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Abstract
Purpose: To investigate the content and criterion validity, and reliability of longitudinal 
clinical assessment of undergraduate dental student clinical competence by determin-
ing patterns of clinical performance and comparing them with validated standalone 
undergraduate examinations.
Methods: Group- based trajectory models tracking students' clinical performance over 
time were produced from LIFTUPP© data for three dental student cohorts (2017– 19; 
n = 235) using threshold models based on the Bayesian information criterion. Content 
validity was investigated using LIFTUPP© performance indicator 4 as the threshold 
for competence. Criterion validity was investigated using performance indicator 5 to 
create distinct trajectories of performance before linking and cross- tabulating trajec-
tory group memberships with a ‘top 20%’ performance in the final Bachelor of Dental 
Surgery (BDS) examinations. Reliability was calculated using Cronbach's alpha.
Results: Threshold 4 models showed all students followed a single upward trajectory 
in all three cohorts, showing clear progression in competence over three clinical BDS 
years. A threshold 5 model produced two distinct trajectories, and in each cohort a 
‘better performing’ trajectory was identified. Students allocated to the ‘better per-
forming’ trajectories scored higher on average in the final examinations for cohort 2 
(29% vs 18% (BDS4); 33% vs. 15% (BDS5)) and cohort 3 (19% vs. 16% (BDS4); 21% 
vs. 16% (BDS5)). Reliability for the undergraduate examinations was high for all three 
cohorts (≥0.8815) and did not change appreciably when longitudinal assessment was 
included.
Conclusions: There is some evidence to support that longitudinal data have a degree 
of content and criterion validity for assessing the development of clinical competence 
in undergraduate dental students, which should increase confidence in decisions 
based on these data. The findings also provide a good foundation for subsequent 
research.
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1  |  INTRODUC TION

A constant challenge faced by educators within healthcare profes-
sions is choosing appropriate assessment methods in accordance 
with the best available evidence to ensure consistent decisions are 
made in relation to learners' progress. The main purpose of assess-
ment within healthcare professions is to obtain proof that learners 
have attained the necessary educational outcomes to be certified as 
safe and competent practitioners.

In the UK, multiple regulatory bodies set professional standards 
for the training and conduct of healthcare professionals.1– 5 The reg-
ulatory bodies maintain registers of individuals who have met these 
standards and therefore possess the training, skills and experience 
required to treat members of the public safely and competently.6 
Ultimately, this protects the public from harm.

Dentistry in the UK is regulated by the General Dental Council 
(GDC), who maintain and publish a list of learning outcomes that must 
be attained by those seeking entry onto their professional register.2 
These published learning outcomes indicate the necessary knowledge, 
skills and clinical competencies required to practise dentistry inde-
pendently in the UK, but they do not stipulate the assessment methods 
required to demonstrate their attainment. Instead, the responsibility of 
assessment method selection is delegated to educational institutions.

Assessment methods commonly used within UK dental educa-
tion include multiple- choice questions (MCQ)/single best answer 
(SBA) examinations, multiple short answer (MSA)/short answer 
question (SAQ) examinations, direct observation of procedural skills 
(DOP)/competency- based tests, objective structured clinical ex-
aminations (OSCE), seen and unseen case based examinations7 and 
structured clinical reasoning examinations.

Despite their different formats,8,9 OSCEs, DOPs/competence 
tests, MCQ/SBA and MSA/SAQs are all types of standalone assess-
ment, which may not be best suited for measuring attainment of 
some of the GDC's learning outcomes; particularly when evidence of 
development of consistent competent clinical performance is neces-
sary. As a result, some dental schools have incorporated longitudinal 
clinical assessment into their undergraduate assessment repertoire 
to allow student knowledge and skills to be evaluated at multiple 
points in time throughout the curriculum.

Longitudinal clinical assessment has been used within Scottish 
postgraduate dental vocational training (DVT) schemes for over 
10 years. Previous research into its use concluded that it was a ‘valid’ 
form of assessment within the context of DVT.10 However, despite 
the conclusion of this study and other works which propose that lon-
gitudinal data are one of the strongest methods for assessment in 
clinical subjects,11– 13 their use within undergraduate dental educa-
tion has yet to be meaningfully investigated.

Assessments that are valid accurately measure what they intend 
to measure. When investigating validity, the purpose for which an as-
sessment is being used must be defined and the subsequent accumu-
lation of evidence to support its use for this purpose builds a ‘validity 
argument’. Ideally, a validity argument should build evidence on which 
subtypes of validity can be attributed to the assessment method.14

This process could be challenging with respect to longitudinal 
assessment since the data sets may be very large, with assessment 
data for multiple skills and attributes measured repeatedly over time 
for each student. A means of modelling clinical performance over 
time is required.

In recent years, a form of latent class analysis, known as group- 
based trajectory modelling (GBTM), has been developed to track groups 
of individuals following similar patterns of behaviour or achievement 
of outcome measures over time.15,16 Although initially developed for 
use within psychology17– 21 and criminology,22– 24 GBTM is now being 
increasingly applied to other fields of research, including primary and 
secondary education,25,26 physiological medicine27 and clinical den-
tistry.28,29 Therefore, GBTM could be a promising method for analysing 
longitudinal clinical assessment data produced within dental education.

Briefly, GBTM creates individual student attainment trajectories 
over a period of time— in this case— by generating lines of best fit to 
individual student longitudinal clinical assessment data. GBTM then 
determines whether individual trajectories fit into a smaller number 
of groups with similar properties. It uses standard statistical meth-
ods to choose the optimal number of groups and the shape of the 
trajectories. As a result, the complexity of the longitudinal data is 
reduced.

This study primarily seeks to contribute to a validity argument 
on the use of longitudinal assessment for undergraduate dental stu-
dent clinical competence. However, it also explores the reliability of 
various undergraduate assessments used in dental education since— 
like validity— it is a characteristic of ‘good’ assessment.30 The term 
‘reliability’ refers to how reproducible the results of an assessment 
are.31 Therefore, highly reliable assessment methods are likely to 
produce the same or similar results each time they are used.

The aims of this study were to:

1. establish the usefulness of GBTM at modelling longitudinal 
clinical data and determine patterns of clinical performance 
over time (content validity—  whether the assessment represents 
what it aims to measure);

2. compare patterns of undergraduate clinical performance from 
longitudinal assessment with the outcomes of established assess-
ment methods within dental education, namely undergraduate 
examinations (such OSCE, MSA and MCQ) (criterion validity— 
how the results obtained via the assessment method correspond 
to the results of a different test of the same thing); and

3. test the reliability for the panel of assessments used within each 
BDS year (longitudinal and undergraduate examinations).

2  |  METHODS

2.1  |  Ethics statement

The study was approved by the University of Glasgow's College of 
Medical, Veterinary and Life Sciences Ethics Committee for Non- Clinical 
Research Involving Human Subjects (reference number: 200170146).
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1138  |    DICKIE et al.

2.2  |  Design, setting and participants

The graduating classes of the Bachelor of Dental Surgery (BDS) de-
gree programme at the University of Glasgow (UK) from 2017, 2018 
and 2019 were eligible for the study. All undergraduate clinical activ-
ity during the third (BDS3), fourth (BDS4) and fifth (BDS5) years of 
the curriculum had been assessed longitudinally for these graduat-
ing classes. Longitudinal assessment data were only available from 
BDS3, BDS4 and BDS5 since these are the years of the course in 
which University of Glasgow dental students deliver the majority of 
their patient care.

This resulted in the creation of three longitudinal cohorts: 
Cohorts 1 (i.e. the class of 2017; n = 80), 2 (the class of 2018; 
n = 86) and 3 (the class of 2019; n = 68), giving a total sample of 235 
participants.

2.3  |  Data sources

Assessment data were collected from two sources.

2.3.1  |  LIFTUPP©

A digital longitudinal assessment system used to record student 
clinical activity and performance throughout undergraduate den-
tal training. The system is owned by Turnitin®. All uses of the term 
‘LIFTUPP©’ from this point onwards refer to the assessment system 
itself.

For each stage of clinical treatment provided, a student is as-
signed a performance indicator based on a 6- point scale (see Table 1) 
by supervising clinical faculty (assessor).

Performance indicators and details of the clinical procedure(s) as-
sessed are subsequently uploaded into an extensive database which, 
by the end of the University of Glasgow's BDS curriculum, typically 
contains over 100, 000 data points of clinical assessment per stu-
dent cohort and over 1500 data points per student. Each point of 
clinical assessment records the level of student performance for an 
individual stage of a clinical procedure.

The three cohorts of LIFTUPP© data were obtained from aca-
demic years 2014/15 to 2018/19. These data had previously been 
collected and stored by the University of Glasgow to monitor stu-
dent activity and performance with respect to progression and sat-
isfactory completion of the BDS course.

2.3.2  |  Undergraduate professional examinations

The results of assessments undertaken by University of Glasgow 
dental students. The University of Glasgow Dental School currently 
uses a combination of OSCEs, summative essay assessment, MSA 
and MCQ examinations to assess the early year groups (i.e. BDS1, 
BDS2 and BDS3). ‘Finals’ are assessed with an MSA examination32 
and Comprehensive Care Clinical Case Presentation examination 
(held in BDS4) and an OSCE33 (held in BDS5). For this study, the re-
sults of these examinations were obtained for the three cohorts be-
tween academic terms 2012/13 to 2018/19, and only assessments 
that were numerically scored were included.

2.4  |  Data linkage and pseudonymisation

LIFTUPP© data were stored on an external server by LIFTUPP© 
Limited (the company owned by Turnitin®). Data management 
staff at LIFTUPP© Limited transferred data for the University of 
Glasgow's graduating BDS classes of 2017, 2018 and 2019 to a third- 
party analyst based at the University of Glasgow via secure email. 
Undergraduate examination data were transferred to the third- party 
analyst by the BDS year group administrators using password pro-
tection. LIFTUPP© and undergraduate examination data sets were 
then linked using participant demographics (forename, surname, ma-
triculation number, date of birth and gender) in SAS statistical soft-
ware (SAS Institute. 2008. SAS software: Release 9.2. Cary, NC: SAS 
Institute Inc.) by the third- party analyst.

Unique numeric ID codes were then created for each par-
ticipant before the data were checked for accurate linkage and 
pseudonymised. The link between the anonymised ID and per-
sonal identifiers was stored in a secure drive not accessible to the 

TA B L E  1  Scale of LIFTUPP© performance indicators and their interpretation.

LIFTUPP© performance indicator Performance descriptor

1 UNABLE to do this. Has caused harm or does not seek essential guidance.

2 UNABLE to do this independently at present. Largely demonstrated by tutor.

3 UNABLE to do this independently at present but able to complete, to the required quality, with significant 
help, either procedural or by instruction.

4 ABLE to do this partially independently at the required quality, but requires minor help with aspects of the 
skill, either procedural or through discussion.

5 ABLE to do this independently at the required quality. This may include confirmatory advice from the tutor 
where the student seeks appropriate assurance.

6 ABLE to meet the outcome independently, exceeding the required quality.
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    |  1139DICKIE et al.

researchers. Linked (and pseudonymised) data sets were subse-
quently transferred to a secure drive which was accessible to the 
researchers.

2.5  |  Data processing

Linked data sets were imported into Stata® 15 statistical software 
(StataCorp. 2017. Stata Statistical Software: Release 15. College 
Station, TX: StataCorp LLC) and subjected to quality assurance 
processes. Frequency tabulations and histograms were produced 
to check ranges and observe any unusual or typographical errors. 
Cross- tabulations and scatter plots were used to detect logic errors.

Data were cleaned to remove any assisted/observed/simulated 
activity (leaving only procedures that students had undertaken on 
patients). Entries with missing data and ‘ineligible’ procedures were 
also removed. Procedures were classified as ‘ineligible’ if an individ-
ual student had not performed all stages of a treatment item on an 
individual patient.

2.5.1  |  LIFTUPP© data

Within LIFTUPP©, assessors can assign a performance indicator 
across four domains: clinical, communication, management and lead-
ership, and professionalism, which are consisting with those outlined 
by the UK GDC.2 Data points from the latter three domains were 
excluded from this study since, between 2014 and 2018, LIFTUPP© 
did not attribute assessment of these skills to single patient encoun-
ters and were assigned per clinical session instead. Some clinical 
domain data points had also been recorded in this manner— two ex-
amples of which were the assessment of extra-  and intra- oral ex-
amination skills and administration of local anaesthetic. These data 
points were also excluded.

Therefore, the remaining ‘clinical’ data points referred to assess-
ment of any hands- on dental procedure recorded as part of a single 
patient encounter across various disciplines— namely Restorative 
Dentistry, Paediatric Dentistry, Oral Surgery and Radiology. The 
list of procedures that were collectively assessed across these 
disciplines included biopsies, direct restorations, endodontics, ex-
tractions, fissure sealants, indirect restorations, minor oral surgery, 
treatment of temporomandibular disorder (e.g. occlusal splints), 
periodontal therapy, preventive therapy (e.g. oral hygiene instruc-
tion and fluoride applications), removable prosthodontics, radio-
graphs and suturing.

The minimum performance indicator assigned per eligible clinical 
procedure was used to summarise each student's performance for a 
clinical procedure at a certain point in time since it was assumed that 
a student's overall performance would only be as good as their low-
est performance indicator for a single procedural stage. Additionally, 
for each clinical procedure a student undertook, a threshold score of 
‘1’ was assigned if the minimum performance indicator was above a 
threshold level and a ‘zero’ was assigned if it was below.

Anecdotally, there currently appears to be inconsistency be-
tween faculty on whether a performance indicator of 4 or 5 con-
stitutes competent clinical performance. Routine calibration of 
assessors on the awarding of performance indicators and their rele-
vant criteria had taken place every 6– 12 months following the adop-
tion of the LIFTUPP© system at the University of Glasgow Dental 
School.

For the purposes of this study, performance indicator 4 was used 
as the baseline threshold for satisfactory clinical performance and to 
investigate content validity. A threshold performance indicator of 5 
was subsequently used to investigate criterion validity, as it allowed 
more than one trajectory per student cohort to be identified.

2.5.2  |  Undergraduate examination data

Average examination performance for individual students was calcu-
lated for each BDS year and categorised into fifths. A binary variable 
was derived for scoring in the top 20% within a year, which aligned 
with students who had received the best grades (i.e. ‘A’ grades).

2.6  |  Statistical analysis

Summary statistics (mean, standard deviation (S.D), minimum, me-
dian, maximum, Q1 and Q3 statistics) were used to describe the 
number of clinical assessments completed per student per cohort. 
Frequency tables were produced for the distribution of minimum 
LIFTUPP© performance indicators awarded per procedure. Mean, 
S.D, minimum, median, maximum, Q1 and Q3 statistics were also 
calculated for the minimum LIFTUPP© performance indicators re-
corded per cohort.

GBTMs based on binary outcomes (i.e. threshold models) were 
used to model student trajectories for LIFTUPP© data within each 
cohort year. Models were generated using the traj plugin within 
Stata statistical software15 and were based on the probability 
of participants obtaining threshold performance indicators. The 
probability of trajectory group membership for each student was 
calculated and individual students were allocated to the group for 
which they had the highest probability of membership (i.e. a prob-
ability >.5).

For each cohort and threshold performance indicator, a total of 
340 GBTMs (in which group trajectories varied by number and/or 
shape) were generated per LIFTUPP© data set. Models were initially 
ranked from highest to lowest according to their Bayesian informa-
tion criterion (BIC), and the five models with BICs closest to zero 
were analysed for statistical adequacy using statistical tests advo-
cated for GBTMs.23,34 For models to be statistically adequate, they 
had to satisfy each of the following criteria:

1. the average posterior probability35 value is >.70 for each group;
2. the odds of correct classification based on probabilities of group 

membership is >5 for each group;
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1140  |    DICKIE et al.

3. there is close correspondence between each trajectory group's 
estimated probability of group membership and the proportion 
of students classified to that group according to posterior prob-
ability of group membership; and

4. tight confidence intervals are observed around estimated group 
probabilities23,34

The BIC of the remaining GBTMs were then compared. According 
to Raftery's principles, models with a BIC difference greater than two 
are considered as better fitting and therefore, in accordance with pub-
lished guidance,36 were selected as a representative of each cohort's 
data. If the difference between BICs was less than 2, there is little 
evidence to support that one model is better than the other.33 In these 
instances, the most parsimonious models were selected upon review-
ing the graphical representation of each model's trajectory groups.

2.6.1  |  Content validity

GBTMs with threshold performance indicator of 4 were used to as-
sess content validity. This is the minimum performance indicator a 
student can receive to indicate a satisfactory level of clinical perfor-
mance (see Table 1).

2.6.2  |  Criterion validity

For LIFTUPP©, trajectories were compared with already validated 
undergraduate standalone assessments. To allow these compari-
sons to be made, more than a single trajectory was needed to dis-
tinguish performance between students. A threshold of 4 was not 
sufficient to produce more than a single trajectory (i.e. all students 
followed the same trajectory). Therefore, GBTMs using a higher 
threshold performance indicator of 5 (Table 1) was used to gener-
ate more than one trajectory within each cohort. These were then 
compared with the ‘top 20%’ of examination performance in each 
BDS year (1– 5) using cross- tabulations with Fisher's exact tests.37

2.6.3  |  Reliability

Cronbach's alpha38 was calculated for the panel of assessments be-
tween BDS1- 5. For LIFTUPP© assessment, the probability of being 

in the ‘best’ performing group was used for each student. Cronbach's 
alpha was then recalculated following removal of each assessment 
item individually and assessments were considered to be reliable if 
Cronbach's alpha >0.7.38

The sample size for this study was fixed due to only three full 
cohorts of students' data being available since the commence-
ment of the use of LIFTUPP© at the University of Glasgow Dental 
School, therefore formal sample size calculations were not possible. 
Statistical tests were carried out where appropriate, however due to 
the small numbers, more attention was paid to the effect sizes than 
the p- values.

3  |  RESULTS

3.1  |  LIFTUPP© data (summary)

Table 2 presents the number of LIFTUPP© assessments eligible 
for inclusion in the study and the number of students assessed per 
cohort. It also presents summary statistics for the number of as-
sessments included per student per cohort. Both cohorts 1 and 2 
displayed similar means (240.0 and 236.2), minimums (151 and 157) 
and maximums (349 and 346) per student. Cohort 3 had the largest 
number of assessments eligible for inclusion collectively (20 817), 
even though it consisted of fewer students than cohorts 1 and 2. The 
mean (306.1), minimum (204) and maximum (430) number of assess-
ments were also greater in cohort 3.

Figures 1C display the frequencies of minimum LIFTUPP© per-
formance indicators (per procedure) awarded in each cohort. A score 
of 5 was the most frequently awarded score in cohort 1 (48%) but (as 
expected) there was variation across the years. In cohorts 2 and 3, 
the most common minimum performance indicator awarded to stu-
dents for clinical procedures was 4 (cohort 2: 46%; cohort 3; 48%). 
The median minimum LIFTUPP© performance indicator in cohort 1 
was 5, whereas in cohorts 2 and 3, it was 4 (Table 3).

3.2  |  Content validity

A threshold performance indicator of 4 produced only single group 
trajectories for all three cohorts (Figures 2– 4), which indicates that 
all students in each cohort follow the same pattern of development 
over the duration of the BDS course.

TA B L E  2  Summary statistics for the number of clinical assessments eligible for inclusion in the study for each cohort and each student 
within each cohort.

Cohort

LIFTUPP© 
assessments per 
cohort (n) Students (n) Mean SD Min Q1 Median Q3 Max

1 19 199 80 240.0 41.4 151 212.5 240.5 266.5 349

2 20 312 86 236.2 45.8 157 197 232 269 346

3 20 817 68 306.1 47.9 204 270.5 305.5 341 430
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    |  1141DICKIE et al.

F I G U R E  1  Frequencies of minimum 
LIFTUPP© performance indicators 
awarded per BDS year and across all 
BDS years. (A) Cohort 1; (B) Cohort 2; (C) 
Cohort 3.

TA B L E  3  Summary statistics for the (minimum) LIFTUPP© performance indicator recorded for each eligible procedure per cohort.

Cohort Students (n) Observations (n) Mean score SD Min Q1 Median Q3 Max

1 80 19 199 4.51 0.77 1 4 5 5 6

2 86 20 312 4.38 0.73 1 4 4 5 6

3 68 20 817 4.40 0.69 1 4 4 5 6
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1142  |    DICKIE et al.

F I G U R E  2  Cohort 1 -  The trajectory 
for clinical data if a threshold performance 
indicator (PI) of 4 was used. The 95% 
confidence interval around the estimated 
group probability is depicted by the 
dotted lines around the trajectory.

F I G U R E  3  Cohort 2 -  The trajectory 
for clinical data if a threshold performance 
indicator (PI) of 4 was used. The 95% 
confidence interval around the estimated 
group probability is depicted by the 
dotted lines around the trajectory.

F I G U R E  4  Cohort 3 -  The trajectory 
for clinical data if a threshold performance 
indicator (PI) of 4 was used. The 95% 
confidence interval around the estimated 
group probability is depicted by the 
dotted lines around the trajectory.
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    |  1143DICKIE et al.

All trajectories showed an increase in probability of achieving 
LIFTUPP© performance indicator ≥4 between BDS3 and BDS5. By 
the end of BDS5, the probability of all students in each cohort being 
assigned ≥4 was over 95%.

Narrow confidence intervals were observed around the esti-
mated group probabilities for the trajectory in each cohort (see 
dashed lines around trajectories in Figures 2– 4).

3.3  |  Criterion validity

If a threshold performance indicator of 5 was adopted, threshold 
models with two distinct trajectory groups fitted the LIFTUPP© 
data best for all three cohorts (Figures 5– 7). Distinction between 
different groups of student performance meant that models with a 
threshold performance indicator of 5 could be used for comparisons 

with other assessment outcomes and, therefore, could be used to 
investigate criterion validity.

All selected trajectories showed an increase in probability of 
achieving LIFTUPP© performance indicator ≥5 between BDS3 and 
BDS5. However, the trajectories differed in starting point, rate of 
change over time and periodicity.

In cohort 1 (n = 80), the first trajectory consisted of 63 students 
(79%) [group 1– 1] and the second of 17 students (21%) [group 1– 2] 
(Figure 5). The first trajectory (solid line) indicates an initial rise in 
the probability of students achieving LIFTUPP© performance indi-
cator ≥5 between the start and end of BDS3, subsequent plateauing 
during BDS4, followed by a rapid rise in the probability of achieving 
performance indicator ≥5 over the duration of BDS5. The second 
trajectory (dashed line) indicates a longer period of plateau during 
BDS3 with evidence of a slower rise from BDS4 through BDS5, with 
no periods of rapid improvement observed. By the end of BDS5, the 

F I G U R E  5  Cohort 1 -  The trajectories 
for clinical data if a threshold performance 
indicator (PI) of 5 was used. The 95% 
confidence intervals around the estimated 
group probability are depicted by the 
dotted lines around each trajectory.

F I G U R E  6  Cohort 2 -  The trajectories 
for clinical data if a threshold performance 
indicator (PI) of 5 was used. The 95% 
confidence intervals around the estimated 
group probability are depicted by the 
dotted lines around the each trajectory. 
Threshold LIFTUPP© performance 
indicator 5.
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first group had a .85 probability of achieving a performance indica-
tor ≥5 in their LIFTUPP© assessments compared to group 1– 2 who 
had a .55 probability. Overall, group 1– 1 appeared to be the better 
performing group.

The first group of students (solid; 24%; n = 21) in cohort 2 (n = 86) 
[group 2– 1] (Figure 6) demonstrated a linear increase in probability 
of achieving a performance indicator ≥5 from the beginning of BDS3 
to the end of BDS5 (.25 to .70). The second group (dashed; 76%; 
n = 65) [group 2– 2] fluctuated around the linear trajectory over time, 
dipped slightly during BDS5, but ultimately reached a similar point 
by the end of the BDS course (with a probability of .65). Group 2– 1 
appeared to be the better performing group despite both groups 
almost ending up at the same point by the end of the BDS course.

Finally, in cohort 3 (n = 68), one group of students (solid; 63%; 
n = 43) [group 3– 1] (Figure 7) demonstrated an initial increase in their 
probability of obtaining a LIFTUPP© performance indicator ≥5 over 

the course of BDS3, a subsequent decrease during BDS4, followed 
by a rapid rise in BDS5. By the end of BDS5, the probability of group 
3– 1 obtained a performance indicator of 5 was .81. The second 
group (dashed; 37%; n = 25) [group 3– 2] also demonstrated an in-
crease in probability but displayed a slower rise across the duration 
of the BDS course with no periods of rapid improvement. By the 
end of BDS5, the probability of group 3– 2 obtained a performance 
indicator of 5 was .39. Overall, group 3– 1 appeared to be the better 
performing group.

Narrow confidence intervals were observed around the esti-
mated group probabilities for all trajectory groups in each cohort 
(see dashed lines around trajectories in Figures 5- 7).

The associations between LIFTUPP© group membership based 
on a performance indicator threshold of 5 and top 20% performance 
in undergraduate assessments (BDS1- 5) in each of the three cohorts 
are presented in Table 4.

F I G U R E  7  Cohort 3 -  The trajectories 
for clinical data if a threshold performance 
indicator (PI) of 5 was used. The 95% 
confidence intervals around the estimated 
group probability are depicted by the 
dotted lines around the each trajectory.

Cohort
LIFTUPP© trajectory 
group n

Proportion of trajectory group members in top 
20% for examination(s) (%)

BDS1 BDS2 BDS3 BDS4 BDS5

1 1 63 23.81 23.81 19.05 17.46 19.05

2 17 0.00 5.88 23.53 17.65 23.53

p- value (Fisher's exact)* .03 .17 .74 1.00 .74

2 1 21 28.57 23.81 28.57 28.57 33.33

2 65 18.46 20.00 18.46 18.46 15.38

p- value (Fisher's exact)* .60 .76 .36 .36 .11

3 1 43 23.08 20.93 25.58 18.60 20.93

2 25 12.50 20.00 12.00 16.00 16.00

p- value (Fisher's exact)* .34 1.00 .23 1.00 .75

Note: Best performing LIFTUPP© trajectory groups and the highest proportion of students in the 
top 20% for BDS examinations are in bold.
*p- value generated by Fisher's exact test is based on comparison between proportion of students 
scoring in top 20% of the undergraduate examiners per BDS year according to LIFTUPP© group 
membership.

TA B L E  4  Cross- tabulations between 
LIFTUPP© trajectory group membership 
and the top 20% of BDS1- 5 examination 
performance.
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In the two most recent cohorts, a higher percentage of the bet-
ter performing LIFTUPP© trajectory group consistently produced 
a top 20% performance in all BDS1- 5 undergraduate examinations 
(Table 4). In cohort 2, the difference in the percentage of students 
scoring in the top fifth in each year's standalone examinations be-
tween the better performing group (group 2– 1) and the group who 
performed less well (group 2– 2) were as follows: 28.6% (six of 21) vs. 
18.5% (12 of 65) (BDS1); 23.8% (five of 21) vs. 20% (13 of 65) (BDS2); 
28.6% (six of 21) vs. 18.5% (12 of 65) (BDS3), 28.6% (six of 21) vs. 
18.5% (12 of 65) (BDS4); and 33.3% (seven of 21) vs. 15.4% (10 of 
65) (BDS5). For cohort 3, the difference between groups 3– 1 (the 
better performing group) and 3– 2 (the group who performed less 
well group) were as follows: 23.1% (10 of 43) vs. 12% (three of 25) 
(BDS1); 21% (nine of 43) vs. 20% (five of 25) (BDS2); 25.58% (11 of 
43) vs. 12% (three of 25) (BDS3); 18.6% (eight of 43) vs. 16% (four of 
25) (BDS4); and 20.9% (nine of 43) vs. 16% (four of 25) (BDS5). This 
consistent association between the better LIFTUPP© trajectory and 
top 20% undergraduate examination performance was not observed 
in cohort 1.

3.4  |  Reliability of the assessments

Only LIFTUPP© trajectory models with a threshold performance in-
dicator of 5 could be included as part of the Cronbach's alpha calcu-
lations since no discrimination between student clinical performance 
was found using a threshold performance indicator of 4 (see above).

Overall, the panel of assessments displayed high reliability across 
all three cohorts since all Cronbach's alpha scores were ≥0.8815 
(Table 5). However, inclusion of LIFTUPP© data to the panel of 

assessments lead to a small decrease in reliability in all three cohorts 
(Cohort 1– 0.9226 to 0.9042; Cohort 2– 0.9335 to 0.9246; Cohort 3 
0.9152 to 0.8980). Removal of any of the other assessments did not 
result in a decrease in reliability.

4  |  DISCUSSION

This study used a novel means of modelling longitudinal clinical as-
sessment data, and record- linked this data to standalone undergrad-
uate assessment outcomes to demonstrate content and criterion 
validity for three cohorts of dental students within a single dental 
school. To the knowledge of the authors, the methodological ap-
proach used in this study is the first- time longitudinal data sourced 
from LIFTUPP© have been modelled in this manner. It is also the 
first- time LIFTUPP© data have been linked to other forms of assess-
ment used in undergraduate dental education.

Strong data security protocols ensured anonymity and risks to 
the participants were minimal and there was no impact on their 
academic records or progression through the BDS curriculum. The 
data linkage process permitted secondary use of routinely collected 
assessment data, which is not often utilised within educational re-
search, allowing the relationship between current and emerging as-
sessment practices to be investigated.

Due to the rigorous inclusion criteria (see methods), the num-
ber of clinical LIFTUPP© assessments eligible for the study does 
not reflect the full extent of student clinical experience in each 
cohort. Procedures were only considered eligible if an individ-
ual student performed (and had been assessed on) all stages of a 
treatment item on an individual patient. Students are timetabled to 

TA B L E  5  Cronbach's alpha coefficients across all BDS1- 5 examinations and LIFTUPP© trajectory group membership probability per 
cohort.

BDS 
year Assessment

Cohort 1 Cohort 2 Cohort 3

Observations (n)
Cronbach's 
alpha Observations (n)

Cronbach's 
alpha Observations (n)

Cronbach's 
alpha

1 MCQ 90 0.8925 92 0.9152 73 0.8845

OSCE 89 0.8911 92 0.9187 73 0.8823

2 MCQ 88 0.8942 92 0.9128 72 0.8881

MSA 88 0.8895 92 0.9140 72 0.8815

OSCE 88 0.8995 92 0.9245 72 0.8931

3 MSA (anatomy) 87 0.8921 92 0.9138 72 0.8829

MCQ 87 0.8925 92 0.9167 72 0.8843

MSA 87 0.8912 92 0.9113 72 0.8824

OSCE 87 0.8997 92 0.9183 72 0.8919

4 MSA 84 0.8912 91 0.9147 72 0.8950

5 OSCE 82 0.8953 93 0.9236 69 0.8909

3/4/5 LIFTUPP© group prob. 80 0.9226 86 0.9335 68 0.9152

Overall 
Cronbach's 
alpha

0.9042 Overall 
Cronbach's 
alpha

0.9246 Overall 
Cronbach's 
alpha

0.8980
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rotate between different treatment centres (especially during the 
BDS5 outreach programme) and, as a result, some students will 
not complete all the relevant stages for procedures spread across 
multiple visits (e.g. root canal treatments and dentures) on the 
same patient. One student may complete some of the stages be-
fore they are replaced by another student timetabled to attend the 
treatment centre who completes the remaining stages. Although 
LIFTUPP© can easily record student experience in performing 
individual procedural stages (or the components of a procedure), 
assessment of clinical competence becomes more complicated if 
assessors are required to piece together parts of different assess-
ments (or procedural stages performed across multiple patients) 
to determine their true capability in performing clinical tasks. A 
clearer indication of student clinical competence can be drawn 
from procedures which have been completed from beginning to 
end on the same patient, hence why this study opted to focus 
on procedures completed in their entirety by the same student. 
Imposing these strict inclusion criteria also facilitated investiga-
tion of student competence under the premise that their overall 
procedural performance would only be as good as their lowest 
performance indicator for a single treatment stage (see methods 
section). Additionally, some clinical procedures for cohort 1 were 
not assessed and recorded during the early stages of LIFTUPP©'s 
implementation, and, in both cohort 1 and 2, some were not at-
tributable to individual patient encounters and had instead been 
assigned per clinical session. Procedures affected by these circum-
stances were discounted via the inclusion criteria and, therefore, 
the number of procedures included in the study only represent a 
proportion of the students' clinical experience.

Initial statistical descriptions of LIFTUPP© data demonstrated 
a clear difference in the total number of clinical assessments el-
igible for inclusion in the study in cohort 1 compared to cohorts 
2 and 3. Although each subsequent cohort had more clinical data 
that were eligible for inclusion than their predecessors, there was 
a greater increase between cohorts 1 and 2. Interestingly, cohort 3 
completed the most assessments despite consisting of less students. 
Undergraduate dental year groups at the University of Glasgow typi-
cally consist of 65 to 90 students, therefore, despite having a smaller 
number of students, cohort 3 was not an atypical class size. The in-
creased number of assessments from cohort 3 might be explained 
by assessors become more accustomed to the LIFTUPP© system 
over time and/or by drives from educational leads who encouraged 
assessors to complete as many LIFTUPP© student assessments as 
possible.

There were also differences in the distribution of LIFTUPP© 
performance indicators between cohort 1 and cohorts 2 and 3— 
with the two most recent cohorts recording slightly lower perfor-
mance indicators. These observations could again be indicative 
of assessors becoming more familiar with the assessment options 
available within LIFTUPP© and assigning performance indicators 
more in line with the guidance. Cohort 1 was the first group of 
students to have had all undergraduate clinical activity assessed 
via LIFTUPP© and a ‘settling in’ period was to be expected. 

Furthermore, assessor calibration exercises were introduced fol-
lowing the system's adoption. These exercises were conducted 
every 6– 12 months and could have influenced assignment of per-
formance indicators to be more aligned with the guidance for the 
more recent cohorts since examiner training has been shown to 
impact scoring.39 However, even though a difference in scoring 
patterns was detected, there is currently insufficient strong ev-
idence to support this supposition since the effects of examiner 
training on LIFTUPP© data patterns was not investigated as part 
of this study.

Although faculty participate in team calibration exercises in rela-
tion to the application of LIFTUPP© descriptors, there is some dis-
agreement between groups of faculty as to which descriptor marks 
the threshold for competent clinical performance. Some assessors 
still consider a performance indicator of 4 as the threshold whilst 
others argue that the threshold is 5.

Assessors were continually encouraged to refer to the LIFTUPP© 
performance indicator criteria (Table 1) if they were having difficulty 
distinguishing the difference between performance indicators 4 and 
5. They were also shown and guided through examples of student 
assessment scenarios that highlighted the differences between 
the awarding of each of the LIFTUPP© performance indicators. 
However, despite regular calibration of assessors, potential discrep-
ancies in the application of LIFTUPP© performance indicator criteria 
between assessors could not be completely disregarded. Therefore, 
in this study, both indicators 4 and 5 have been used to investi-
gate validity. Content validity was investigated using LIFTUPP© 
performance indicator 4 as the threshold for competence and cri-
terion validity was investigated using performance indicator 5 as 
this threshold was required to discriminate between the students' 
performance.

Although there was no distinction in clinical performance be-
tween groups of students using performance indicator 4 as the 
threshold, the upward trend in trajectories between BDS3 and BDS5 
suggested students were improving over time. By setting a thresh-
old of 5, it was possible to separate students into two performance 
groups in each cohort. All the distinct trajectories also demonstrated 
progression in clinical assessment from BDS3 to BDS5; however, 
their starting point and rate of change over time differed, with a 
clearly ‘better performing’ trajectory within each cohort.

Collectively, the patterns of the trajectories appeared to suggest 
that LIFTUPP©, and therefore longitudinal data, have a degree of 
content validity for measuring development of dental student clin-
ical competence since the trajectories reflected patterns of clinical 
development that would be expected of students as they progress 
through the curriculum (i.e. an upward trend) and it was possible to 
detect differing patterns of student performance. However, the lack 
of distinction between student groups in the models with threshold 
4 meant only the threshold 5 models could be used to investigate the 
criterion validity of LIFTUPP©/longitudinal data.

There was some evidence to suggest that LIFTUPP©/longitudi-
nal data have a degree of criterion validity (in measuring develop-
ment of clinical performance) since students allocated to the better 
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performing trajectories in cohorts 2 and 3 tended to perform better 
in standalone undergraduate assessments. There are no ‘gold stan-
dard’ assessment methods within dental education, but the validity 
of OSCEs40– 46 and MSAs47 has been well publicised. In addition, al-
though there is less robust evidence to support the validity of MCQs, 
they remain one of the most frequently used assessment methods 
within dental education.7,8,11 OSCEs, MSAs and MCQs form a range 
of assessments that, together, provides an overall picture of student 
development and attainment. Therefore, comparing LIFTUPP© data 
with MCQ, MSA and OSCE outcomes provides a starting point for 
investigating the criterion validity of longitudinal assessment.

It was worth noting that the low number of LIFTUPP© perfor-
mance indicators <4 shown in the results may be indicative of a 
long- standing problem withing dental education— ‘failure to fail’.48 
This issue occurs when assessors are reluctant to fail students once 
they are admitted onto the course49,50 and can occur for a variety of 
reasons.51– 54

Even though the LIFTUPP© system seeks to make assessment 
more objective through provision of descriptors which define the 
awarding of each performance indicator, there is (once again) no 
guarantee assessors will always abide by the criteria, or they may 
interpret the assessment criteria differently based on their own 
clinical and assessment experience.55 Berendonk, Stalmeijer and 
Schuwirth (2013)56 also suggested assessors may be tempted to 
make comparisons between individual student performances (i.e. 
students are benchmarked against one another instead of the as-
sessment criteria). Furthermore, Gingerich, Regehr and Eva (2011)57 
have suggested assessor's judgements can be influenced by a vari-
ety of cognitive factors (such as mood, impression formation, and 
interactions with previous individuals), which again may result in 
assessors (unconsciously) deviating from the application of strict as-
sessment criteria.

Although investigations into potential occurrences of ‘failure to 
fail’ was not an intention of this study, it is important, in the absence 
of further information, not to rule out this long running issue within 
dental education as a potential explanation for the returned results 
as it can lead to serious implications regarding patient safety.58,59

Longitudinal assessment formats may have a positive impact on 
‘failure to fail’ if they ensure students are assessed by a range of as-
sessors. This may counter- balance lenient assessors (‘doves’) against 
those who are very strict (‘hawks’)60– 62 and facilitate triangulation 
of information on performance so an accurate representation of 
a student's skills and abilities can be formed,61,63 thus increasing 
assessment validity.64– 66 However, at present, both the degree of 
calibration among assessors and the incidence of assessor extremes 
(‘hawks’ or ‘doves’) in relation to longitudinal clinical assessment 
have yet to be meaningfully explored.

It was noted that the relationship between ‘good’ LIFTUPP© 
performance and ‘good’ examination performance was more pro-
nounced in cohort 2 than in cohort 3 (Table 4). Potential causes for 
this observation are not yet fully understood but may indicate that 
trajectory shapes could be influential and require further research. 
The lack of association in cohort 1 may (again) have been due to 

varying degrees of calibration among assessors following the initial 
adoption of LIFTUPP©.

LIFTUPP© appears to be a reliable assessment format. However, 
incorporating each student's longitudinal clinical performance into 
a single metric to allow the calculation of a reliability statistic was 
challenging. Simply assigning a binary value of ‘1’ or ‘0’ to each stu-
dent did not provide the necessary variation— therefore, the prob-
ability of membership of the trajectory was used for each student. 
This requires further work.

The findings are based on data collected from a single dental 
school and, due to the relatively recent introduction of LIFTUPP© 
to the University of Glasgow Dental School, only three cohorts 
of student data could be analysed. Therefore, as anticipated, the 
study lacked the power to demonstrate important differences sta-
tistically. Despite the small number of participants and cohorts, 
the LIFTUPP© system provided very large data sets derived from 
robust (almost real time) electronic data capture. It was possible to 
apply statistical modelling methods to these data and it appears that 
GBTM is one which shows promise in modelling the large amounts of 
time varying data gathered by LIFTUPP© since it provided simple— 
but meaningful— graphical and tabular summaries. These summaries 
not only allowed content validity for longitudinal clinical assessment 
data to be explored, but also facilitated comparisons with other as-
sessments (undergraduate examinations and LEPs) to investigate cri-
terion validity since student trajectory group memberships supplied 
outcomes of clinical performance.

Like any statistical modelling technique, GBTM has associated 
limitations, most of which are due to GBTM summarising the av-
erage behavioural trend(s) of multiple individuals to create distinct 
trajectory groups into which each individual can be classified. Data 
classification processes are susceptible to error67 and even though 
GBTM attempts to mitigate errors by basing its classifications on the 
available data, not every individual allocated to a group will precisely 
follow the group trajectory. As a result, each trajectory group mainly 
consists of individuals whose developmental patterns resemble 
one another (and the overall group trajectory) compared with other 
trajectories.24

There may be a small number of individuals whose data do not 
follow the more typical trajectories produced by collections of other 
individuals within the cohort. If there are few individuals follow-
ing more atypical trajectories, it may not be possible to generate a 
unique trajectory group for them to be allocated to. Instead, outlying 
individuals may be approximated into one of the more typical tra-
jectory groups, resulting in some individuals being ‘miscategorised’. 
Therefore, in this study, some students may have been ‘upgraded’ 
into a better performing trajectory group or ‘downgraded’ into a 
group performing less well, meaning a more accurate representation 
of their development was lost, which, ultimately, will have influenced 
data interpretation.

Furthermore, the number, shape and accuracy of the trajectories 
identified through GBTM are strongly influenced by several factors, 
such as sample size, number of available data points and the timeframe 
over which data have been gathered.24,68 Therefore, the trajectories 
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are not definitively fixed nor are individual memberships to the tra-
jectory groups.24 Although study power and precision of results can 
be increased through larger sample sizes,48 GBTMs will always be ap-
proximations of more complex development behaviour(s).24

Selection of the two group models as the best fitting (for 
threshold 5) was predominantly guided by the BIC. In general, 
models with the BIC closest to zero are the best fitting19,28 and 
this also appeared to be the case in this study. None of the models 
displaying the BIC closest to zero in each cohort were rejected fol-
lowing additional testing for statistical adequacy or because they 
appeared less parsimonious than other models when their graphi-
cal appearance and relationship to the undergraduate results were 
scrutinised. However, it was possible that more appropriate mod-
els may have been missed despite this approach being consistent 
with guidelines on model selection (as suggested by the developer 
of the GBTM technique).23,34

It is worth noting that, due to the complexity of the analyses and 
limitations of GBTM, the authors would recommend seeking appro-
priate statistical support before adopting this modelling technique 
for further studies.

Since there is currently very little literature on the utility of 
LIFTUPP© data for assessment of clinical development, it is difficult 
to relate the findings of this study to others. However, the results 
presented here echo two previous studies by Prescott- Clements 
et al.10 and Roudsari.7 The former demonstrated upwards trajecto-
ries of longitudinal performance over the duration of the UK's 1- year 
dental postgraduate vocational training period using mean scores 
recorded by longitudinal evaluations of performance (LEPs)69 for 
two cohort of vocational dental practitioners (VDPs). The latter used 
LIFTUPP© data and an alternative data modelling technique (Bayes 
theorem) to demonstrate an upward trend in student clinical perfor-
mance (in oral surgery) over time.7 Although both the oral surgery 
study and the study presented in this paper have illustrated trends 
within LIFTUPP© data, there may be some debate over what these 
findings ultimately mean. There are several questions which need 
some consideration, and these include: Does it really matter where 
students start in their development? Are the ways in which students 
progress to the end point important? Can these findings be used to 
enhance assessment?

The opinions of key stakeholders may provide the answers to 
such questions and contribute further evidence on the validity of 
longitudinal assessment. However, there is still a need to build the 
evidence base further. This could partly be achieved through ex-
panding this study across multiple centres and subsequent student 
cohorts, but the use of other sources and approaches also needs 
some consideration.

Overall, this study has served as a starting point upon which fu-
ture studies on the validity of longitudinal data for assessment of the 
development of clinical skills could be built, not just within dental ed-
ucation, but for other specialties which use, or are considering using, 
this form of assessment. Providing there are enough observations, the 
statistical modelling technique used in this study could be applied to 
individual subject areas within different specialities (e.g., oral surgery 

within dentistry). This could allow assessors to monitor how students 
progress over time and identify points at which intervention is re-
quired should dips in (average) performance be detected. The mini-
mum number of observations required to ensure accurate longitudinal 
data trajectory models are generated requires further investigation.

5  |  CONCLUSION

There is good evidence to suggest that longitudinal clinical assess-
ment data (recorded via the LIFTUPP© system) have both con-
tent and criterion validity for determining development of clinical 
competence.

With respect to the first objective set out in the introduction 
section, evidence for content validity was demonstrated by trajec-
tory patterns of clinical performance trending upwards as students 
progressed through the BDS course, indicating that students' clinical 
abilities were improving over time.

In terms of the second objective, evidence for criterion validity 
for longitudinal clinical assessment was illustrated by associations 
between better undergraduate longitudinal clinical performance and 
better undergraduate examination outcomes in the two most recent 
student cohorts (i.e. the graduating classes of 2018 and 2019).

Finally, in relation to the third objective, no conclusive evidence 
on the degree of reliability for LIFTUPP© data was obtained.

Further studies in different settings (e.g. medicine, nursing, vet-
erinary medicine and other dental schools) and in additional cohorts, 
as routine use of LIFTUPP© becomes more common, are needed to 
confirm, and build upon these findings.
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