUS scores across the three ordered experience groups (J =
95.5,Z =-0.38, p =0.707). In summary, the observed descriptive pattern across the three groups did not
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reach statistical confirmation as a curvilinear or monotonic trend. Thus, the descriptive differences
across groups should be interpreted as exploratory rather than definitive.

Individual Score Variability and Identification of Extreme
Cases

We split the sample at the median SUS score of 86—high versus low. That gave us 13 in the high group
(6 junior nurses, 5 seniors, and 2 interns) and 13 in the low group (7 interns, 5 seniors, and just 1 junior).

So junior nurses made up most of the high group, and interns most of the low group. Seniors? They were
right down the middle: five and five.

Two cases stood out (Fig. 3). One was N4, an intern who scored a perfect 100—the highest among all
interns. The other was N6, a senior nurse who scored 75, the lowest in her group. A full summary of all
critical incidents is in Supplementary Material S5. The full SUS raw data, including individual scores for
all participants, are provided in Supplementary Material Sé.

Qualitative Thematic Differences Between Groups

Thematic differences between groups are summarized in Table 3.
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Table 3
Comparison of Usability Perception Themes Between High- and Low-Scoring Groups (n = 26)

Dimension High-scoring group Low-scoring group
(SUS=86n=13) (SUS<86,n=13)
Central theme Toolbox as helpful scaffolding Toolbox as confusing and
cumbersome
Key focus Preventing errors & supporting daily Feeling overwhelmed by
workflow excessive information
Common Convenient, comprehensive, easy to Too much info, messy layout,
descriptors used*a follow, systematic, felt reassuring time-consuming, needed help,
not intuitive enough
Representative “It's very convenient; everything is right “You need the instructor to guide
quotes there.” (N12, junior nurse, 100) you through it first before you
can use it." (N18, nursing intern,
72.5)
The functions are very comprehensive; a  There are too many QR codes; it
single educational toolbox suffices for takes time to figure them out.”
the entire teaching session.” (N26, junior (N6, senior nurse, 75)
nurse, 92.5)

Note: Participants were dichotomized into high- and low-scoring groups based on the sample
median SUS score (86). The sample median was 86 (calculated as the average of the 13th and 14th
values in the ordered dataset); no participant scored exactly 86, and the split resulted in equal groups
of 13 each. High-frequency descriptors (word frequency = 3) were extracted from interview
transcripts and validated through independent coding by two researchers, with discrepancies
resolved via consensus discussion. A structured codebook was used throughout the analysis to
ensure coding reliability. N denotes anonymized participant ID; clinical role and raw SUS score are
shown in parentheses. “Core evaluative tendency” refers to participants’ overall stance toward the
toolbox; “Key focus” refers to their main cognitive concern during use. SUS: System Usability Scale.

*a High-frequency descriptors were identified based on word frequency = 3 across interview
transcripts.

N denotes anonymized participant ID; clinical role and raw SUS score are shown in parentheses.

Nurses with higher scores appreciated the injection kit for its clear instructions and error-prevention
features, describing it as a supportive tool that kept them organized and prevented omissions. One intern
commented, “You just follow the steps, so there is no need to worry about missing anything” (N4, intern,
SUS =100). A junior nurse added, “Everything is neatly categorized, making it very convenient to access'
(N26, junior nurse, SUS =92.5).

4

Those with lower scores found it confusing and cumbersome. One senior nurse noted, “There are too
many QR codes, which disrupts the instructional pace” (N6, senior nurse, SUS = 75). An intern (N18, SUS
=70) described a different barrier: “You can not just pick it up and use it alone—you need someone to
show you how first.
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Mixed-Methods Integration

The median SUS scores for the three groups were 75.0 for interns, 92.5 for junior nurses, and 87.5 for
senior nurses. Formal trend tests did not confirm this pattern as a statistically significant curvilinear or
monotonic trend (p > 0.05). Table 4 presents each group’s median SUS score alongside their key
interview themes.
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Table 4

Joint Display Matrix of Quantitative Trajectories and Qualitative Mechanisms

Participant Qualitative Themes & Meta-Inference Clinical Design
Group & SUS Quotes Implications
Profile

Junior Nurses

(n=7)

Seamless workflow
integration

“You just take it and

Seems to fit their stage—they
can use it without stopping to
think.

Keep it fast, keep it
simple. They don't
need the hand-
holding.

(1-7 years; teach the patient

median 5.0) directly” (N26, 92.5)

SUS=92.5

(87.0-100.0)

Nursing Structured scaffolding Their scores are lower, but that ~ Start simple. Show

Interns reliance makes sense—they're still them one step at a
learning the basics. Without time. Pair it with

(n=9) “checklists and videos clear guidance, they get lost. instructor demos

(Internship < 6
months)

SUS = 75.0
(72.5-85.0)

Senior Nurses

keep them on
track” (N4, 100)

Redundancy and
efficiency loss

They like that it’s all there—but
when it's too cluttered, it slows

Offer streamlined
paths, show only

(n=10) them down. core parameters, and
“too much stuff in the let users filter what
(>7 years way”(N6, 75) they see.
experience)
SUS=87.5
(80.0-90.0)
Extreme case N4.“Very One person’s “comprehensive”  Give users a choice
comparison comprehensive and is another person’s —'novice mode’ or
easy to use.” “overwhelming.” How the ‘expert mode.’ Let
N4 (intern, toolbox is perceived depends them set the level.
100) vs. N6:“There's so much on what the user brings to it.
content; it takes a lot of
N6 (senior time to get familiar
nurse, 75) with the box first.”

Note: SUS scores are presented as median (IQR). N denotes anonymised participant codes. QR =
Quick Response code. Quotes are annotated with clinical role and individual SUS score. Extreme
cases (N4: highest overall SUS; N6: lowest within senior group) were selected to illustrate maximum
variation in user experience. The joint display framework is adapted from Fetters, Curry, and Creswell
(2013)[47]. This joint display is exploratory in nature and intended to illustrate group-level descriptive
patterns and hypothesis generation, rather than to confirm statistical associations.

Interns reported difficulty using the toolkit independently, noting that it required initial guidance. Junior
nurses, by contrast, described it as easy and intuitive. Some senior nurses found that the toolkit
contained too much information and disrupted their workflow.
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For junior nurses, the highest scores were accompanied by the comment that the toolkit was “a
complete system—I can just take it and directly educate the patient, very convenient” (N26, junior nurse,
SUS =92.5). For senior nurses, lower scores reported concerns like “there are QR codes and various
things pasted all around; it feels like there’s too much content” (N6, senior nurse, SUS =75).

Three Identified Usability Gaps

By cross-referencing lower SUS scores with nurses’ interview data, we identified three main usability
gaps: that is, discrepancies between the intended design and actual user experience.

The first gap identified was the lack of guidance for beginners, which corresponds to SUS item 4 (“I think
that | would need the support of a technical person to be able to use this system”). Interns lacked
introductory guidance for independent use: as N18 (nursing intern, SUS = 70) stated, the toolkit“requires
instructor guidance before independent use.” The current teaching checklist (c) and QR code panel (f)
(Fig. 1) do not differentiate content by user experience level, nor do they provide a simplified introduction
for first-time users.

The second gap involved visual clutter (SUS item 6). Participants described the layout as visually
overwhelming, and some noted that it took longer to find what they needed during clinical procedures.
N6 (senior nurse, SUS = 75) described the layout as having ‘too many QR codes and materials stuck
everywhere—it’s visually overwhelming.’ As shown in Fig. 1, the teaching checklist (c), injection site
illustration (e), and QR code panel (f) are co-located without color coding or physical separation.
Participants associated this arrangement with longer visual search times during clinical procedures.

The third gap was the compact and disorganized internal layout, corresponding to SUS item 8 (“l found
the system very cumbersome to use”). N6 (senior nurse, SUS = 75) described it as “a bit too small,”
noting that it felt crowded once all items were in place. N22 (junior nurse, SUS = 75) similarly found the
variety of pen types made the space feel cluttered. More granular issues included compartment labels
that were difficult to locate (N2, senior nurse, SUS = 80) and a needle storage slot regarded as too narrow
for convenient access (N26, junior nurse, SUS = 92.5). Nurses reported that the most prominent
operational inconvenience occurred when multiple items needed to be retrieved simultaneously:
especially when two or three components were taken out at the same time, and that frequent searching
and mutual interference significantly increased the operation time.

Discussion

Main findings

The central finding of this study is that aggregated SUS scores can mask real differences across
experience levels. In descriptive terms, the three groups’ median SUS scores showed a ‘rise then slight
decline’ pattern (75.0 for interns, 92.5 for junior nurses, and 87.5 for senior nurses), although trend tests
did not reach statistical significance (p > 0.05)—likely a reflection of the small sample size (n=9, 7, and
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10 per group). What stood out more than this group-level pattern was the split within the senior nurse
group: five scored high, five scored low. That tells us the median of 87.5 doesn’t represent a single,
shared experience. The contrast was most clearly seen in two extreme cases: N4, an intern, scored the
toolkit 100, while N6, a senior nurse with 13 years of experience, gave it only 75—a 25-point gap under
identical conditions. To unpack this variability, Table 4 presents a joint display matrix that integrates
these quantitative scores with qualitative themes, revealing systematic experiential bottlenecks that
aggregate means would otherwise obscure.

Cognitive Stages and Perceived Usability

The SUS score difference between interns and junior nurses can be understood through Benner’s stages
of clinical competence[20]. Interns are at the “novice” stage. They have not yet developed an automatic
mental script for insulin injection teaching. Each step requires deliberate thought and integration. The
toolkit presents the full standardized procedure, but for a novice, that means high intrinsic cognitive
load[39]. This is why they need instructor guidance to reduce that load before they can use the toolkit
independently. One intern commented: “You can't just pick it up and use it alone—you need someone to
show you how first” (N18, intern, SUS = 70). Junior nurses, by contrast, have mastered the procedure but
are not yet fully automated. They remain dependent on checklists and video prompts. For them, the
toolkit offers just the right level of cognitive support: not too simple, not too dense. One junior nurse
stated: “Everything is neatly categorized, making it very convenient to access” (N26, junior nurse, SUS =
92.5). What this suggests is that usability is determined not by years of experience per se, but by the fit
between the tool's features and the user’s cognitive stage. That fit is precisely what is lost when one
looks only at the aggregated SUS mean.

These experiential differences were also reflected in the quantitative data, though the pattern was not
straightforward. The 17.5-point gap between interns and junior nurses was accompanied by a moderate
effect size (r = 0.50), but it did not retain statistical significance after Bonferroni correction. With only 26
participants, however, the effect size may be more informative than the p-value in suggesting where to
direct attention—it points toward the qualitative accounts and individual cases, rather than confirming a
stable group-level difference. What the convergence suggests is not that the difference is definitively
real, but that the aggregated mean alone does not tell the full story—a signal worth pursuing in larger
samples, not a conclusion about between-group significance.

Expertise Reversal Effect and Within-Group Heterogeneity

The even split of senior nurses' SUS scores between the high- and low-scoring groups can be explained
by a combination of Benner's expert stage characteristics and individual differences. Nurses at the
expert stage, whether administering insulin injections to patients or teaching patients to self-inject, have
already developed stable, internalized operational procedures: actions and verbal explanations flow
together seamlessly, without the need for conscious step-by-step thinking. However, when using the
toolkit, the mandatory QR code retrieval step requires users to select the matching content from multiple
videos, which disrupts their smooth workflow. This burden is not the kind of cognitive load seen in
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novices who "do not know what to do next," but rather the specific burden characteristic of experts when
automated processes are interrupted by redundant prompts. This is consistent with the predictions of
the Expertise Reversal Effect (ERE)[40]: when operations are highly automated, additional explicit
prompts increase rather than reduce cognitive load. As N6 noted: "There are too many QR codes, which
disrupts the instructional pace" (N6, senior nurse, SUS = 75).

However, the ERE is not a universal experience among all senior nurses. Table 4 also contains
contrasting feedback from a senior nurse in the high-scoring group: "Very comprehensive—I can just take
it and teach" (N5, senior nurse, SUS = 100). This suggests that even at the same experience level,
different individuals respond differently to the same information density. Individual variables such as
cognitive style and tolerance for structured materials[41] may be more predictive of this differentiation
than years of experience alone.

This variation also highlights a limitation of the framework we employed to group nurses. Benner's
model[20], while useful, was developed from qualitative narratives rather than as a quantifiable empirical
tool. Grouping nurses by title or years of experience into discrete stages is a practical approximation. It
may not fully capture the continuous nature of individual cognitive development[42]. This further
supports the idea that tool design should not assume all senior nurses prefer the same information
density. We therefore propose an adaptive direction: novices receive structured guidance by default,
while experts see a streamlined view, with both able to adjust details as needed (see Supplementary S7).
That is, ‘senior nurses’ are not a single user type.

Comparison with literature

Freeman et al[43] found a mismatch between SUS scores and actual skill performance in a non-nurse
population, which is consistent with what we observed in our study. The populations were different, but
both studies point in the same direction, suggesting that the person-tool mismatch might not be unique
to a specific group. What our study adds is that we used qualitative data to show why that mismatch
happens, and we traced it down to three specific usability gaps: lack of guidance for beginners, visual
information overload, and physical layout that affects workflow fluency, all of which are addressable.

Kim[13] found that novice nurses rated their emergency information system lower than expert nurses
did, the direction of that finding aligns with ours. Where our study adds something new is this: we found
that junior nurses, not experts, gave the highest SUS scores for the injection kit. And the senior nurses?
Their scores went both ways: some high, some low. That suggests that "senior nurse" is not one single
type of user. Their experiences diverge, and we need to pay attention to that split.

Strengths and limitations

Our findings suggest that aggregate SUS means may mask between-group differences. The single-ward
design, with a standardized toolkit and patient population, reduced contextual variability across groups,
though this inherently limits generalizability. The mixed-methods design enabled us to capture
experiential differences that SUS alone did not reflect.

Page 13/21



Several limitations should be considered. With only 26 participants, we were underpowered to detect
small-to-moderate curvilinear effects. Therefore the absence of statistical confirmation does not rule out
a meaningful clinical pattern. Rather, it reflects the exploratory scope of this study. Whether the observed
rise-then-slight-decline pattern is stable will need to be tested in larger samples. The single-center design
limits generalizability, despite including nine nurses from other hospitals. Years of experience and
professional title were tightly linked (n? = 0.86), making it hard to separate their individual contributions.
SUS might not be sensitive enough to capture the subtle disruptions that senior nurses experienced
during automated tasks [24,44]. We relied on self-reports and preceptor verification, and only a small
number of participants completed the member check. Colleagues may have held back criticism out of
interpersonal considerations, potentially introducing response bias[45]. Recall bias may also have
affected retrospective accounts of toolkit use[46].

Despite these limitations, our findings point to one practical direction. Future iterations of the toolkit may
need to consider different user pathways for novice and expert users. Whether such adaptations actually
improve usability would need to be tested in future studies. Drawing on participants’ accounts of
cognitive load and workflow disruptions, we outline experience-stratified design directions for future
iterations of the toolkit (see Supplementary S7). These are conceptual only and have not been validated
in the current physical toolkit.

Conclusions

We found that the aggregated SUS mean masked the differences in usability across experience levels. In
future SUS evaluations, stratified reporting by experience level could be considered to reveal such
between-group differences. This suggestion is grounded in the descriptive patterns observed in our
sample and warrants further investigation in larger, more diverse populations. Our mixed-methods
integration (Table 4) further revealed ‘person-tool fit' as a core mechanism underlying usability
evaluation. The descriptive trend observed in this study has not been statistically confirmed and should
therefore be treated as hypothesis-generating in nature, requiring validation in larger samples. Tool
design should take users’ experience levels into account, providing different use pathways for novice and
expert users.
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Figures

(a) Closed portable toolbox (b) Open layout of the toolbox (c) Teaching checklist

(d) Simulated skin pad {e) Injection site illustration (f) QR code panel

Figure 1

Insulin injection educational toolkit

Note: (a) Closed portable toolkit; (b) Open layout showing internal modules; (c) Teaching checklist
(seven-step procedure); (d) Simulated skin pad for injection practice; (e) Injection site illustration for
rotation guidance; (f) QR code panel linking to instructional videos.
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Figure 2

Distribution of System Usability Scale scores by clinical experience level

Note: Box plots show the median (horizontal line), interquartile range (box), and min—-max range
(whiskers). Individual data points are jittered for clarity. Kruskal-Wallis H test revealed a statistically
significant difference between groups (H(2) = 6.94, p = 0.031, n?_H = 0.23). Bonferroni post hoc
comparisons showed that junior nurses scored significantly higher than nursing interns (p = 0.047). ns
indicates non-significant difference (p> 0.05). SUS, System Usability Scale.
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Figure 3

Distribution of individual SUS scores across professional title groups (from left to right: nursing interns,
junior nurses, senior nurses)

Note: Arrows indicate the counterintuitive extreme cases: nursing intern N4 (100 points) and senior
nurse N6 (75 points). The horizontal dashed line indicates the ‘good usability’ threshold (>80.3 points;
Bangor et al., 2009)[24]. SUS, System Usability Scale.
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