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Clinical workplace-based learning is essential for undergraduate health

professions, requiring adequate training and timely feedback. While the Mini-CEX

is a well-known tool for workplace-based learning, its written paper assessment

can be cumbersome in a clinical setting. We conducted a utility analysis to

assess the e�ectiveness of an adapted Mini-CEX implemented as a mobile

device WebApp for clinical practice assessment. We included 24 clinical teachers

from 11 di�erent clinical placements and 95 undergraduate physical therapy

students. The adapted Mini-CEX was tailored to align with the learning outcomes

of clinical practice requirements and made accessible through a WebApp for

mobile devices. To ensure the validity of the content, we conducted a Delphi

panel. Throughout the semester, the students were assessed four times while

interacting with patients. We evaluated the utility of the adapted Mini-CEX based

on validity, reliability, acceptability, cost, and educational impact. We performed

factor analysis and assessed the psychometric properties of the adapted tool.

Additionally, we conducted two focus groups and analyzed the themes from

the discussions to explore acceptability and educational impact. The adapted

Mini-CEX consisted of eight validated items. Our analysis revealed that the tool

was unidimensional and exhibited acceptable reliability (0.78). The focus groups

highlighted two main themes: improving learning assessment and the perceived

impact on learning. Overall, the eight-item Mini-CEX WebApp proved to be

a valid, acceptable, and reliable instrument for clinical practice assessment in

workplace-based learning settings for undergraduate physiotherapy students. We

anticipate that our adapted Mini-CEX WebApp can be easily implemented across

various clinical courses and disciplines.
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1. Introduction

In undergraduate health professions, such as physical therapy,

clinical workplace-based learning is crucial (WCPT, 2011).

This learning process involves observation and supervision,

which provide valuable performance information (Kogan et al.,

2009; Hauer et al., 2011). However, challenges arise due

to the high clinical workload and restrictions on clinical

practice, which often hinder the ability to provide adequate

observation and supervision (Schopper et al., 2016). Furthermore,

there is often a lack of observation and appropriate feedback

(Haffling et al., 2011; Boud, 2015; O’Connor et al., 2018;

Fuentes-Cimma et al., 2020; Noble et al., 2020). Consequently,

students struggle with knowledge integration, clinical reasoning,

practical skills, and learning new clinical topics (Milanese et al.,

2013).

Well-conducted feedback has the potential to significantly

impact student learning (Norcini and Burch, 2007; Boud and

Molloy, 2013). The utilization of observation and feedback as

strategies in workplace-based assessments has shown satisfactory

results among medical residents (Hicks et al., 2018; Singhal et al.,

2020; Pinilla et al., 2021). One important assessment instrument

in this context is the Mini Clinical Evaluation Exercise (Mini-

CEX), which was originally developed for medical residents and

has been adapted for undergraduate health students (Norcini

et al., 1995, 2003; Kim and Hwang, 2016; Fuentes-Cimma et al.,

2020; Mortaz Hejri et al., 2020). The Mini-CEX has demonstrated

robust psychometric properties (De Lima et al., 2007; Cook et al.,

2010; Pelgrim et al., 2011; Al Ansari et al., 2013) and has shown

educational impact (Montagne et al., 2014). Multiple preceptors

can utilize the Mini-CEX on several occasions during a clinical

rotation (De Lima et al., 2007; Cook et al., 2010; Pelgrim et al.,

2011; Al Ansari et al., 2013). The assessment process begins with

direct observation of a student while interacting with a patient

(Norcini et al., 1995, 2003; De Lima et al., 2007). Then, the

student presents clinical findings, a diagnosis, and an intervention

plan. Finally, the observer provides timely and individualized

feedback to the student (Norcini et al., 1995; De Lima et al.,

2007).

In the context of a culture of assessment for learning,

assessment instruments like the Mini-CEX have gained increased

importance. Notably, within the field of physical therapy, there

have been initiatives to incorporate assessment into learning

practices (Fuentes-Cimma et al., 2020; Walker and Roberts,

2020). However, there remains a need to share experiences

regarding the development and implementation of clinical

assessment systems. O’Connor et al. (2018) conducted a

systematic review that highlighted the necessity for further

research in workplace-based assessments within physical

therapy.

Unfortunately, despite the recognition of the Mini-CEX as

an excellent assessment tool, the high clinical workload often

poses challenges to its implementation. Therefore, technological

advancements such as the development of a WebApp can offer

potential solutions for workplace-based assessments. A WebApp

refers to a software program accessible through a web browser

that provides interactive functionalities to users via the Internet.

Hence, we conducted a utility analysis of an adapted Mini-CEX

implemented in the form of aWebApp designed formobile devices.

Our aim was to assess the validity, reliability, and acceptability of

this adapted Mini-CEX WebApp as a tool for assessing physical

therapy undergraduate students during their clinical practice. We

hypothesized that the implementation of this adapted Mini-CEX

WebApp would result in a valid, reliable, and acceptable tool for

both students and preceptors.

2. Methodology

The fourth-year undergraduate physical therapy students were

assessed using an adapted Mini-CEX WebApp on four occasions

during their final semester (6 months of clinical practice, Figure 1).

The assessments were conducted by clinical educators in outpatient

musculoskeletal clinical placements. To implement the Mini-

CEX WebApp, we conducted a utility analysis that encompassed

various aspects, including validity, reliability, acceptability, costs,

and educational impact (Van Der Vleuten, 1996). Both quantitative

data from the Mini-CEX WebApp and qualitative data from focus

groups were collected to provide a comprehensive evaluation.

The study was approved by the Ethics Committee of the Faculty

of Medicine of the Pontificia Universidad Católica de Chile

(ID 170707003).

2.1. Participants

A total of 24 clinical educators from 11 different clinical

placements and 95 undergraduate physical therapy students were

invited to participate in the study. The students came from an

undergraduate 4-year physical therapy curriculum at the Pontificia

Universidad Católica de Chile (Santiago, Chile).

Our methodology and results are described in six sections

(content validity, construct validity, reliability, acceptability, costs,

and educational impact) to didactically simplify the comprehension

of the utility analysis purpose of our study.

2.2. Content validity

In line with the learning outcomes of the course, the first step

involved engaging in a discussion with faculty members regarding

the utilization of the original eight Mini-CEX items. As a result,

this discussion resulted in the first version of the adapted Mini-

CEX tool. Then, a Delphi panel was conducted remotely with

the purpose of evaluating the level of consensus among the items

in terms of their relevance, pertinence, and comprehensibility.

The consensus was determined by achieving an average score

of 4.5 points on a 5-point Likert scale (1: strongly disagree; 5:

strongly agree). A total of 23 experts in health science education or

musculoskeletal physiotherapy agreed to participate in the Delphi

panel through a Google Forms© survey.
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2.3. Construct validity

The construct validity of the Mini-CEX was obtained through

exploratory and confirmatory factor analysis. The exploratory

factor analysis aimed to detect the constructs (Byrne, 2012)

underlying the instrument items’ scores (Flora and Curran, 2004),

while the confirmatory factor analysis confirmed the number of

factors proposed in the exploratory analysis (Byrne, 2012). We

used Kaiser’s rule to determine the number of factors that should

be retained in the exploratory factor analysis with an eigenvalue

>1. This criterion explains more variance than a single variable

(Goretzko and Measurement, 2019).

Since the items were ordinal variables, the robust Weighted

Least Squares Mean-Variance (WLSMV) adjusted method was

used (Byrne, 2012). The WLSMV method has high accuracy

in estimating statistical tests, model parameters, and their

FIGURE 1

The 8-item Mini-CEX WebApp implementation and assessment.

FIGURE 2

WebApp implementation flow. (A) Mini-CEX Web-App welcome view. (B) Student and clinical placement selection view. (C) Mini-CEX items and

scoring.
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TABLE 1 Standardized factor loadings and the Kaiser-Meyer-Olkin (KMO)

index of the Mini-CEX items obtained through an exploratory factor

analysis.

Items Factor
loading

KMO

1. Physiotherapy assessment: the

student performs a complete and

accurate physiotherapy assessment,

including a clinical interview and

physical examination.

0.71 0.83

2. Planning of treatment goals: the

student proposes treatment goals

according to the patient’s condition

and progression.

0.72 0.85

3. Clinical reasoning: the student selects

therapeutic techniques that are

consistent with the patient’s health

condition and progression.

0.68 0.86

4. Skill and efficiency in the

performance of treatment: the

student demonstrates skills and

efficiency in the performance of

treatment techniques.

0.41 0.84

5. Prognosis: the student establishes a

functional prognosis for the patient

based on the assessment, functional

diagnosis, and treatment goals.

0.52 0.83

6. Professionalism: the student

demonstrates punctuality, respect,

empathy, interest in the task, and

adequate communication during

the assessment.

0.21 0.84

7. Time and resources: the student

organizes his/her time and resources

correctly, and the clinical process is

organized in an efficient manner.

0.45 0.88

8. Overall rating as a fourth-year

physiotherapy student (knowledge,

skill, and attitude).

0.86 0.81

KMO, Kaiser-Meyer-Olkin index.

respective standard errors (Flora and Curran, 2004; Byrne, 2012).

Additionally, the Kaiser-Meyer-Olkin (KMO) index was used to

determine whether the sample was suitable for factor analysis. The

KMO takes values between 0 and 1, where small values indicate that

the variables have weak correlations to perform factor analysis. A

KMO index above 0.80 was considered “excellent” (Kaiser, 1974).

Standardized factor weights were obtained from exploratory

and confirmatory analyses, representing the relationship between

the latent factor (measured construct) and the item scores.

Furthermore, the coefficient of determination (R2) was obtained

to quantify each item’s variance percentage explained by the

factor identified in the exploratory analysis (Kaiser, 1974). Several

goodness-of-fit indexes were calculated for the confirmatory factor

model: (a) comparative fit index (CFI), which relates to the degree

of correlation between survey items; (b) Tucker-Lewis index (TLI),

which penalizes complex models (Wang and Wang, 2012); and

(c) root mean square error of approximation (RMSEA), which

quantifies the model’s lack of adjustment (Wang and Wang, 2012).

The RMSEA incorporates a hypothesis test called the close-fit test,

which enables the statistical evaluation of the confirmatory model’s

TABLE 2 Standardized factor loadings and R2 of the items included in the

Mini-CEX obtained through a confirmatory factor analysis.

Items Factor
loading

R2 p-value

1. Physiotherapy assessment 0.71 0.51 <0.001

2. Planning of treatment goals 0.69 0.47 <0.001

3. Clinical reasoning 0.68 0.46 <0.001

4. Skill and efficiency in the

treatment performance

0.42 0.17 <0.001

5. Prognosis 0.47 0.22 <0.001

6. Professionalism 0.21 0.04 0.083

7. Time and resources 0.44 0.19 <0.001

8. Overall rating as a fourth-year

physiotherapy student

0.88 0.77 <0.001

TABLE 3 Median and 25–75 percentiles (p25–p75) for items included in

the Mini-CEX.

Items Median
(p25–p75)

1. Physiotherapy assessment 6 (5–6)

2. Planning of treatment goals 6 (6–7)

3. Clinical reasoning 6 (5–7)

4. Skill and efficiency in the performance of treatment 6 (5–6)

5. Prognosis 6 (6–7)

6. Professionalism 7 (7–7)

7. Time and resources 6 (6–7)

8. Overall rating as a fourth-year physiotherapy student 6 (5–7)

p25, 25th percentile; p75, 75th percentile.

goodness of fit. The CFI and the TLI indexes have a cutoff point of

0.9 (Wang and Wang, 2012). The RMSEA index has a cutoff point

of ≤0.06, and the range of acceptable adjustment was between 0.05

and 0.08 (Hu and Bentler, 1999; Wang and Wang, 2012). An index

equal to or greater than 0.05 was considered “excellent” (Wang and

Wang, 2012).

2.4. Reliability

Cronbach’s alpha reliability coefficient was calculated to

determine the internal consistency of each item obtained from

the factor analysis. Cronbach’s alpha coefficient equal to or >0.70

was considered “adequate” (Kline Rex, 2015). The interpretation of

the coefficient magnitude should consider the number of items on

the scale and the sample size (Ponterotto and Ruckdeschel, 2007).

For instruments consisting of 7–11 items and a sample size below

100 participants, an alpha coefficient of 0.75 is considered “good”

(Ponterotto and Ruckdeschel, 2007).

After content, construct validity, and reliability, the 8-

item Mini-CEX was implemented in musculoskeletal clinical

placements. The 8-item Mini-CEX was designed into a WebApp

for mobile use (cellphones or tablets, Figure 2). Two independent
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researchers constantly ensured network accessibility, the

availability of mobile equipment, and the completeness of

the assessment. The Webapp allowed score data to be collected

from each clinical practice assessment, and comments were

accepted for feedback items. When the assessment ended, the

WebApp instantly sent a report to the student, clinical educator,

and faculty email, respectively. All obtained data were stored in a

server (database) implemented for this project.

FIGURE 3

Box plots for the Mini-CEX scores of the entire student cohort

according to consecutive assessments.

Prior to student assessments, the clinical educators underwent

training on how to use the Mini-CEX WebApp in simulated

assessment sessions. Furthermore, a workshop was conducted

at the university during the same semester, aiming to enhance

feedback practices using the assessment tool.

2.5. Acceptability

A pragmatic qualitative approach was used to assess

the acceptability of the adapted Mini-CEX WebApp by

conducting two focus groups of students and clinical teachers.

To ensure impartiality and prevent biased assumptions, an

expert in qualitative research facilitated the focus groups (see

the Supplementary material). The focus was to investigate

the participants’ perspectives on aspects related to the

acceptability of the new Mini-CEX WebApp. Additionally,

the study aimed to gain insight into the participants’

discussions and interactions regarding their opinions. The

information obtained from the focus groups was recorded and

transcribed verbatim. Subsequently, a thematic analysis was

conducted employing open coding techniques (Nowell et al.,

2017).

2.6. Costs

In evaluating the costs associated with the implementation,

several factors were considered, including usability, preceptor

FIGURE 4

Box plots for the Mini-CEX and overall high-stakes assessment scores according to consecutive assessments and performance trends (increased and

decreased).
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training, time spent per encounter, and the resources allocated to

measure stakeholder perceptions and experiences. Usability factors

included aspects such as Internet access, availability of mobile

equipment, operating system, and recording of forms.

2.7. Educational impact

To determine the educational impact, the first two levels

of the Kirkpatrick model for program evaluation were utilized

(Kirkpatrick, 1994). For level 1, the reaction was assessed by

conducting a descriptive analysis of two satisfaction items—one

for the student and one for the teacher. These items had a

7-point scale, ranging from 1 indicating “low satisfaction” to

7 indicating “high satisfaction.” Both items were incorporated

into the same WebApp, enabling immediate evaluation of the

Mini-CEX. Additionally, the time spent by the teacher on

observing the student-patient interactions and providing feedback

was measured.

For level 2, learning outcomes were evaluated by analyzing the

Mini-CEX scores of the students. A comparison was made between

the scores obtained at four different assessments throughout the

semester, distinguishing between improved scores and those that

did not show improvement. To further determine the effectiveness

of the intervention, the difference between the fourth measurement

and the baseline measurement was calculated, enabling the

identification of performance improvement or failure to improve.

This analysis helped determine if non-significant results were

due to a significant number of students showing a decreasing

trend while others exhibited the opposite trend. Furthermore,

the overall high-stakes assessment score, representing a final

examination conducted at the end of the semester, was described

and compared.

The Shapiro-Wilk test showed a non-normal distribution for

the scores obtained by students who improved (p < 0.01) and who

did not improve (p < 0.001). Therefore, we assessed a linear trend

of scores increasing or decreasing over time using a non-parametric

trend test based on the method proposed by Cuzick (1985).

Furthermore, the median of the four measurements was estimated

and compared over time for both groups. Using these, we built

Quantile regression models with robust and clustered standard

errors (Machado et al., 2011) to assess score differences over time

in both groups. The Quantile regression with robust and clustered

standard errors expresses the estimations in medians, considering

the intra-cluster correlation. Hence, similar consecutive

measurements of the Mini-CEX scores should have a high

positive correlation.

2.8. General statistical methods

The data description, exploratory factor analysis, and quantile

regression models were analyzed using the STATA version 17

(StataCorp, 2021), while the confirmatory factor analysis was

conducted using MPlus software version 7 (Muthén and Muthén,

1998). A significance level of 5% was applied to all statistical

analyses performed.

3. Results

A total of 24 available clinical educators (∼6 years of

experience), at 11 different clinical placements, and 95

undergraduate physical therapy students (64 women and 31

men, aged 22.4 ± 1.4 years) were enrolled. A total of 378 clinical

encounters were assessed since one student attended only two of

his four visits.

3.1. Content validity

The initial version of Mini-CEX consisted of seven items. Two

rounds of the Delphi panel were needed to reach an agreement on

the items and ensure the validity of the content. In the first and

second rounds, 18 and 12 experts, respectively, answered the online

survey within the requested time. After two rounds of the Delphi

panel, an 8-item Mini-CEX was obtained, with all items above 4.5

on the five-point Likert scale.

3.2. Construct validity

The polychoric correlations among the eight items

demonstrated moderate to strong relationships, with values

ranging mostly between 0.4 and 0.9 (Supplementary Table 1).

The construct validity in the exploratory factor analysis showed

one factor with an eigenvalue greater than one (Kaiser’s rule).

This factor explained 73% of the total variance in Mini-CEX

scores. All standardized factor loadings for the questionnaire items

were found to be high, with values >0.4, except for question 6.

Additionally, the Kaiser-Meyer-Olkin (KMO) index exceeded

0.8 for all questions, indicating an adequate to excellent sample

(Table 1). The highest fit was obtained for one factor [X2 (7) =

11.22; p = 0.129], and the CFI and the TLI indices (0.94 and 0.92,

respectively) were the highest.

The confirmatory factor analysis obtained standardized factor

loadings >0.4 for most items, with a maximum of 0.88 for item

8. Thus, each item was strongly correlated with the previously

identified latent factor (Table 2). In addition, the R2 was over 0.4

for most items, fluctuating between 0.04 (item 6) and 0.77 (item

8). In the latter case, 77% of the variability in scores from item 8

was explained by the single factor identified in the confirmatory

factor analysis.

The goodness-of-fit (improved confirmatory model) indicates

that the CFI and TLI indices were 0.98 and 0.97, respectively. The

RMSEA = 0.04 was within a good fit range (p < 0.05), and the

upper limit of its 95% confidence interval (p = 0.06) was within

the acceptable fit range. Considering that the close-fit test was not

statistically significant (p = 0.78), it was not possible to reject the

goodness-of-fit hypothesis of the confirmatory model (RMSEA <

0.05). Item 6 obtained the highest scores (Table 3).

3.3. Reliability

The obtained Cronbach’s alpha was 0.78.
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3.4. Acceptability

Two focus groups were conducted to explore participants’

acceptance of the WebApp. The first focus group consisted of five

clinical teachers, while the second involved nine students. Through

the focus groups, two themes were identified: improvement in the

assessment of learning and perception of the impact on learning.

3.4.1. Improvement in the assessment of learning
One of the strengths identified by participants was the perceived

efficiency of the adapted Mini-CEX due to the reduced time

required for the assessment process and the user-friendly nature

of the Mini-CEX WebApp. Therefore, it allows for more time for

student feedback. The following excerpt reflects this idea:

. . . in this tool, it is much easier, much simpler, and that

makes you spend less time with the student in the evaluation

and have more time to give feedback afterward. . . (Student 1,

paragraph 10).

The simplicity of the Mini-CEX was perceived as a significant

advantage, particularly in a busy workplace environment with a

heavy patient care workload. The following excerpt from one of the

clinical teachers explains this impression:

... I had a lot of patients at the same time when 3 or 4

students arrived, the feedback time was much more effective... I

tell them “look, the summary will be sent to you by mail so that

you can look over it well”, I give them the necessary feedback,

and you move forward much faster with each student... (Teacher

4, paragraph 20).

However, students expressed a somewhat different perspective

regarding the efficiency of theMini-CEXWebApp,mentioning that

it has led to a sense of impersonality in the assessment process.

Their viewpoint is captured in the following statement:

... it becomes a little bit more impersonal, the assessment

becomes a little bit distant in the sense that you are quiet and

sitting down and the tutor is like [gestures typing on the phone]

and doesn’t say anything, then he is like 5, 3, 7, and says “okay I

sent your grade”... (Student 8, paragraph 38).

Additionally, students highlighted the significance of

implementing actions that contribute to sustainability by reducing

the use of printed paper. Students also perceived that the 7-point

scale utilized in the assessment was more subjective compared to a

rubric that provides clear and specific criteria for evaluation.

3.4.2. Perception of the impact on learning
The most critical aspect in terms of its impact on learning is

timely feedback. Both groups perceive that there is a greater amount

of time for student feedback, highlighting strengths and weaknesses

based on clinical activity.

..., since the app is individualized, the possibility of assessing

them with a patient is great for learning as well as more

personalized for each student... (Teacher 3, paragraph 106).

3.5. Costs

The design of the WebApp incurred a one-time cost financed

by an internal fund (US$1,400). Additionally, there was a monthly

cost of US$50 for server hosting. Usability aspects of the WebApp

were provided by the clinical placements or each clinical tutor.

Two research assistants helpedmonitor these aspects. To ensure the

successful implementation of the Mini-CEX Webapp, the research

team organized a training session for the participating clinical

teachers. Furthermore, a feedback workshop was conducted at

the university during the same semester to promote feedback

processes using the adapted instrument. In total, these faculty

training activities involved a total duration of 20 h.

3.6. Educational impact

For level 1, the reaction was assessed by conducting a

descriptive analysis of two satisfaction items, namely, teacher

satisfaction, which had a median (IQR) of 6, and student

satisfaction, which had a median (IQR) of 6, on a 7-point

scale. Furthermore, the time spent observing the student-patient

interaction was 22.5 ± 6.5min, and the feedback time was 9.4 ±

2.9min. Regarding learning, the assessment of the entire student

cohort using Cuzick’s test with rank scores did not reveal a

significant trend in scores over time (p= 0.230; Figure 3). However,

a group of students improved (49.9%) their scores compared with

the baseline assessment (Figure 4). For the group that improved

their scores, Cuzick’s test showed a significant and positive trend

over time (p < 0.001). The subsequent median scores were 5.9

(95% CI 5.7–6.1), 6.3 (95% CI 5.9–6.6), 6.3 (95% CI 6.0–6.5),

and 6.5 (95% CI 6.3–6.7). The third (p = 0.042) and fourth (p

< 0.001) assessments were significantly higher than the baseline.

The largest difference in medians reached 6.3-tenths point (95%

CI 3.4–9.1), corresponding to the difference between the first and

fourth assessments.

On the contrary, for the group that did not improve their scores,

Cuzick’s test showed a significant and negative trend over time (p=

0.0005) (Figure 4). The subsequent median scores were 6.6 (95% CI

6.4–6.8), 6.1 (95% CI 5.9–6.4), 6.3 (95% CI 6.0–6.5), and 6.1 (95%

CI 5.9–6.3). The second (p = 0.009), third (p = 0.023), and fourth

(p < 0.001) assessments were significantly lower than the baseline.

The largest difference in medians reached 5.0-tenths point (95% CI

−6.8 to−3.2), corresponding to the difference between the first and

fourth assessments. A similar pattern was observed for both groups

of students in the overall composite high-stakes assessment, which

closely follows the performance of the Mini-CEX (Figure 4).
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4. Discussion

The main findings about the 8-item Mini-CEX WebApp

were that (1) the tool is a valid, acceptable, and reliable

instrument for students, faculties, and clinical educators for clinical

practice assessment in workplace-based learning settings for health

undergraduate professions. (2) The tool is designed to measure

the progress or change in student performance, particularly in

those who started with the lowest scores followed by a few

encounters (n= 4). (3) There was high satisfaction among students

and clinical educators. Both agreed that there was more time

for feedback. (4) The tool was able to show the same patterns

of change as the overall high-stakes assessment score. (5) Some

students perceived the Mini-CEX WebApp implementation as

more impersonal and subjective than a rubric that clearly describes

the assessment criteria.

Our findings support the idea that the Mini-CEX WebApp

helped provide timely, individualized, and specific feedback

to students while also aiding faculty in managing assessment

data. These findings align with previous research on the

benefits of observation and feedback in facilitating workplace-

based assessments (Lefroy et al., 2017; Levinson et al., 2019).

Furthermore, our findings are consistent with the growing

integration of technology in higher education, such as simulation,

blended methodologies, and apps, which have significantly

advanced and becomemore common among faculties and students

in the last decade (Masters et al., 2016). Although our instrument

was adapted for the purpose of assessing the learning outcomes

of undergraduate physiotherapy students, given that it has been

modified from the original instrument, all items could be readily

adapted to other contexts.

The development of the 8-item Mini-CEX WebApp involved

a rigorous construction and content validation process. The high

level of reproducibility achieved indicates its positive impact on

participants’ satisfaction. Factor analysis helped us understand the

unidimensional nature of the Mini-CEX and select the right items

for our clinical educators (Cook et al., 2010; Véliz et al., 2020).

The confirmatory factor analysis showed Mini-CEX characteristics

similar to previous studies by Cook et al. (2010) and Berendonk

et al. (2018). Moreover, the 7-point scale we applied was easier to

answer compared with the original 9-point scale. This distinction

was made because the 7-point scale was better accepted and more

familiar to our clinical educators and students. Because of that,

the 7-point scale encouraged no interference with student grading

(Fuentes-Cimma et al., 2020; Véliz et al., 2020). As for the R2 of

item 6, which was low and not significant, there is an explanation

based on the data. There is a ceiling effect in that item (median

7, with the 25th and 75th percentiles, also at 7). The effect of this

bias (extreme response bias) has been studied in factor analyses

(Liu et al., 2017). Furthermore, this item refers to professionalism,

which has been intentionally developed in curriculum reforms in

our faculty (Cisternas et al., 2016), and it is also the item with

the highest score in previous applications (Fuentes-Cimma et al.,

2020).

The Mini-CEX WebApp proved to be a perceptive tool

for measuring progress and changes in student performance,

particularly for students who initially had lower scores. This finding

aligns with the study of Holmboe et al. (2003) who suggested

that the Mini-CEX can distinguish between poor or marginal

performance and satisfactory or superior performance. Thus, the

Mini-CEX we implemented is a valuable tool for distinguishing

student performance over time. Students with the lowest initial

scores are habitually those who require more support. In contrast,

we identified a second group that showed inverse performance

over time (declined performance). Notably, both groups showed

significant statistical median differences over time, reflecting the

change in performance compared to the baseline measurement.

The scores of the first application of the Mini-CEX served as

the baseline measure where they received the first feedback

using the WebApp. Prior to this assessment, no interventions

or feedback had been provided. Following the first assessment,

students underwent three additional experiences or assessments,

which allowed for tracking and analyzing their performance

over time.

Several factors could potentially explain the decline in

performance observed in half of the sample over time. First, the

literature has previously established a higher number of encounters,

6 or 8, needed to improve student performance using the Mini-

CEX (Mortaz Hejri et al., 2020). Thus, more encounters would

be necessary to show improvements for students with higher

scores (Véliz et al., 2020). Second, the variability in clinical cases

and the students’ own knowledge levels may have contributed to

the perception that some clinical cases were less challenging for

students who achieved high scores early on. Third, it is worth

considering that some students may have perceived the Mini-CEX

WebApp as more impersonal and subjective compared to a rubric-

based assessment approach. This subjective perception may have

influenced their performance and responses, potentially impacting

the observed results. All these hypotheses must be tested with

new studies.

Interestingly, clinical educators appreciated having a brief

tool set in a WebApp for mobile devices, optimizing the time

spent on multiple assessments. However, students perceived it as

a more impersonal process because it limited the possibility of

discussing the assessment criteria. These results are consistent with

Lefroy et al. (2017), who pointed out that mobile applications

in workplace-based assessments can disrupt the necessary social

interaction required for feedback conversations. Here, we can

discuss why it is relevant to instruct that feedback sent over email

cannot replace feedback conversations. Nevertheless, students and

clinical educators perceived that the 8-item Mini-CEX WebApp is

an excellent tool for observing student improvement and strengths,

consistent with previous studies (Schopper et al., 2016; O’Connor

et al., 2017, 2018; Fuentes-Cimma et al., 2020). The students

particularly appreciated that this paperless strategy was an excellent

faculty policy due to environmental concerns.

The present study is not without limitations. First, the literature

recommends a minimum of 6–8 encounters per student, and there

was no comparison with a non-reduced Mini-CEX tool because

the organization of the course did not allow it. Second, the focus

groups had a limited number of participants, which could limit the

study’s value. Third, we could not randomize the participants due

to feasibility issues. Finally, our confirmatory analysis should have

used different samples, according to Tavakol and Dennick (2012).
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5. Conclusion

The 8-item Mini-CEX WebApp is a valid, acceptable, and

reliable instrument for students, teachers, and clinical educators

for clinical practice assessment in workplace-based learning

settings for physical therapy undergraduate students. The enhanced

direct observation allows for better feedback for the worst-

performing students.
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