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Competency-based approaches in health professions education should 
ensure safe and effective clinical services to society.[1,2] It has been argued that 
outcomes in this regard should become more transparent.[2] Unfortunately, 
the only available empirical evidence in the surgical domain of dental 
education[3] is scant and unconvincing at best.

Competence is generally gauged with criterion-based methods,[4,5] which 
are not very feasible in busy clinical environments. Hence, workplace-based 
assessment (WBA) needs to be simplified to unlock true potential.[6] 

Giving feedback regarding a student’s ability on a global scale is a useful 
form of big-picture task-level feedback,[7,8] but marks given to a student 
do not necessarily reflect their ability to perform a skill independently. We 
suggest that basing WBA on progressive independence[9-13] may provide a 
solution to such challenges owing to the relative simplicity of the measure. 
Progressive independence refers to a student’s ability to increasingly 
complete procedures and skills correctly without the intervention of 
a clinical teacher.[9-13] Competence can be defined as the capacity to 
demonstrate skills independently and accurately through the application 
of knowledge, while displaying a professional attitude and conduct.[14-18] 
Students must consequently be motivated to advance their competence 
through increased autonomy to stimulate individual growth.[19,20] This 
approach does not imply that competence can be measured solely in terms 
of independence, because procedural, student, teacher and environmental 
factors may impact on independence measurement.[9] The level of difficulty 
is an important factor to consider and can skew independence measurement 

by predominantly basing independence on successful completion of easier 
procedures only.[9] A  multifocal assessment protocol is therefore required 
to effectively measure independence gradients, catering for control of the 
level of difficulty. 

Empirical evidence in this regard only exists in the field of postgraduate 
surgery training, which includes a supervision index[12] and the so-called 
Zwisch model.[21,22] The only other WBA instrument found in the 
undergraduate literature that would be able to measure assistance provided 
during clinical training, is a system proposed by Bookhan et al.,[23] which, to 
date, lacks published empirical evidence. In fact, no such evidence exists in 
undergraduate dental education.

Given the lack of empirical evidence of a graduate’s abilities at exit level in 
undergraduate dental education, we aimed to measure students’ abilities to 
remove teeth independently in the final year of study in a WBA environment.

Materials and methods
Institutional context
This study was conducted in the exodontia (tooth removal/extraction) 
clinic of the Department of Maxillofacial and Oral Surgery, School of 
Dentistry, University of Pretoria (UP), South Africa (SA), in 13 dental chairs 
in open-plan cubicles, allowing for unrestricted supervision of multiple 
students. After each encounter, students were directly assessed on chairside 
computers using the password-protected GoodX Dental Studio software 
(GoodX, South Africa). Authorised clinical teachers (henceforth referred to 
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as teachers) could sign off assessments on the system, with encrypted data 
being stored on a central server. Each day comprised three 2-hour sessions, 
with a student typically attending to 1 or 2 patients per session. The student-
to-teacher ratio was ~4:1. Thirteen trained teachers assisted the primary 
researcher throughout the study period (2014 - 2016).

Study design and sample selection
The study cohort comprised all enrolled final-year (fifth year) dental 
students (2014 - 2016). Their first exposure to removal of teeth was at the 
beginning of their fourth year of study.

Measurements
After a thorough case presentation, including radiographic examination, 
students and teachers agreed on the difficulty (easy, standard or difficult) of 
the intended extraction, based on specific criteria (Table 1).

After completion, students captured the dental procedure codes 
(8201/8202 (first/subsequent extraction per quadrant), 8937 (surgical 
extraction), 8941 (first impaction), 8943 (second impaction), 8945 
(subsequent impaction)). Teachers rated the outcome of each extraction 
based on a scale (Table  1). A zero score applied to demonstrations to 
inexperienced students, typically at the beginning of their fourth year or 
at first exposures to surgical extractions. Scores of 1 - 3 applied to students 
requiring teacher intervention (independence score 0), taking difficulty 
level into account. Similarly, scores of 4 - 6 applied to cases where students 
removed teeth independently (independence score 1), sometimes with 
verbal advice. Teachers could upgrade difficulty to the next level (from 
easy to standard and standard to difficult) after completion. This step was 
warranted if unforeseen complications arose related to tooth/bone anatomy 
(not visible clinically or on two-dimensional radiographs) or because of 
patient behaviour (e.g. children <12 years old).

Relevant data were obtained from an electronic Microsoft Office Excel 
(Microsoft Corp., USA) report, downloaded from the GoodX Dental 
Studio database, which was used to calculate the number of teeth removed 
(including teeth removed surgically), independence ratios and difficulty 
scores. These indicators were reported to students as feedback on a quarterly 
basis and at the end of the cycle to encourage them to be more engaged 
regarding the procedure, attempt more difficult procedures and increase 
their independence.

The independence ratio over time and a level of difficulty index (LDI) 
were  measured as follows: as A, B and C (Box  1) had varying levels of 
difficulty, a utility weight had to be assigned to each. It was decided to 
use rounded-off monetary values (based on relative value units) assigned 
to dental procedure codes used by Discovery Health, the largest open 
medical aid scheme in SA (https://www.discovery.co.za/portal/individual/
login ‒ password-protected information available from the researcher). The 
removal of a second tooth (code 8202) in the same region as a first extraction 
is generally easier than the first (code 8201); hence, a lower monetary value 
applies. The medical aid rate for a conventional extraction was 2.5 times 
more than for the removal of a second or subsequent tooth. Similarly, 
surgical removal of a tooth (code  8937) was ~9 times more expensive 
than the cost of removing an additional tooth. Utility weightings of 1, 2.5 
and  9 were therefore respectively allocated to the easy  (A), standard  (B) 
and difficult (C) extractions. It should be noted that the aim of this index 
was merely to serve as a proxy of difficulty to ensure valid interpretation of 
independence ratios and as feedback to students on difficulty achieved. Data 
modelling shows that a student with a higher number of easy extractions will 
achieve a lower difficulty index than a student with fewer easy extractions, 
when the number of standard and difficult extractions are the same for both 
students. The reverse is also true when a student achieves more difficult 
extractions while the number of easy and standard extractions is the same. 

During pretesting of the data, tooth extraction (removal) counts displayed 
skewed distributions, while the LDI and independence ratios (Box 1) 
showed close to normal distributions. Changes in extraction counts, LDI 
scores and independence ratios were reported by using descriptive statistics. 
The Wilcoxon signed-rank test, paired samples t-tests and χ2 tests were used 
for the three indicators, respectively, to measure changes in progression 
between quarterly feedback episodes.

The primary researcher performed the same role as all the other teachers 
and his data were used as reference to evaluate data variance of the others 
because of his leading and staff developmental role. For independence ratio 
differences, χ2 analysis was used to assess these differences. The teachers’ 
average difficulty scores (4 - 6) for successfully completed conventional 
tooth extractions were compared with the primary researcher’s average 
ratings at year-end. Surgical tooth extractions were excluded because 
of their high level of difficulty (default score of 6) and as some teachers 
had to supervise more surgical tooth extractions than others owing to 
the operational environment. A 10% difference was arbitrarily set to be 
acceptable owing to expected variances in work allocation and supervision 
roles due to operational circumstances and other environmental factors.[9] 

Table 1. Continuous assessment scales for exodontia (tooth 
removal/extraction) 

Level of difficulty Independence scale
Score Criteria* Score Criteria
0 Easy/standard/

difficult
Not 
assessed

Completed by the clinical teacher 
(e.g. demonstration)

1 Easy 0 Completed by the student, with 
physical intervention of the 
clinical teacher

2 Standard
3 Difficult
4 Easy 1 Completed by the student, 

without physical intervention of 
the clinical teacher. Oral advice 
may however have been provided

5 Standard
6 Difficult

*Easy = periodontally compromised/mobile teeth, primary tooth with root resorption, bone 
loss around roots, e.g. periapical abscess or periapical bone destruction visible on a radiograph; 
standard = normal extraction of primary or permanent teeth with normal bone and roots; difficult 
= dilacerated or long or divergent roots, root canal-treated tooth without bone loss, root rest with a 
difficult approach, impactions.

(1 × A) + (2.5 × B) + (9 × C)

(A + B + C)

Box 1. Independence ratio and level of di�culty formulas

Independence ratio = 

Level of di�culty index =

A = teeth for which a score of 4 was obtained, n 
B = teeth for which a score of 5 was obtained, n
C = teeth for which a score of 6 was obtained, n

Number of times the skill was completed 
correctly and independently

Number of times the skill was completed

https://www.discovery.co.za/portal/individual/login
https://www.discovery.co.za/portal/individual/login
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Some of these teachers were postgraduate students specialising in surgery. 
By default, they had better surgical skills and were often approached to assist 
students when complications were anticipated, which may have skewed the 
LDI to be higher than normal.

Students’ exposure to teachers was also evaluated, as it was anticipated 
through the literature[9] that in ensuring patient safety, some teachers 
have more courage to allow independence than others. It was argued that 
this could not be controlled through precalibration and that it would be 
acceptable provided students were exposed to most of the teachers. 

Ethical approval
The Research Ethics Committee, Faculty of Health Sciences, UP, gave ethical 
approval (ref. nos 189/2015 and 137/2016) to collect the data prospectively 
for the 2015 and 2016 cohorts and retrospectively for the 2014 cohort.

Results
A total of 13 263 assessments (2014 - 216) were included after discarding three 
obvious incorrect mark allocations and 166 extractions that were not assessed.

The 2014, 2015 and 2016 cohorts’ mean exposure to the range of teachers 
amounted to 88% (range 60 - 100%), 87% (73 - 100%) and 90% (70 - 100%), 
respectively.

Student statistics
Fig.  1 provides a visual representation of the gradient of the average 
independence growth within cohorts between feedback episodes, clearly 
flattening off towards the end. 

Independence ratios started at 0.86 (standard deviation (SD) 0.09; 
range 0.56 - 1.00) in 2014, increasing to 0.90 (0.05; 0.79 - 1.00) by the end 
of training (Table  2). In 2015, the baseline was 0.89 (0.10; 0.53 - 1.00), 
increasing to 0.92 (0.04; 0.78 - 1.00), and in 2016 the baseline was 0.92 
(0.06; 0.79 - 1.00), progressing to 0.94 (0.03; 0.86 -1.00) (Table 2). As tooth 
extraction counts increased, only slight (often statistically insignificant) 
variable changes could be detected for the mean LDI scores, as measured 
during feedback episodes (Table  2). LDI scores varied considerably at 
baseline among students. The variability declined somewhat towards the 
end of the year, with smaller SDs being observed.

Table  3 displays examples of feedback provided to individual students 
(2014 - 2016), showing achievements in the number of teeth removed, 
LDI scores and independence ratios. Students were provided with an 
anonymised table quarterly, similar to Table 3, informing them of:
• problem areas that need attention
• progression/worsening compared with the previous feedback episode
• standing in relation to their peers. 

Values in bold in Table 3 show performance below par for extraction count, 
LDI and independence ratios at first and last feedback for 6 students chosen 
for illustrative purposes. The extraction count threshold was 60 (typical 
minimum extraction quota for the year), while the LDI threshold was 2.35 
(minimum requirement of achieving 90% standard extractions and 10% 
easy extractions). The independence ratio threshold was 90% (arbitrary 
chosen target for students). Addendum A (https://www.samedical.org/
file/1880) contains a similar display for the entire study. The number of 
students not complying with the independence ratio target decreased from 
first to last feedback in each of the cohorts. Moreover, most of those who 
did not comply initially, highlighted at the bottom of Addendum A, appear 

to have improved their independence ratios over time (some more than 
others), with very few ending below 85%. It should, however, be noted 
that 3/29, 4/25 and 13/45 of those who achieved the 90% independence 
ratio threshold in 2014, 2015 and 2016, respectively, did not conform to 
the LDI standard of 2.35. Conversely, many students with slightly below 
threshold independence ratios achieved LDI scores above the threshold, 
with only a minority achieving below par independence ratios and LDI 
scores (Addendum A).

Clinical teacher statistics
Table  4 shows the clinical teacher statistics and their years of experience. 
Independence ratios awarded by teachers were similar to those awarded 
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Fig. 1. Average growth in independence (2014 - 2016).
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by the primary researcher (the reference), with a few exceptions. In 2014, 
teachers 1 and 8 (n=2/9 teachers) awarded 3% and 4% higher independence 
(χ2; p<0.05), respectively, compared with the reference. Their mean difficulty 
scores were, however, similar to those of the primary researcher. The same 
occurred in 2015 (teachers 2 and 3; n=2/11). In 2016, only teacher 9 was 5% 
less lenient in allowing independence.

Average difficulty rating differences compared with those of the primary 
researcher mostly fell within the predetermined limit of 5% (Table 4). In 2014, 

8/9 teachers differed by <5%. The highest observed difference in  2014 was 
7.6% for teacher 7, who had a very small extraction assessment count (n=49). 
In 2015, only 2/11 average difficulty ratings exceeded the 5% cut-off slightly 
(5.91% and ‒5.70%). In 2016, 2/9 differences of ˃5% were noted, specifically 
for teachers 10 (14.9%) and 12 (7.1%) (Table 4).

Discussion
As far as we are aware, this is the first study that illustrates the development 

Table 2. Changes in tooth extraction counts, LDI scores and independence ratios (2014 - 2016)
Feedback episodes and statistical significance (p) between feedback episodes

Cohort Description
March/April June August/September September October

1st p 2nd p 3rd p 4th p 5th
 014 Extraction count* 0.000 0.000 0.000 0.000
  Median 33 55 73 84 87
  Range 13 - 75 17 - 121 25 - 153 26 - 162 27 - 168
  LDI 0.405 0.072 0.059 0.286
  n 2 060 3 326 4 367 4 965 5 207
  Mean 3.06 3.02 2.97 2.94 2.93

SD 0.71 0.59 0.55 0.50 0.49
  SE 0.09 0.08 0.07 0.07 0.06
  Range 2.03 - 4.55 2.11 - 4.41 2.05 - 4.58 2.11 - 4.50 2.20 - 4.43
  Independence ratios 0.026 0.000 0.000 0.042
  Mean 0.86 0.88 0.89 0.90 0.90
  SD 0.09 0.07 0.06 0.05 0.05
  SE 0.01 0.01 0.01 0.01 0.01
  Range 0.56 -1.00 0.74 - 1.00 0.75 - 1.00 0.78 - 1.00 0.79 - 1.00
2015 Extraction count* 0.000 0.000 0.000 0.000
  Median 30 57 78 89 92
  Range 17 - 66 39 - 147 354 - 190 64 - 207 65 - 219
  LDI 0.886 0.066 0.327 0.328
  n 1 143 2 230 2 996 3 399 3 477
  Mean 2.75 2.74 2.68 2.69 2.7

SD 0.74 0.59 0.6 0.59 0.58
  SE 0.12 0.1 0.1 0.1 0.1
  Range 1.47 - 4.62 1.80 - 4.50 1.84 - 4.50 1.76 - 4.67 1.77 - 4.73
  Independence ratios 0.081 0.013 0.123 0.283
  Mean 0.89 0.9 0.91 0.91 0.92
  SD 0.1 0.06 0.05 0.04 0.04
  SE 0.02 0.01 0.01 0.01 0.01
  Range 0.53 - 1.00 0.72 - 0.98 0.74 - 0.98 0.77 - 0.98 0.78 - 0.98
2016 Extraction count* 0.000 0.000 0.000 0.000

Median 23 56 77 83 85
  Range 9 - 62 29 - 115 50 - 127 58 - 148 65 - 150
  LDI 0.442 0.917 0.427 0.151
  n 1 295 3 071 4 072 4 440 4 579
  Mean 2.66 2.74 2.74 2.73 2.71
  SD 0.86 0.69 0.58 0.57 0.56
  SE 0.12 0.1 0.08 0.08 0.08
  Range 1.30 - 4.67 1.49 - 4.61 1.61 - 4.45 1.61 - 4.31 1.61 - 4.43
  Independence ratios 0.015 0.104 0.406 0.053
  Mean 0.92 0.93 0.94 0.94 0.94
  SD 0.06 0.04 0.04 0.03 0.03
  SE 0.01 0.01 0.01 0 0
  Range 0.79 - 1.00 0.83 - 1.00 0.82 - 1.00 0.86 - 1.00 0.86 - 1.00
LDI = level of difficulty index; SD = standard deviation; SE - standard error.
*Teeth removed by the student, n (statistical tests: Wilcoxon signed-rank test, LDI - paired samples t-test, independence ratios – χ2 test).
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of independence involving undergraduate students. The design of the WBA 
instrument comprised three inter-related elements, i.e. independence ratios, 
a customised LDI and tooth extraction counts. Each of these performance 
indicators plays an important role in motivating students to develop their skills.

Variable independence ratios observed at baseline suggest different 
abilities at the start, ranging from 53% to 100%. As the extraction count 
increased, independence improved, but not all students could reach 
independence of ˃80% (especially in 2014 and 2015). The general trend, 
however, was a gradient of increased independence.

The validity of independence ratios is highly dependent on the control of 
difficulty to avoid the risk of manipulation of the ratios by only attempting 
easy procedures, which by default results in high ratios. This study showed 
that, when measured over long periods of time, average difficulty levels 
remained approximately the same, which is logical, as work is randomly 
allocated. LDI scores varied considerably at baseline, suggesting that some 
students were already engaging in more complex procedures than others. 
Although the mean LDI remained relatively consistent, the SDs shrunk 
when compared with baseline, suggesting that lower-performing students 

Table 4. Comparison among clinical teachers’ assessment load, independence ratios and level of difficulty 
Teacher Reference 1 2 3 4 5 6 7 8 9 10 11 12 13
Experience, years >20 >20 >20 >20 >10 >20 <5 >20 <5 <10 <10 >20 >10 <5
2014
n 729 297 866 633 685 688 239 49 433 235 - - - -
Independence ratio, mean 0.94 0.97* 0.96 0.96 0.95 0.93 0.91 0.92 0.98* 0.94 - - - -
Difficulty, mean 4.83 4.49 4.73 4.85 4.96 5.06 4.93 5.20 4.76 4.92 - - - -
SD 0.57 0.69 0.55 0.56 0.41 0.24 0.67 0.59 0.66 0.64 - - - -
95% CIL 4.79 4.86 4.69 4.81 4.93 5.04 4.84 5.02 4.70 4.84 - - - -
95% CIU 4.88 5.02 4.77 4.90 4.99 5.08 5.02 5.38 4.83 5.01 - - - -
Difference to the reference, % - 2.28 ‒2.07 0.41 2.69 4.76 2.07 7.66 ‒1.45 1.86 - - - -
2015
n 260 199 533 414 331 332 13 187 260 159 - 501 - -
Independence ratio, mean 0.93 0.96 0.98* 0.97* 0.96 0.93 0.85 0.96 0.94 0.93 - 0.94 - -
Difficulty, mean 4.74 4.86 4.70 4.61 4.86 5.02 4.91 4.83 4.62 4.91 - 4.47 - -
SD 0.59 0.75 0.60 0.56 0.52 0.40 0.54 0.51 0.77 0.61 - 0.56 - -
95% CIL 4.67 4.75 4.65 4.55 4.81 4.97 4.55 4.75 4.53 4.81 - 4.42 - -
95% CIU 4.82 4.97 4.75 4.66 4.92 5.06 5.27 4.90 4.72 5.01 - 4.52 - -
Difference to the reference, % - - ‒0.84 ‒2.90 2.53 5.91 3.59 1.90 ‒2.53 3.59 - ‒5.70 - -
2016
n 245 293 866 633 - - - - 280 390 192 662 165 565
Independence ratio, mean 0.97 0.98 0.98 0.94 - - - - 0.96 0.92* 0.97 0.98 0.96 0.98
Difficulty, mean 4.67 4.90 4.53 4.66 - - - - 4.58 4.88 5.37 4.44 5.00 4.67
SD 0.63 0.67 0.61 0.59 - - - - 0.69 0.58 0.50 0.58 0.63 0.63
95% CIL 4.59 4.82 4.49 4.61 - - - - 4.50 4.82 5.29 4.40 4.90 4.58
95% CIU 4.75 4.98 4.57 4.71 - - - - 4.66 4.94 5.44 4.49 5.10 4.69
Difference to the reference, % - 4.93 ‒3.00 ‒0.21 - - - - ‒2.00 4.50 14.99 ‒4.93 7.07 ‒0.07

SD = standard deviation; CIL = confidence interval lower; CIU = confidence interval upper.
*χ2: p<0.05.

Table 3. First and last feedback provided to 6 students on tooth extraction counts, level of difficulty index scores and independence ratios*

Students, n

First feedback Last feedback
Extraction 
count LDI

Independence 
ratio Targets achieved

Extraction 
count LDI

Independence 
ratio Targets achieved

3 75 2.38 0.99 All 123 2.79 0.98 All 
16 25 2.34 0.88 None 51 2.31 0.92 For independence ratio only 
17 38 1.47 0.92 For independence ratio only 82 2.26 0.93 For extraction count and 

independence ratio only
18 30 3.37 0.87 For LDI only 76 3.14 0.92 All 
41 26 2.03 0.69 None 97 2.22 0.88 For extraction count only 
28 33 2.27 0.85 None 91 2.66 0.90 All 

LDI = level of difficulty index.
*Values in bold = performance below par for extraction count, LDI and independence ratios.
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started engaging in more complex procedures. Unfortunately, ~20% of 
students who achieved the 90% independence ratio threshold did not 
conform to the LDI threshold of 2.35, suggesting inflated independence 
ratios and low proficiency and/or engagement in complex work. Conversely, 
most students who achieved below par independence ratios of 80 - 89%, 
had final LDI scores above the threshold. The latter scenario can be deemed 
more acceptable than the previous one, because these students achieved 
some success in independently completing more difficult work.

Variances in clinical teacher statistics suggest that teacher and 
environmental factors may have affected the scoring process. The literature 
indicates that teacher audacity to trust a student to continue ensuring patient 
safety,[24] is indeed a critical factor in progressive independence.[9] Clearly, 
there were teachers who allowed slightly less independence in the current 
study, but it could not be linked to years of experience (Table 4). It can be 
argued that environmental factors[9] such as the scheduling of teachers may 
also influence the results. Teachers assessing only in the latter half of the year 
by default award higher independence ratios than those working throughout 
the year, as students’ competence increases with time. This is evident in 
the primary researcher’s slightly higher than normal independence ratios 
awarded for 2016 (Table 4). He worked in the clinic only in the latter half 
of the year (owing to a medical problem), when the students had more 
confidence. Further study is required to understand the relationships of 
interacting forces related to the students, teachers, environment, procedures 

and feedback, specifically to inform staff development.
Teachers’ LDIs were more reflective of the complex environment. Only 

broad congruence could be shown, with some variability in interpretation. 
The particularly large deviation of teacher 10 in 2016 can be explained by his 
role in supervising cases that were anticipated in advance to be problematic 
(when the primary researcher was absent). These cases included, e.g. root 
canal-treated teeth, teeth with divergent roots and extreme bone density. 
The remaining deviations of ~5% can be explained by environmental 
factors in work allocation and the interpretation of what is considered to 
be difficult, in particular. Such interpretation can only be calibrated up 
to a certain point and in a real-life situation. A recent article suggests that 
teacher variance should be supported and an assortment of teachers who 
manage students be encouraged.[25] Students were exposed to a variety of 
teachers. The results of the study show that the majority of students were 
indeed exposed to most teachers, which in turn would even out discrepancy 
to some degree. Given all these interacting factors, we were satisfied that 
the LDI gave a fair reflection of the difficulty achieved. It is however 
recognised that continuous staff training and communication in this regard 
are essential. 

Study limitations
The data reported in this study reflect the nature of operational circumstances, 
which affect WBA, but are deemed reliable enough to be used and to be 
developed further. A clearer understanding of interacting factors is needed 
to improve the system to further enhance reliability and validity.

The effect of feedback was not examined. The progression shown 
between feedback episodes cannot be attributed to feedback, because of 
the cross-sectional nature of the snapshots taken to periodically measure 
independence. The association between progression and feedback should 
therefore be explored in further studies. 

This pilot study involved measurement in final-year cohorts only and 
concentrated on a single range of skills. Applying the system to a broader 
range of scenarios is essential to evaluate its potential. Expansion to other 
disciplines (e.g. radiography and restorative dentistry), where high numbers 
of procedures are performed, is feasible.

Standards used in this study were also not used to pass and fail students, 
because of the development of the new WBA system as part of a research 
project. For this period, other assessments were used for final pass/fail 
decisions. WBA was used as a formative assessment tool based on data, 
encouraging students to aim for targets. If distinct cut-offs existed, student 
behaviour may also have differed. These issues also need further exploration.

It is indeed so that no educational intervention is perfect owing to 
considerable complexity of the context.[26] Attempts to apply theory in 
context with the aim of improvement and to generate new theory are 
however essential,[26] which is the aim of this ongoing project.

Conclusion
This study illustrates that it is possible to achieve independence in 
exodontia, ranging between 80% and 100%, at the exit-level of a dental 
curriculum, and is the first known empirical evidence in this regard. 
Gradients of increased independence could be shown over time, as well as 
variance between students. Independence ratios appeared to be sensitive 
enough to discriminate between students, with high and low dependence. 
Independence ratios should be used in combination with difficulty scores to 
draw inferences on ability. The measurement of difficulty, student exposure 
to different teachers and a relatively high number of procedures are, 
however, critical to increase reliability in the complex environment. 
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