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ABSTRACT

Pharmacy virtual simulation experiments have become a technical means in higher education to
simulate the real world and help students acquire skills or experience. They help students understand
complex concepts more deeply through visualisation and interactive operations and enhance skills
in a safe, controlled setting. However, limited realism, limited scenarios and sensory experiences,
the lack of face-to-face human interaction, a focus on technique or procedure rather than soft skills,
and virtual simulation cannot automatically trigger deep, interactive learning. This study aimed to
develop a rubric to measure students’ deep, interactive learning in the pharmacy virtual simulation
environment, aligned with the requirements of future pharmacists. It involved a multi-phase process
to ensure the rubric’s content and construct validity, integrating the literature review, expert review,
students’ feedback and statistical analysis using the Rasch measurement model. The participants were
second-year pharmacy students from a Chinese medical university. The rubric had 10 dimensions,
each with 4 levels. It provided a clear set of task performance criteria and had good usability and
administrability for college students’ self-assessments. The Rasch analysis showed that the rubric was
unidimensional, indicating that the rubric items functioned together to measure a single underlying
construct, integrating deep and interactive learning in a pharmacy virtual simulation environment.
This rubric empowered students to objectively self-assess complex learning performance and
encouraged them to engage deeply with the learning material. It addressed current assessment needs
and laid the groundwork for future innovations in educational assessment.
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INTRODUCTION

Experimentation is essential for pharmacy college students. Due to limitations in laboratory
space, cost, and other factors, some crucial experiments cannot be conducted or experienced
in natural settings (1). As a result, virtual simulation experiments have become a technical
means in higher education to simulate the real world and help students acquire skills (2).
They help students understand complex concepts more deeply through visualisation and
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interactive operations (3,4). The immersion and interactivity characteristics of virtual
simulation can enhance student engagement (5,6). Overall, they have shown the potential to
promote deep and interactive learning. However, the literature has also shown that learning
should be regarded as the result of the combined action of scientific teaching design,
precise measurement, and dynamic evaluation, rather than solely on the virtual simulation
itself (7,8). Some students might not understand the experimental process and only
perform mechanical operations in the virtual simulation interface, thus forming shallow
cognition (9).

Therefore, it is vital to effectively use virtual simulation experiments to support students’
deep, interactive learning and to measure whether students have achieved it. Assessment
plays a crucial role in shaping college students’ deep and interactive learning behaviour,
especially when it is ongoing and formative rather than solely summative (10). Compared
with other assessment tools, such as scales and checklists, the most significant advantage
of the rubric is that it is not only a consistent and fair measurement tool, but also has
multiple dimensions (11). Each dimension is divided into different levels, each with a
detailed description. These dimensions empower students to assess their work against
explicit criteria, prompting them to reflect on their learning processes and outcomes
(12,13). However, validated rubrics are rare for deep and interactive learning in the
pharmacy experiment simulation environment. The limited rubrics measured students’
performance and procedural skills in specific virtual simulation experiments (14-17).

This study aims to develop a valid and reliable rubric to assess students’ deep, interactive
learning in pharmacy virtual simulation experiments. It helps teachers provide an operable,
clear, and validated rubric to reduce their time spent individually evaluating students’ work
through descriptive comments. It also provides students with self-assessment tools to foster
deep, interactive learning. It addresses the following questions: What is the rubric’s content
validity and construct validity? How reliable is the rubric? What is the relationship between
item difficulty and person ability? What are the results of the rating scale analysis of this
rubric? What is the students’ feedback after using the rubric?

LITERATURE REVIEW

Deep Learning

Research on deep learning has stemmed from a focus on students’ learning processes.
Marton and Saljo (18) found that students had two learning styles: superficial and deep.
Bloom et al. (19) proposed a hierarchical classification of cognitive processes, ranging
from basic recall to higher-order thinking, including application, analysis, synthesis and
evaluation. In the revised taxonomy, Anderson and Krathwohl (20) reconceptualised these
categories as active cognitive processes (applying, analysing, evaluating and creating).
These higher-order cognitive processes are commonly associated with deep learning in
contemporary educational research (21).

Besides cognitive aspects, deep learning also focuses on context or situational aspects.
Sawyer (22) found that deep learning included establishing new and old knowledge
connections, constructing conceptual systems, abstracting and expressing patterns and
principles, evaluating and solving problems, engaging in deep dialogue and reflecting.
The U.S. National Research Council (23) proposed a framework of student competencies
for deeper learning, comprising the cognitive, interpersonal, and intrapersonal domains.
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The Alliance for Excellent Education also suggested deep learning, including how deeply
students understand the content, how they apply knowledge to solve problems, their ability
to communicate using a range of media and their ability to collaborate with peers, self-direct
and provide feedback (24). The Programme for International Student Assessment aimed to
measure students’ deep learning ability—that is, whether they could apply knowledge to a
real-world problem and analyse, reason and communicate as they formulate, interpret and
solve problems in various contexts (25).

Assessment of Deep Learning

Likert scales are the most popular form of assessment in the literature. However, the
dimensions that make up these scales provide valuable material for this study. Panadero et al.
(26) developed the deep learning strategies questionnaire, which contains four dimensions:
basic learning self-regulation strategies, visual elaboration and summarising strategies,
information processing strategies and social learning and self-regulation strategies. The
questionnaire shows that interactive learning and deep learning are interrelated, as
indicated in other studies (27). Nelson Laird et al. (28) developed the National Survey of
Student Engagement with the following sub-scales: sub-scale of higher-order learning,
which is based on Bloom’s Taxonomy; sub-scale of integrative learning, which emphasises
the importance of sourcing and integrating information from various places, encouraging
discussions with teachers or peers; and sub-scale of reflective learning, which examines the
strengths and weaknesses of one’s viewpoints. Compared with the scale of Panadero and
Romero (29), this scale also includes interactive learning, deep information processing and
reflection, but does not mention visual elaboration and summarising strategies.

Some Chinese studies have also focused on assessing deep learning. Li (30) designed a
scale for an intelligent classroom environment that includes four dimensions: knowledge
transfer, innovative thinking, interaction, and emotional psychology. Similar to the scale
developed by Panadero et al. (26), the knowledge transfer dimension includes connecting
and integrating new and old knowledge, applying knowledge to solve new problems and
linking knowledge from other disciplines. This scale also involves innovative thinking
and emotional psychology. Another Chinese scholar divided emotional psychology into
two types: positive emotions manifested by curiosity, joy and pride and negative emotions
manifested by anxiety, depression, boredom or confusion (31).

Zhu (32) introduced a scale within Science, Technology, Engineering, Arts, and Mathematics
(STEAM) education, delineating four dimensions. First, thematic integration involves
synthesising pertinent content from interconnected subject areas. Second, knowledge
construction underscores students’ ability to apply acquired knowledge to analyse real-
world problem scenarios. Third, emotional investment denotes students’ capacity to exhibit
subjective initiative, actively engage in learning activities and derive pleasure or other
positive feelings from the learning process. Finally, thinking diagnosis highlights students’
adept use of information technology to address challenges and cultivate advanced forms of
thinking. Although Zhu’s (32) scale is based on STEAM education, it is similar to the one
designed by Li (30).

In addition to the dimensions themselves, scholars have also provided evidence for
dimensional measurement. Regarding the dimension of reflection, Masuku et al. (33)
viewed deep learning as a reflective learning process rather than merely completing a task.
Moreover, they suggested that lectures allow students to reflect on and assess their learning
(33). Stupans et al. (34) asserted that reflection should connect performance criteria and
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related evidence. Er et al. (35) recognised that reflection reports should be written based on
learning experiences, supported by evidence of participation in activities, and include an
improvement plan.

In summary, knowledge transfer and integration, interactive learning and emotional
psychology were the dimensions that appeared frequently. Summarising and visual
elaboration, deep information processing, self-regulation, social learning, knowledge
construction, reflection, and high-order thinking (or critical thinking) were also reported in
the literature.

Interactive Learning

Interactive learning, grounded in social constructivist theory, emphasises the role of social
interaction in cognitive development (36). However, researchers have different views about
the elements of interaction. For Simpson and Galbo (37), interaction includes all behaviours
in which individuals and groups act upon one another, with the essential characteristic of
reciprocity. Wagner (38) defined interaction as reciprocal events that require at least two
objects and two actions. Moore (39) identified three types of interaction: learner-content,
learner-instructor and learner-learner. Hillman et al. (40) argued that Moore’s three types
do not account for the interactions between a learner and the technologies that deliver
instructions and content, therefore adding a fourth: learner-interface interaction. Sabry and
Baldwin (41) used ‘information’ instead of ‘content’ in Moore’s learner-content interaction,
indicating that a broader meaning should include the extensive scope of the course and non-
course materials. Holden and Westfall (42) distinguished asymmetrical from symmetrical
interaction and asserted that asymmetrical interaction involves one-way communication,
whereas symmetrical interaction is equally balanced between the parties. Ashwin (43)
believed that interaction is not only face-to-face but also includes online and offline forms,
in-class and out-of-class.

Therefore, scholars have regarded interaction as an organic integration of teacher-student,
student-student and student-content interactions. It offers greater advantages in increasing
learners’ reciprocity.

Assessment of Interactive Learning

The scales teachers use to evaluate interactive learning vary by course. A rating scale for
small-group interactions in a language course focused on pronunciation, intonation,
grammar, vocabulary, the expressed information, ideas and feelings (44). In a marketing
course, Pearce and Lee (45) highlighted that oral presentations typically assess a range of
skills, including subject knowledge, confidence, conciseness and quality of responses,
on-the-spot thinking, communication abilities, application of theory to practice, question
handling, body language, professional demeanour, and response clarity. Nevertheless,
it is also possible to summarise the dimensions of interactive learning based on the types
of interactions. Learner-learner interactions primarily involve effectively expressing
opinions and synthesising others’ views (44,45) . The learner-content interaction is mainly
characterised by using technology tools and learning from mistakes (46). The learner-
instructor interaction is a reflection of teachers’ feedback (47).
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Therefore, deep learning and interactive learning are closely linked in education. The
literature on deep learning encompasses various dimensions, such as interactive and social
learning. Notably, deep learning is also a focal point in the field of interactive learning.
However, only a few rubrics are available for deep learning or interactive learning for
college students, especially in virtual simulation environments.

Rubrics as an Appropriate Assessment Tool for Deep and Interactive Learning in
Virtual Simulation Environments

Assessment plays a crucial role in shaping college students’ learning behaviour, especially
when it is ongoing and formative rather than solely summative. Formative assessment
provides continuous feedback, helping students identify their strengths and areas for
improvement. This ongoing feedback loop encourages learners to reflect on and revise their
learning strategies, fostering self-monitoring and self-regulation of learning behaviour (48).
Moreover, when assessments are designed to involve students actively through self- or peer
assessment, students’ intrinsic motivation, responsibility, and autonomy increase, leading
to more sustained and self-directed learning behaviours (10).

Rubrics are an appropriate assessment tool for deep and interactive learning in a pharmacy
virtual simulation environment. It is well suited for evaluating deep, interactive learning,
especially in complex, performance-based environments such as virtual simulations. Virtual
simulations are interactive settings in which students must integrate their knowledge and
skills to solve realistic and complex scenarios (49,50). In such environments, rubrics provide
a structured and transparent assessment framework that aligns with the goals of deep
and interactive learning, capturing the process and the results of learning and prompting
students to reflect on their learning processes and outcomes (51). It can even be said
that rubrics are not just a tool for measuring learning, but also a mechanism to promote
deeper engagement and guide students towards meaningful interaction with virtual
simulations (52).

Rubrics have been successfully employed to enhance the effectiveness of simulation-
based learning. The Implementation Quality Rubric for Simulation has been used in
medical education to improve the quality of simulation-based courses (12). Rubrics help
identify implementation gaps and monitor progress, ensuring that simulations achieve the
desired learning outcomes by providing clear, structured criteria for both instructors and
learners. Similarly, the Simulation-Positive Learning Evaluation rubric has demonstrated
positive reliability in assessing clinical simulation performance, reinforcing its role in
guiding student learning through well-defined expectations and feedback (53). The rubric
designed for childhood pneumonia simulation helped nursing students reflect on their
clinical skills and caring behaviours, fostering deeper cognitive and affective engagement
with the simulation content (51). The scenario-specific rubrics used in deteriorating patient
simulations have proven reliable and valid, enhancing learners’ self-regulated preparation
and performance by clarifying learning goals and providing actionable feedback (13).
These examples illustrate that rubrics serve as scaffolds that clarify expectations, promote
reflection and support formative feedback, which are essential for meaningful interaction
with simulations. By translating complex competencies into transparent, manageable
criteria, rubrics empower learners to engage actively, self-assess and internalise learning
goals, making them ideally suited to guide student learning behaviour in virtual simulation
environments.
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Current Challenges in Virtual Simulation Environments and the Rubric Used in
Pharmacy Virtual Simulation Environments

Virtual simulation environments have positive features that are beneficial to students’
learning. They help students understand complex concepts more deeply through
visualisation and interactive operations (54). Instant feedback and a repeatable operating
environment provide reflective learning support for students (55). Immersion and
interactivity characteristics can enhance student engagement (56). However, the literature
also shows that learning outcomes should be regarded as the result of the combined action
of multiple factors, rather than the sole reliance on the virtual simulation itself. Enquiry-
based learning, blended learning, and collaborative learning, as well as assessment and
evaluation, are integrated into the learning process of virtual simulation experiments
(57-60).

At present, the challenges in implementing virtual simulation for deep and interactive
learning include the following aspects: the first is limited realism in scenarios and sensory
experiences (61). Virtual simulation cannot capture all the complexities of the real world,
mainly focuses on vision or hearing and lacks other senses. The second aspect is its low-
quality immediate feedback, which lacks details, context or relevance (57). The third
aspect is that it primarily involves human-computer interactions and lacks face-to-face
interaction (62). Finally, virtual simulation may focus on techniques and procedures while
neglecting soft skills (63). In summary, a purely technical presentation in virtual simulation
cannot automatically trigger deep, interactive learning. Scientific teaching design, precise
measurement, and dynamic evaluation are essential elements for meeting current
challenges.

To address these challenges, the development of a targeted rubric for pharmacy students
in virtual simulation environments should aim to assess higher-order cognitive skills and
encourage active engagement and interaction, as well as critical thinking and reflection. The
existing rubrics have evaluated students’ learning performance, skills or results in the virtual
simulation environment (15,16,64,65). However, because the purposes or topics of evaluation
vary, the dimensions of the rubrics differ. These rubrics are usually designed according to
the operational procedure of simulation experiments; thus, different experiments have
different rubric dimensions. Moreover, rubrics are not always validated in studies.

Therefore, rubrics on deep, interactive learning in the pharmacy simulation environment
are rare. Although rubrics are applied in various fields of virtual simulation environments,
some have not been tested for validity and reliability.

METHODS

Developing a rubric requires a systematic approach to ensure content and construct validity.
This section outlines the study setting, participants, data collection and analysis methods.

Study Setting

The pharmacy virtual simulation examined in this study was a desktop virtual reality
developed by a Chinese intelligent technology company. Figure 1 shows the students’
computer interface of the pharmacy virtual simulation. After logging in on a computer,
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users could enter the virtual pharmacy directly and roam its three-dimensional scenes using
the keyboard and mouse. The user can create the roles of a pharmacist and a customer. The
scenario in this study was a pharmacist serving a customer with hypertension.

Figure 1: Students’ computer interface of the pharmacy virtual simulation.

The content of scenarios in virtual simulation experiments is often interdisciplinary due to
their realism. Similarly, the scenarios in which pharmacists serve patients with hypertension
involve knowledge and skills in physiology, medicine, pharmacy and health management.
Therefore, the students’ learning process is divided into six topics: physiology, organ
damage, blood pressure measurement, drug mechanisms, health management, and patient
counselling. The rubric was used six times for self-assessment by students trained by the
instructor, who were asked to carefully read and review each level’s descriptions of the
dimensions. Instructors designed learning experiences that thoughtfully combine virtual
simulations with enquiry, exploration, communication, discussion, test, assessment and
reflection. Therefore, the students first operated the pharmacy virtual simulation, explored
the teacher-raised scenario-related questions, and prepared their experimental reports to
answer them. They could use any resources individually. Subsequently, they were divided
into small groups to present their slides and discuss their ideas in the group. Finally, each
student completed the multiple-choice knowledge test, drew a mind map, and wrote a
reflection report.

Process of Developing the Rubric

The development process of the rubric complied with Brookhart’s framework (66). First,
the learning objective was identified—that is, facilitating the college students’ deep and
interactive learning in the pharmacy virtual simulation environment. This goal was
consistent with the requirements of future pharmacists: professional knowledge and skill,
communication and collaboration, critical thinking and interdisciplinary and continuous
learning. Second, a literature review was conducted to determine the specific dimensions of
the rubric—that is, the skills or behaviours the assessment should measure. Third, the study
had been conducted since 2022, and the rubric’s content was continually considered and
revised. In particular, what kind of content design would make it easier for college students
to understand and operate? How do we distinguish between each level of the dimensions?
The rubric’s content was designed on this basis. Fourth, the student sample was collected
to validate the construct of this rubric, and students’ feedback was collected after they
participated in this study and used the rubric.
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Content validity of the rubric

Content validity is defined as the degree to which a measurement instrument adequately
represents all facets of the construct it aims to assess (67). First, the rubric for deep and
interactive learning was generated from a literature review. Then, the teacher practised the
teaching and learning process in the virtual simulation course to decide how to describe the
content of each dimension and to make the differences among its levels more significant
and easier to understand. Starting in 2022, teachers gradually accumulated evaluation
experience, laying a solid foundation for the content design of this rubric.

Second, it was crucial to thoroughly analyse and review the written items by content experts
who could provide valuable insights into the instrument items’ relevance, clarity and
meaningfulness (68). Five experts from the education and pharmacy fields commented on
and suggested modifications individually. Third, the pharmacy students used the rubric to
conduct self-assessments and to express their feelings and revision suggestions about it.
Finally, the five experts reviewed the revised rubric until no amendments were needed.
Thus, the modification process continued until the experts and students accepted the rubric.

Construct validity of the rubric

Rasch analysis was used to validate the rubric’s construct, which is crucial because it allows
for a statistical review of items beyond the scope of expert judgement (69). It can contribute
to validating a rubric by assessing unidimensional measurement, item and person reliability,
item and person separation, the Wright Map, item fit, and monotonicity. For construct
validity, data were collected through the learning process with 73 second-year pharmacy
students and included six successive students’ self-assessments based on the rubric. Six
subjects were extracted from virtual simulation scenarios of hypertension: pathophysiology,
organ damage, diagnosis, pharmacological interventions, lifestyle management and patient
counselling.

RESULTS

Content Validity and the Dimensions of the Rubric

The literature review and teaching practice were included to form the initial rubric content,
and the final content was determined through expert review and student feedback. For
the literature review, nine dimensions, including summarising and visual elaboration,
knowledge construction, knowledge transfer and integration, higher-order thinking,
self-regulation and reflection, learner-content interaction, learner-learner interaction,
learner-teacher interaction and emotional psychology, were designed for the first edition
of the rubric. Each dimension had five different scales. Five experts in measurement and
pharmacy carefully reviewed the rubric and suggested revisions.

The experts considered all the dimensions essential for assessing deep and interactive
learning. First, enabling students to conduct self-assessment objectively requires explicit
emphasis on supporting evidence. The evidence that helped students conduct self-
assessment should therefore be clearly specified in the rubric. Second, the words in the
description were relatively abstract rather than specific and understandable to the students.
Third, the rubric had so many words for students to review. Complex rubrics may intimidate
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and confuse students. Thus, it is recommended that the dimension levels be reduced.
Finally, each dimension should be simple and contain only one aspect to be evaluated.
The dimension of ‘summarising and visual elaboration’ included two different aspects:
summarising and visual elaboration.

After the amendment, the second edition of the rubric contained 10 dimensions: processing
of learning content, production of figures or tables, higher-order thinking, construction
of knowledge framework, self-reflection, interaction with learning content, presentation
in the group meeting, interaction with group members, interaction with the teacher and
psychological emotion. Each dimension had four levels: novice, limited, master and
excellent. The rubric was reviewed again by experts. They all agreed that the second edition
was more operational and accessible to students.

Finally, 30 students were asked to give their perceptions of the rubric. All students agreed
that the rubric provided clear performance criteria for the task, helping them understand
what was expected. The rubric served as a guide, allowing them to think critically about their
work. However, three students pointed out that the dimension of higher-order thinking was
difficult to evaluate.

Why was higher-order thinking abstract for students? Bloom’s Taxonomy is a sophisticated
educational tool that categorises cognitive processes and distinguishes between lower-
and higher-order thinking. However, the abstract concepts were beyond college students’
cognitive and perceptual capacities, making it difficult to accurately assess their cognitive
processes (70). Therefore, knowing the ‘what’ and ‘why’ replaced Bloom’s Taxonomy in the
rubric, which was much easier for students to measure. Therefore, the literature review,
expert review, and student feedback provided strong evidence for the rubric’s content
validity.

Construct Validity Using Unidimensionality Analysis and Item Fit

The unidimensionality analysis ensured that the rubric measured a single underlying
construct of deep and interactive learning (71). The item fit helped assess how well individual
dimensions in the rubric conformed to the expectations of the Rasch model. The results of
the unidimensionality analysis are presented in Table 1.

Table 1: Results of the unidimensionality analysis

Result Empirical (%) Modelled (%)
Total raw variance in observations 24.7 100.0 - 100.0
Raw variance explained by measure 14.7 59.4 - 59.2
Raw variance explained by persons 1.8 48.0 - 47.8
Raw variance explained by items 2.8 1.4 - 1.4
Raw unexplained variance (total) 10.0 40.6 100.0 40.8
Unexplained variance in 1st contrast 1.7 7.0 17.2 -
Unexplained variance in 2nd contrast 1.3 5.3 13.2 -
Unexplained variance in 3rd contrast 1.2 4.9 12.2 -
Unexplained variance in 4th contrast 1.2 4.7 .7 -
Unexplained variance in 5th contrast 1.1 4.4 10.8 -
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In Table 1, the variance explained by the measurement dimension is 59.4%, which is higher
than 40% (72,73), indicating that nearly 60% of the data are explained by the primary latent
trait. The unexplained variance in the first contrast is 7.0%, which is no more than 15% (72),
thus suggesting the poor strength of the secondary latent trait. The unexplained variance
in the first contrast is 1.7 eigenvalue units, smaller than 3.0 (72,73). Finally, the ratio of the
variance in the measurement dimension to the variance of the first principal component
of residuals is 8:1. These results show that the rubric is unidimensional. The items’ fitness
levels were assessed using the outfit mean-square (MNSQ) and outfit standardised fit statistic
(ZSTD). The results are presented in Table 2.

Table 2: Item fit for the rubric

Item Total Total Measure Model Infit Outfit PT Measure
score count SE MNSQ 2zSTD MNSQ 2zSTD CORR. EXP.
D9 916 438  0.83 011 130 40 131 35 075  0.77
D3 935 438  0.62 011 084 -25 080 -26 081 077
D2 956 438  0.38 oM 132 44 127 32 076 077
D8 979 438 0.2 o1 102 03 097 -03 078 077
D4 993 438 -0.03 O0M 100 03 096 -04 079 077
D6 998 438  -0.09 0N 098 -03 095 -0.6 08 077
D7 1,000 438  -0.M 011 087 -20 085 -20 074 077
D10 1,039 438 -055  0i1 087 -21 086 -1.8 075  0.77
D5 1,041 438 -057 oM 105 08 101 02 073  0.77
D1 1,042 438  -059 041 069 -51 0.67 -48 081 077

Note: S.E. = Standard error; MNSQ = Mean square; ZSTD = Standardised fit statistic;
CORR. = Point-measure correlation; EXP. = Expected point-measure correlation

In Table 2, the outfit MNSQ values for each item range from 0.5 to 1.5 (74). The outfit ZSTD
values of D4, D5, D6, D7, D8 and D10 are within the range of -2 to 2 (74), but the outfit ZSTD
values of D1, D2, D3 and D9 are beyond this range. However, after a discussion with the
experts, the four items were retained. The most significant reason was that these items
were crucial for deep and interactive learning assessments. Removing them could lead to
gaps in the assessment of the measured construct. Another reason was that the ZSTD values
were sensitive to the sample size. If the mean-square values (MNSQ) were within acceptable
ranges (typically 0.5-1.5), the ZSTD values could often be ignored (75).

Reliability of the Rubric

The rubric’s reliability included person and item reliability. Person reliability and separation
are statistics that help assess the quality and effectiveness of a measurement instrument
(76). Person reliability indicates the consistency of the person measures. Person separation
suggests how well the items separate individuals into distinct ability levels.

In Table 3, the person reliability is 0.91, which is close to 1 (77), indicating that the rubric is
reliable in distinguishing between different levels of the trait. The person separation is 3.18,
which is greater than 2 (77), indicating that the rubric can differentiate at least three distinct
groups of abilities. These results imply that the rubric is reliable for measuring students’
deep and interactive learning and can effectively separate students into different ability
levels.
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Item reliability and separation provide insights into the quality and effectiveness of the
items in a measurement instrument. Item reliability indicates how well items can be
differentiated along the measured variable. Item separation measures the spread of items
along the difficulty continuum. This indicates how well the items can be distinguished from
each other in terms of their difficulty levels.

Table 3: Results of person reliability and separation

Model Infit Outfit
Statistic Total Count Measure
Erion MNSQ ZSTD MNSQ ZSTD
Mean 22.6 10.0 -1.32 0.78 0.97 -0.2 0.97 -0.2
S.D. 5.5 0.0 2.69 0.19 0.67 1.4 0.70 1.4
Real RMSE 0.81 True S.D. 2.56 Separation 3.18 Person 0.91
reliability

In Table 4, the item reliability is 0.95, which is close to 1.0 (78), indicating excellent item
reliability. The item separation value of 4.18, which is above the recommended minimum of
3.0 (77), suggests that the items can be divided into at least 4 distinct difficulty levels. These
high values of item reliability and separation indicate that the rubric creates a set of items
that effectively cover the range of the latent trait and can consistently distinguish between
different levels of item difficulty.

Table 4: Results of item reliability and separation

Statistic  Total Count Measure Model Infit Outfit
error MNSQ ZSTD MNSQ ZSTD
Mean 989.9 438.0 0.00 0.1 0.99 -0.3 0.97 -0.6
S.D. 42.0 0.0 0.47 0.01 0.19 2.7 0.19 2.4
Real RMSE 0.1 True S.D. 0.46 Separation 419 Item 0.95
reliability

Comparison Between Item Difficulty and Person Ability Using the Wright Map

The Wright Map is a visual representation of a person’s abilities and item difficulties on the
same linear scale (79). It allows for a direct comparison between a person’s abilities and the
distribution of item difficulty.

In Figure 2, the distribution of a person’s abilities ranges from -7 to +6 logits on the left,
with most respondents clustering around -3 to +2, indicating that most had moderate
abilities. On the right side, the rubric dimensions range from a logit value of -1 to +1. D9
is the most challenging item, while D1, D10, and D5 are the most accessible, at around 0.5
logits. The item mean is 0.00 logits, while the person mean is —1 logits, indicating that the
items are relatively challenging for students. The rubric was used to measure students’ deep
and interactive learning, and the students needed to make considerable efforts to achieve
excellent learning performance.
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Figure 2: Results of the wright map.

Rating Scale Analysis of the Rubric

Monotonicity is essential for proper category ordering in rating scales. This means that the
probability of endorsing an item or giving a correct response will continuously increase as
an individual’s trait level increases (80). A probability curve can be used to visually assess
whether it performs optimally.

In Table 5, each category has at least 100 observations. The observed average values
monotonically increase from —4.95 to 3.43. Moreover, the outfit MNSQ is close to 1, which
is less than 2.0 (81). The threshold also monotonically increases, and the increase between
two adjacent values is in the range of 1.4-5 logits (81), except for the increase between level
3 (master) and level 4 (excellent). The probability of responding to each category, given the
difference between a person’s ability and an item’s difficulty, is illustrated in Figure 3. Each
category has a distinct peak, indicating that participants reliably distinguished the response
categories (82).

Table 5 shows 1,526 observations for the master level, but only 103 for the excellent level.
Level 4 (excellent) represents a rarer performance compared with level 3 (master). The
large threshold increase helps differentiate top performers from those who have achieved
mastery, but not excellence. There is motivation among students who want to achieve an
excellent level. A large gap between mastery and excellence is expected with continued
effort and improvement.
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Table 5: Summary of the category structure

Category Score Observed Observed Infit Outfit Andrich
label average MNSQ MNSQ threshold
Count %
1 1 593 14 -4.95 0.94 0.91 None
2 2 2,158 49 -2.07 0.96 0.92 -4.85
3 3 1,526 35 0.85 1.03 1.03 -0.30
4 4 103 2 3.43 1.15 1.06 5.15
SUMMARY OF CATEGORY STRUCTURE. ModeT1=""R
JCATEGORY  OBSERVED |OBSVD SAMPLE | INFIT OUTFIT||STRUCTURE|CATEGORY|
ILABEL SCORE COUNT % |AVRGE EXPECT| MNSQ MNSQ| | CALIBRATN| MEASURE|
R
i3 3 M8 *31 585 51330 1:93 118311 5138 i &i3hi 3

OBSERVED AVERAGE is mean of measures in category. It is not a parameter estimate.
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Figure 3: Probability curves for the four categories.

Changes in the Self-Assessment Levels of Each Dimension for Six Times

To compare self-assessment levels across different dimensions at six time points and show
their changes, novice was assigned a value of 1, limited was assigned a value of 2, master
was assigned a value of 3, and excellent was assigned a value of 4. Then, the average value of
each dimension was calculated for comparison in the six self-assessments.

As shown in Figure 4, in the first self-assessment, the mean value of D10 (psychological
emotion) is the largest, followed by the mean value of D7 (presentation) in the group
meeting. By contrast, D2 (production of figures or tables) has the smallest mean, followed by
D8 (interaction with the group members).

As the number of self-assessments increases, the average value of each dimension increases.
The largest increase is in D6 (interaction with learning content), as denoted by the green
line, and the second largest increase is in D8 (interaction with group members). Conversely,
the smallest increase is in D7 (presentation in the group meeting) and D10 (psychological
emotion). As mentioned above, D7 and D10 have relatively high average values in the first
self-evaluation, which is also the reason for the small increase.

Thus, after six self-assessments, students’ levels of the 10 dimensions improved, indicating
that their deep and interactive learning levels indeed improved. Especially for the interactive
aspect, the dimensions of interaction with learning content and interaction with the group
members showed the greatest increase.
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Figure 4: Changes in the mean value of the dimensions in six self-assessments.

Students’ Feedback After Using the Rubric

Seventy-three pharmacy students gave feedback on the course and the rubric’s usage. They
all agreed that their knowledge of hypertension had greatly improved. They also mentioned
their progress in creating slides, producing figures and charts, processing learning content,
think independently, speaking and presenting in the group, and interacting with group
members. However, some participants reported that their progress in interacting with group
members was unsatisfactory because they could not take the lead within the group or create
a free and positive discussion environment. At the same time, the level of interaction with
the teacher needed to be improved, as a two-way interaction between students and teachers
had not been spontaneously formed.

How did the rubric facilitate their deep and interactive learning? According to the
respondents, they could face their shortcomings and areas for improvement from an
objective and diversified perspective. As the dimensions’ levels gradually increased, the
requirements also increased. The rubric provided a clear set of task performance criteria
and was usable and administrable to them.

DISCUSSION

The Rubric is an Appropriate Assessment Tool for Deep and Interactive Learning,
Especially for Ongoing or Formative Assessment

The rubric involves a rigorous, multi-phase development process that integrates a literature
review, expert review, students’ review and Rasch analysis. It is a comprehensive tool for
assessing the depth and interactivity of the pharmacy virtual simulation. Compared with the
other assessment tools created by Panadero et al. (26), Laird (28), Wang (31), Li (30) and
Zhu (32), the rubric encompasses a wide range of dimensions that capture the cognitive
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and social aspects of learning and provides a holistic view of the learning process. It can be
used as a tool for ongoing or formative assessment, offering actionable feedback to students
and helping improve their overall learning approach. In this study, the students conducted
six self-assessments and reflections on different topics related to hypertension patients.
This process encouraged metacognitive skills, as the students reflected on their learning
behaviours and outcomes, deepening their understanding of deep and interactive learning
and identifying their strengths and areas for improvement. Feedback from the clear rubric
was actionable and specific, allowing students to focus on particular dimensions and make
meaningful improvements.

Within the Specific Environment of the Pharmacy Virtual Simulation, Deep Learning
and Interactive Learning are Tightly Intertwined, Even as a Unified Construct

Although deep learning and interactive learning are distinct constructs in general
educational theory, within the specific environment of the pharmacy virtual simulation,
these processes are tightly intertwined, even as a unified construct. In other words, pharmacy
virtual simulation tasks require students to engage in deep learning and interactive learning
simultaneously.

As described in the literature review, visual and interactive features are the most significant
features for virtual simulation (54). Visually presenting learning content and allowing
students to manipulate and explore virtual objects can enhance the immersion and
engagementin their learning experience. Therefore, learning in pharmacy virtual simulation
environments requires students to at least interact with virtual patients (e.g., answering
patient questions) to trigger deeper learning content (e.g., medication mechanisms and
prescription analysis). Interaction has become a necessary condition for deep learning,
leading to their inseparable behaviour.

In addition, the scenarios in pharmaceutical virtual simulation experiments come from
the real world. For undergraduate students, the complexity and interdisciplinary nature
of learning tasks force them to enter a deep learning state through interaction. Moreover,
student interaction should not be limited to objects in virtual simulation experiments (e.g.,
virtual patients), but should also include peers and instructors. Alternatively, in virtual
environments, student knowledge is constructed through interaction, and deep learning is a
natural product of interaction rather than an independent process.

This result does not negate traditional theories that hold that deep learning and interactive
learning are distinct concepts, but it reflects the particularity of learning goals in virtual
simulation environments. The goal of pharmacy virtual simulation is to foster a holistic
learning experience in which deep learning and interactive learning are not isolated skills,
but components of a single, integrated competency.

The capabilities that future pharmacists should possess can be summarised as follows:
professional knowledge and skills, communication and collaboration, critical thinking, and
interdisciplinary and continuous learning (83,84). The dimensional content of the rubric is
highly consistent with the comprehensive capability system for future pharmacists, which is
patient-centred, systematic, and continuously developed.
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The Rubric Reflects Marton and Saljo’s Deep versus Surface Learning Theory and
Vygotsky’s Social Constructivism

Marton and Siljé’s deep versus surface learning theory describes two fundamentally
different approaches (18). First, the deep learning approach seeks to understand and
connect concepts, relates ideas to real-world experience, explores links between evidence
and conclusions, critiques arguments and examines rationale and is motivated by genuine
interest in the subject. Second, the surface learning approach focuses on rote memorisation
without understanding, often resulting in a lack of engagement with the material, and
motivation is often extrinsically driven or forced. In this rubric, the novice and limited
levels are similar to the characteristics of surface learning, especially the novice level. The
master and excellent levels are identical to the characteristics of deep learning, especially
the excellent level.

A clear distinction between surface learning and deep learning can be seen in the
descriptions of the different levels in the rubric. For example, the descriptions of the novice
level include the following: it is a temporary memory of the learning content or just a copy
and is easy to forget; new knowledge acquired from the virtual simulation scenario remains
disconnected from prior knowledge or experience; the learning process is superficial or
confusing, and the report content lacks logic; and there is indifference or even boredom
in the learning process, and it is just about completing the task. Conversely, the master
or excellent level includes the following: the experimental report is well-processed, well-
structured and clearly written, allowing readers to fully absorb it, even if it has been
carefully or painstakingly summarised so that readers can absorb it smoothly and quickly;
it has the ability to explain the ‘what’ and ‘why’ reasonably and accurately while excluding
other distracting or erroneous information; deep exploration of knowledge from the virtual
simulation scenario leads to the reconstruction of a comprehensive personal knowledge
system; and continued interest throughout the learning process is maintained and can even
influence other group members to participate actively, thus creating a free and positive
learning atmosphere in the group.

Vygotsky’s social constructivism is a foundational theory in educational psychology that
emphasises the essential role of social interaction in the development of learning (36).
Vygotsky argued that cognitive development is not an isolated process within an individual.
Instead, knowledge is co-constructed through social interactions with teachers, peers and
even the broader community. The rubric dimensions include interaction with the learning
content, group members, and the teacher. The excellent level encourages students to engage
in proactive and spontaneous communication with group members, elaborating on the
‘what’ and ‘why’ of the topics discussed. Not only do students pay attention to the teacher’s
feedback, they also carefully consider improvement strategies, resulting in a dynamic two-
way interaction with the teacher.

The Rubric is Suitable for Students for Conducting Self-Assessment and is Subject
to Limitations When Used by Teachers to Evaluate Students

This rubric was developed specifically for student self-assessment, not for teacher evaluation
of students. Some of these dimensions are more implicit and subjective, making them more
suitable for students’ self-cognition and inspiration but difficult for teachers to accurately
evaluate students’ performance. The most prominent dimension is psychological emotion.
Psychological emotion is highly subjective, and it is difficult for teachers to accurately
perceive and evaluate students’ inner feelings based solely on external behaviour. Potgieter
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et al. (85) noted that the emotional aspect of learning is highly individualised, making self-
report instruments the preferred method, as teachers cannot objectively assess students’
internal emotional states. The dimension of self-reflection also shows a relatively large
deviation when applied to students’ self-assessments and teachers’ evaluations of students.
Galdonez (86) found that many students in science majors struggled with producing
detailed reports. These challenges were linked to a lack of humanities writing instruction
and training, leading to shorter reflections that did not fully reflect their actual thinking or
learning processes.

However, most other dimensions not only help teachers evaluate students’ performance but
also facilitate teachers in promoting students’ deep and interactive learning by combining
tools such as mind maps or online video conferences. By leveraging these dimensions
alongside digital tools, teachers can not only obtain more comprehensive assessment
evidence, but also actively guide students to engage in higher-order thinking, knowledge
construction or effective participation in interactive learning tasks.

Implications for Education

This study developed a rubric for deep, interactive learning in pharmacy virtual simulation
that integrated dimensions reflecting both deep and interactive learning. The rubric is
a practical tool that enables pharmacy students to systematically assess and foster their
deep, interactive learning in virtual simulation environments. Moreover, it can help
teachers understand the content for deep, interactive learning, develop a teaching plan for
virtual simulation, and implement learning activities. This rubric is not limited to a virtual
simulation scenario and can be extended to other fields of learning assessment.

Limitations and Future Directions

This study has several limitations. First, it relied on students’ self-assessments without
test-retest or external rater validation, which may have introduced bias, as students could
overestimate or underestimate their self-assessment scores due to social desirability, limited
self-awareness, or misinterpretation of the assessment criteria. Second, the study population
was limited to second-year pharmacy students, which may restrict the generalisability of
the findings to students at different academic levels, from other institutions, or in diverse
cultural and educational contexts. Third, while the rubric is suitable for self-assessment,
its application by teachers for evaluating students may be limited. Future research should
expand the rubric’s validation across disciplines, compare rubric-based self-assessment with
instructor or peer assessment, and examine the long-term impact of rubric-guided feedback
on learning outcomes.

CONCLUSION

The proposed rubric was developed using a robust method and supported ongoing efforts to
enhance the quality of pharmacy education. It empowered students to self-assess objectively
and diversify. It addressed current assessment needs and laid the groundwork for future
innovations in educational assessment. The ongoing refinement in other fields will ensure
its continued effectiveness, contributing to the goal of promoting deep and interactive
learning experiences for all students.
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