
Open Access

© The Author(s) 2023. Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which permits 
use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original 
author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third 
party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the mate-
rial. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or 
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http:// 
creat iveco mmons. org/ licen ses/ by/4. 0/.

RESEARCH

Hartmann et al. Empirical Res Voc Ed Train           (2023) 15:15  
https://doi.org/10.1186/s40461-023-00153-x

Empirical Research in 
Vocational Education and Training

Digital measurement of hands-on 
performance? Ecological validation 
of a computer-based assessment of automotive 
repair skills
Stefan Hartmann1*  , Emre Güzel1 and Tobias Gschwendtner1 

Abstract 

We investigated the ecological validity of performance measures from a computer-
based assessment tool that utilises scripted video vignettes. The intended purpose 
of this tool is to assess the maintenance and repair skills of automotive technician 
apprentices, complementing traditional hands-on assessment formats from the Ger-
man journeymen’s exams. We hypothesise that the ability to correctly judge repair 
actions shown in videos is a good predictor of the ability to perform corresponding 
actions in hands-on scenarios. Apprentices in the third year of vocational training 
carried out repairs on real cars or car systems, while experts rated their performance. 
After this, they worked on our computer-based tests, which utilise videos of very 
similar repairs. The correlation between video judgement and hands-on performance 
was lower than expected for most repair actions as well as for overall scores, indicating 
insufficient ecological validity of the test score interpretations. However, the findings 
are promising for developing future tests, as the results for some repair actions indi-
cate it is generally possible to develop ecologically valid video-based items focus-
ing on hands-on skills. We discuss the results in the light of a validation framework 
that combines validity evidence from different sources for the same assessment tool. 
Finally, we hope our findings contribute to a broader discussion about the psychomet-
ric quality of exams.
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Introduction
In vocational education and training (VET), computer-based assessment (CBA) envi-
ronments enable teachers, trainers, and organisations to economically test job-related 
skills and abilities of individuals and groups of learners (Conole and Warburton 2005; 
The International Test Commission [ITC], 2006; Malone 2020). CBAs can be used in 
classrooms, at companies, or at home to monitor learners’ skill levels as well as their 
learning progress; they can also complement or even replace traditional exam formats 
during or at the end of apprenticeship or other vocational training (The Commission 
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on Technology and Adult Learning [CTAL] 2001). Especially when aiming at learners’ 
practical expertise and hands-on skills, CBAs are a promising alternative to direct obser-
vations of job performance. Standardised CBAs have the potential to combine tech-
nological advantages such as audio-visual aids, interactive elements, or adaptive item 
selection with automated scoring, unmatched objectivity, and high reliability of the test 
results (Kirschner et al. 2017; Williamson et al. 2006). One particular benefit that makes 
CBAs attractive is implementing innovative item types that exceed the often limited 
possibilities of traditional assessment formats (Parshall et  al. 2010). By incorporating 
realistic tasks, CBAs can be most authentic (i.e., ecologically valid), while a high degree 
of standardisation ensures good reliability and internal validity. These criteria are much 
more difficult to achieve with observational studies (Kirschner et al. 2017).

Validity and authenticity

Authentic assessment items often emulate situations similar to those of the real world 
and therefore engage students or apprentices in cognitive processes “under the same 
working conditions … as they would have had in life beyond school” (Palm 2008, p. 6). 
However, authenticity has its limits. Even the most innovative, most sophisticated test 
item is only an approximation of reality—a model that provides test users with informa-
tion that allow them to extrapolate judgements about skills which are difficult, expen-
sive, dangerous, or even impossible to assess otherwise. To fit the intended purpose of 
a CBA—or any other assessment for that matter—its authors should provide evidence 
their interpretation of the test results is both adequate and appropriate. The process of 
collecting and discussing such evidence is known as validation (American Educational 
Research Association, American Psychological Association, and National Council on 
Measurement in Education [AERA, APA, and NCME], 2014; Rupp and Pant 2006).

Messick (1987) describes validation as “an integrated evaluative judgment of the 
degree to which empirical evidence and theoretical rationales support the adequacy 
and appropriateness of inferences and actions based on test scores” (p.  1, emphasis in 
the original). There is consensus that any claim of validity needs to be justified by appro-
priate evidence from various sources (Kane 2016). According to the Standards of Edu-
cational and Psychological Testing (AERA, APA and NCME, 2014), such sources can 
be test content, response processes, internal structure, relationships with conceptually 
related constructs, relationships with criteria, and consequences of the test. While there 
are different approaches and theoretical frameworks regarding the details of validity and 
validation, there is broad agreement that at least some validity evidence must be pre-
sented for any educational and psychometric assessment—not just in scientific research, 
but also in practise where assessment results are often used to determine school admis-
sion, final degrees, or job qualifications, and therefore directly affect people’s lives and 
professional careers.

Several authors, however, have found that in practice, validation is often neglected 
or done inadequately. Gafni (2016) criticises that numerous tests used for selection 
or admission purposes lack sufficient validity evidence. Cook et  al. (2013) reviewed 
417 technology-enhanced instruments and concluded that validity evidence “is sparse 
[and] leaves much room for improvement” (p. 872). As of 2023, the situation has not 
significantly improved. Researchers in the educational sciences still rarely report any 
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validity evidence at all, or fail to make the important distinction between a test, test 
scores, and test score interpretations. In the Book of Abstracts of the 2023 EARLI 
conference, Europe’s biggest professional meeting of educational scientists, the vast 
majority of validation studies refer to a validation of “scales”, “tests”, “instruments”, 
“assessments”, “data”, “measures” etc. (European Association for Research in Learning 
and Instruction [EARLI], 2023). In only three out of 42 studies in which validation 
was carried out, the validity of test score interpretations was investigated. In most of 
the studies, evidence from a single source was used to investigate validity.

The importance of validation especially applies to CBAs, as international test stand-
ards and guidelines stress “test users should not rely solely on computer-generated 
interpretations of test results” (AERA, APA and NCME 2014, p. 144) and “advanced 
multimedia features should be used only where justified by validity” (ITC 2006, 
p. 147).

When assessments are designed to incorporate authentic tasks, one particularly 
important aspect of validity is ecological validity. Ecological validity refers to “the 
degree to which test performance predicts behaviors in real-world settings” (Gouvier 
et al. 2010, p. 399). It therefore depends on how similar the context of the assessment 
tasks is to the real-life tasks the assessment is aiming at. Even though often over-
looked or entirely neglected, ecological validity is an essential prerequisite for raising 
the acceptance of psychometrically sound test instruments amongst job professionals, 
educators, and examiners in the vocational education, training, and examination sys-
tem. Such practitioners sometimes tend to distrust evidence from mere experimen-
tal and/or lab settings that often appear artificial and constructed when compared 
to real-world situations (Kingstone et  al. 2008). With CBA, a testing mode effect is 
added to these concerns, and some argue that comparability does not hold “when 
examinees are tested in a mode different from the one in which they routinely work” 
(Bennett 2002, p. 13). The criticism boils down to questions such as:

• To what degree can clicks on a computer reflect a person’s ability to troubleshoot 
a malfunctioning car engine?

• How well do multiple-choice items measure practical skills like maintaining a 
hydraulic brake?

• Is it even possible to validly computer-simulate hands-on tasks like fixing a torn 
electrical wire with a solder connector?

Though these questions are intuitively reasonable and justified, the concept of eco-
logical validity has not been undisputed, and its practical applications have been 
criticised for lacking specificity or falling short of addressing the problem of general-
isability (Holleman et al. 2020). Furthermore, ecological validity is neither mentioned 
explicitly in the Standards of Educational and Psychological Testing (AERA, APA and 
NCME 2014) nor in the International Guidelines on Computer-Based and Internet-
Delivered Testing (ITC 2006). However, it can be subsumed under predictive validity, 
which is part of criterion-related validity (Stieler 2011). Aiming at the question of how 
well assessment results predict performance in operationally distinct real-world situ-
ations, ecological validity fits the definition of test-criterion relationships as a source 
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of validity evidence that can “be evaluated in terms of the accuracy with which a test 
score could predict or estimate the value of … an observable performance measure” 
(Rupp and Pant 2006, p. 1033).

Designing authentic assessment items using video vignettes

In the study presented in this paper, we evaluate the accuracy with which the test scores 
from a CBA predict a hands-on performance measure of automotive maintenance and 
repair skills. The CBA does not require test takers to carry out repairs, but rather to 
judge repairs presented in scripted video vignettes on a screen. Interpreting the test tak-
ers’ judgements of the videos as indicators of their hands-on skills means inferring from 
a measure of procedural knowledge about a task to the ability of performing this task 
in an operationally distinct real-world situation. This raises the question of ecological 
validity.

The target population of the CBA are automotive technicians in Germany. Automotive 
technicians (“Kfz-Mechatroniker*innen” in German) service and maintain passenger 
cars and light service vehicles. They carry out routine service tasks as well as case-spe-
cific diagnoses and repairs. The skills required to successfully perform their job “range 
from replacing simple parts to solving complex faults using diagnostics equipment” (The 
Transport Training Board 2023). With automotive technology rapidly evolving over the 
past decades, skills in electrical engineering, information technology, and high-voltage 
technology were added to the job profile of the traditional “hands-on” mechanic.

In Germany, where apprenticeship programmes are a combination of workplace learn-
ing and classroom-based learning (Rausch et  al. 2016), apprentice automotive techni-
cians must pass an exam (“Gesellenprüfung” in German) which is split into a theoretical 
(written) part and a practical (hands-on) part. The hands-on part consists of several sta-
tions where the apprentices must demonstrate their maintenance and repair skills to an 
expert judge. From a psychometric perspective, these stations resemble a performance 
assessment (cf. AREA, APA, NCME 2014, p. 77).

The rating method of one observer rating one examinee could be described as human 
scoring (Bejar et al. 2006). Due to their low level of standardisation and high logistical 
requirements, performance assessments using human scoring are very expensive and at 
the same time often associated with poor objectivity and reliability (Bejar et  al. 2006; 
Stecher and Klein 1997; Weber et  al. 2015). At each exam station, only one examiner 
rates the examinees’ performance; therefore, evaluating objectivity based on an empiri-
cal measure such as inter-rater agreement is impossible.

The COVID-19 pandemic increased the difficulties of using human examiners at the 
exams. Due to changed regulations, for example, regarding social distancing and the 
examination room requirements, but also as a consequence of rising absenteeism due to 
sick leave, the demand for examiners has increased even further (Deutscher Industrie- 
und Handelskammertag [DIHK], 2021). As result of these issues, the need for a more 
standardised, less expensive, and at least to some degree automated alternative to human 
scoring in the exams is constantly increasing. In reaction to this demand, we developed 
digital assessment tools to examine automotive technician apprentices’ hands-on per-
formance during their final exams. The first tool is a computer simulation, aiming at 
diagnostic skills with a focus on electric and electronic car systems (Gschwendtner et al. 
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2009; Norwig, et al. 2021). The second tool is a video-vignette based test, designed to 
assess skills that are more closely related to repair tasks that require “traditional” hands-
on work (Gschwendtner et al. 2017). The test uses videos of authentic and holistic tasks 
derived from core work processes in this domain (The Standing Conference of the Min-
isters of Education and Cultural Affairs of the Länder in the Federal Republic of Ger-
many [KMK], 2009; Spöttl et al. 2011).

Before these tools can be used in exams, it is imperative to investigate the validity 
of the test score interpretations that are based on the results. In accordance with the 
Standards for Educational and Psychological Testing, we conducted a series of validation 
studies, collecting and discussing evidence from various sources:

• The representativeness of both CBA instruments was ensured by a close involvement 
of professional experts to the item and test construction process. These experts are 
master craftsmen and journeymen, automotive engineers, vocational school teach-
ers, and experienced examiners.

• Test content for both tools is based on the content of real-world job tasks as well as 
journeymen’s exam stations.

• Answering options for the single-best-answer item format of our video-based assess-
ment were constructed based on the written responses given by automotive techni-
cian apprentices during a previous study, ensuring that both the correct options, as 
well as the distractors, realistically and plausibly represent common mental concepts 
of the target group (see Sadler 1998, for a comprehensive description and discussion 
of such a distractor-driven item construction approach).

• The authenticity and appropriateness of the scripted video vignettes and related sin-
gle-best-answer items were rated by experts.

• For our simulation-based assessment instrument, we carried out cognitive labs to 
explore the thinking processes during item solving (Norwig et al. 2021).

• For our video-based tool, we conducted a known-groups validation study (Hartmann 
and Gschwendtner 2021).

• The ecological validity of our simulation-based tool was investigated in multiple 
studies (Gschwendtner et al. 2017).

However, none of these measures and studies aimed at the ecological validity of 
our video-based assessment tool. Before the tool can be used in exams, the following 
research question should be answered: To what degree do measures of repair skills based 
on scripted video-vignettes validly predict hands-on performance?

Method
Video‑based assessment

The aim of this study is to investigate the ecological validity of the CBA that uses video 
vignettes to assess repair skills of automotive technician apprentices. The instrument is 
a computerised fixed test (CFT), meaning that the same test items are provided to all 
participants in a fixed order without adaptive item selection (Parshall et  al. 2002). Its 
intended purpose is to be used in the practical part of the final exams for automotive 
technicians in the German VET system, possibly complementing or replacing existing 
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hands-on exam stations. We concentrated our efforts on an item design that combines 
video vignettes with questions in a single-best-answer format. Such an item design, 
known as scripted video vignettes, has been successfully used in the past, e.g., to assess 
teachers’ subject-specific competences (Knievel et  al. 2015), to measure commercial 
knowledge and skills (Rohr-Mentele and Forster-Heinzer 2021), or to investigate patient-
provider communication in the health sector (Hillen et al. 2013).

Scripted video vignettes are “short visual depictions of pre-written (hypothetical) 
events” (Hillen et al. 2013, p. 296). In our study, the scripted video vignettes are short 
film sequences in which an actor plays an automotive technician who performs different 
repair tasks in a realistic manner. We filmed videos that depict repairs on five different 
automotive systems: electric lighting, hydraulic brakes, exhaust and catalytic converter, 
suspension and steering, and engine timing belt. The video vignettes for the five systems 
are used as a basis for five independent test blocks.

The video vignettes are between 6 s and 3:10 min in length; most of the clips are less 
than one minute long. Each of the vignettes shows a single repair step at a time. Each 
repair step consists of one or several actions, such as tightening a bolt, measuring volt-
age with a multimeter, or applying a lubricant to a surface. Some of the actions shown in 
the videos are performed correctly by the actor, while others intentionally depict errors 
and mistakes either known to be common for automotive technician apprentices or 
strongly assumed by experts who have a long record of working with such apprentices 
(Fig. 1).

Each video is followed by one or several text-based selected-response items displayed 
on the computer screen. We used a highly standardised “all possible options” (APO) item 
design (Moon et al. 2019). In every item, two short text statements—labelled Option A 
and Option B—are presented. Both statements refer to the repair actions shown in the 
video, e.g., “The technician in the video should have replaced the brake hose” or “The 

Fig. 1 One of the items used in the video-based CBA (left). After an automatic playback of the video has 
finished, the video can be played again by clicking the thumbnail at the right side of the screen. Additional 
materials such as excerpts from a repair manual are also available in the right screen section
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multimeter in the video was set to the wrong scale range.” These statements were gener-
ated using response data from a previous study in which apprentice automotive techni-
cians watched the same videos and judged the technician’s actions in the form of written 
responses. We revised and categorised their responses, then identified the most com-
mon answers, assuming these answers represent widespread concepts about the tasks 
shown in the videos. The answers, carefully revised in terms of length, spelling, and 
grammar, were then presented as options A and B to choose from. In some items, one or 
both options are correct statements, representing conceptions that reflect the knowledge 
and skills already acquired by the target group. One or both options can also be incorrect 
statements, reflecting common misconceptions. To rate whether the options are correct 
or incorrect, the participants must select one of four possibilities:

1. Only option A is correct,
2. Only option B is correct,
3. Both options are correct, or
4. Neither option is correct.

Thus, all test items consist of the same four answering categories to choose from, with 
only one correct answer (1, 2, 3, or 4).

In comparison to traditional multiple-choice items with four true or false statements, 
this format is expected to reduce reading effort and cognitive load. Distractors that rep-
resent common misconceptions are more plausible to test takers than artificially con-
structed false options. The APO format also affects test-takers’ response tendencies 
under uncertainty. By explicitly presenting the two options “both” and “neither”, test tak-
ers’ false assumptions that one of the two statements must always be correct and the 
other incorrect is significantly reduced (Moon et al. 2019).

Assuming that one can only differentiate between correct and incorrect repair actions 
if one knows how these repairs are adequately performed, the total number of correct 
responses can be interpreted as an indicator of repair-related procedural knowledge.1 
To judge the ecological validity of this test score interpretation, we compared the results 
of the video-based CBA to hands-on performance measures from stations that required 
apprentices to carry out repairs highly similar to those in the videos. Three of the 
vignette-based test blocks were used for this validation study: electric lighting, hydraulic 
brakes, and timing belt (Fig. 2).

Hands‑on performance assessment

To investigate how well the judgement of repair tasks in our scripted video-vignettes 
predicts the apprentices’ skill of performing these tasks in an actual, real-world sce-
nario, we designed a performance assessment using real cars (or car systems, respec-
tively). We acquired three cars of the same model used in our video vignettes, and 
also two engines of the same type. Furthermore, we designed two identical models 
of the car’s front lighting system, using real headlights of the same type shown in our 

1 This procedural knowledge should be closely related to the ability of practically performing these tasks; however, it is 
possible that someone knows how to do something without being able to do it by themself.
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videos. We manipulated the cars, car engines, and lighting models with mechani-
cal and electrical faults that were very similar (though not perfectly identical) to the 
faults the actor in our scripted videos attempted to repair.

For each station, we prepared a list of several repair requests, such as “Fix the bro-
ken electrical wire”, “Replace the brake pads”, or “Disassemble the timing belt from the 
engine”. Examiners were assigned to the stations to observe the participants’ repair 
actions and rate them using a highly standardised protocol. Most examiners were 
master craftsmen with a record of serving as volunteers in the annual journeymen’s 
exams. Additional examiners were scientists familiar with the project. To ensure that 
all examiners rated the examinees in the exact same manner, they were instructed in a 
training workshop prior to the study.

The standardised protocols used in the study contained an extensive list of possible 
actions related to each repair task. Some of these actions were considered appropriate 
(correct) in the context of the task, and some inappropriate (incorrect). The examin-
ers were instructed to mark each action in checkboxes labelled with “Yes” (i.e., action 
was performed by participant) and “No” (action was not performed). By simply docu-
menting which actions they observed—instead of judging the actions—the margin for 
interpretation by the examiners was reduced to a minimum.

For each repair task, there was also a free-text field on the protocol in which the 
examiners could note additional observations. Each protocol consisted of four to 
five short repair tasks, the list of applicable actions, and free-text fields. On the last 
page of each protocol, the examiners were asked to rate the participant’s overall 

Fig. 2 Layout of the repair stations used in the validation study. (Image credit: Emre Güzel | https:// creat iveco 
mmons. org/ licen ses/ by- sa/4. 0/)

https://creativecommons.org/licenses/by-sa/4.0/
https://creativecommons.org/licenses/by-sa/4.0/
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performance, competence, and level of routine using Likert-type items, and finally to 
judge the observed repair job in terms of a school grade.

In deviation from the CBA, a generous time limit of 35 min (including instructions) 
was set for each station. The limit was necessary to ensure a seamless transition between 
the exam stations for all participants and to avoid long waiting queues. The given time 
was more than sufficient to complete the repair tasks at a reasonable work pace. How-
ever, several participants did not finish in time at the timing belt station. This was to our 
surprise, as we had discussed that station with experienced examiners who informed us 
that a very similar station in the practical exams consists of two tasks instead of just 
one and is frequently solved within 30 min. According to the protocols, apprentices who 
struggled to finish in time on this station showed significant signs of uncertainty and 
reported that they were unfamiliar with the task they were asked to perform. Overall, 
the design of the stations used in this performance assessment was very similar to that of 
the stations used during the practical part of the final exams for automotive technicians 
in Germany.

Sample and procedure

The assessment took place November 2021 in the training facilities of the Chamber of 
Crafts of the Stuttgart region in southwestern Germany. Participants were determined 
by approaching vocational schools in the region. We invited entire third-year courses 
of automotive technician apprentices to participate in our study. Participation was vol-
untary both at the school level as well as the individual level. All potential participants 
were informed about the scientific nature and overall purpose of the study, the entirely 
anonymous character of data collection, and the intended use of the collected data. It 
was stressed that none of the data would be made available to third parties outside the 
scientific community, and the decision not to participate in the study or non-attendance 
would not result in any disadvantages.

To keep the effort for the participants at a reasonable level, each participant had to 
solve hands-on tasks at only two stations. Using a balanced incomplete block design, 
we assigned the same number of apprentices to each possible combination and timely 
order of two hands-on stations (lighting + brakes, brakes + lighting, timing belt + brakes, 
brakes + timing belt, timing belt + lighting, lighting + timing belt).

Each participant was summoned to attend at a pre-arranged time. On arrival, they 
were handed a personal schedule with an anonymous ID code, containing the names of 
the stations they had been assigned to as well as the times when to attend those stations. 
After they had completed the tasks at their two hands-on stations, the participants were 
sent to a computer pool where they took the vignette-based tests for the same two car 
systems they just had worked on. We decided to conduct the assessment in this succes-
sive order to prevent the participants’ hands-on performance being affected by actions 
from the videos. Because the apprentices were given no feedback on their performance 
at the hands-on stations, the risk of memory effects affecting their response tendencies 
in the CBA was minimal.

Each hands-on station and the computer pool were equipped with a station schedule 
to ensure that each participant was at the right place at the right time. Our balanced 
incomplete block design allowed for a maximum number of 120 apprentices; however, 
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not all available time slots were filled. Therefore the number of participants per station 
varied from 39 to 47 apprentices (see Table 1 for a complete overview).

Statistical analysis

For each item in the video-based CBA, correct responses were credited with a score of 1 
point (full credit) whereas incorrect responses were scored 0 points (no credit). The total 
number of correct responses reflects a test taker’s ability to correctly judge the actions 
shown in the videos, representing their procedural knowledge regarding the repair tasks 
on that car system.

To rate the examinees’ hands-on performance, each repair action necessary and appro-
priate to complete the corresponding repair task marked with a “Yes” on the protocol 
(i.e., action performed) was credited with 1 point (full credit), whereas necessary and 
appropriate actions marked with a “No” were scored 0 points (no credit). In line with the 
scoring method used in the CBA as well as in real exams, we did not use penalties (i.e., 
negative scores) for incorrect, inappropriate, or unnecessary actions. The total number 
of necessary and appropriate actions performed by the examinees reflects their ability to 
correctly carry out the repair tasks at this station.

The rating system of both instruments allows comparing the participants’ ability to 
judge repair actions in the videos with their ability to perform comparable actions in the 
hands-on assessment. The comparison is carried out at the item level as well as the level 
of total scores for each of the three car systems (lighting, brakes, timing belt).

To investigate to what degree the apprentices’ judgements of repair actions in the 
video-based assessments predict their performance of comparable actions at the hands-
on stations, we carried out an item-wise analysis first. For each item in the video-based 
test, we identified the repair action in the video vignette that a certain statement—pre-
sented as Option A or Option B in the item—refers to. We recoded the item scores 
(answers 1, 2, 3, or 4), so that a score of 1 is associated with either the agreement to a 
statement that reflects an appropriate action performed by the actor in the video, or 
with disagreement to a statement that reflects an inappropriate action. This score can 
be compared directly to the examiner’s markings on the protocols for the corresponding 
repair action at the hands-on stations. It is hypothesised that correct judgements of the 
videos correspond with correct hands-on performance, and incorrect judgements cor-
respond with incorrect performance (see Fig. 3).

To investigate how well the overall scores from each of the three video-based tests pre-
dict the overall performance at the three corresponding hands-on stations, we carried 
out correlational analyses.

Table 1 Station overview and sample sizes

Car system Number of
hands‑on repair 
tasks

Number of potential repair actions 
listed on the protocol

Number of video‑
based items

n

Electric lighting 4 23 17 47

Hydraulic brakes 5 42 18 39

Timing belt 4 42 17 40
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All statistical analyses were carried out in R version 4.0.2 (R Core Team 2020), mostly 
using the standard stats package. Package psych version 2.0.12 (Revelle 2020) was used 
for descriptive analyses. Charts were created using the packages gplot version 3.1.1 
(Warnes et al. 2022) and ggplot2 version 3.3.6 (Wickham 2016).

Results
The CBA test blocks consist of very heterogeneous item pools. Accordingly, the discrim-
ination parameters of most of the video-based items were low; some were close to zero 
or even had negative values. Cronbach’s α ranges from 0.23 to 0.50, and Guttman’s λ-6 
(which is more appropriate for tests in which the association to the underlying variable 
is varying across the items) ranges from 0.39 to 0.61.2

Predictive potential of video‑based items

Not all repair actions shown in the video vignettes were part of the tasks that had to 
be performed in the hands-on assessment, and not all actions necessary to success-
fully carry out a repair were depicted in the video vignettes. Therefore, the associa-
tion between video judgement and hands-on performance could only be evaluated at 
the item level for those repair actions from our video-based tests closely associated 
to a repair action in the hands-on assessment. We generated contingency tables, the 
general layout of which is explained in Fig.  3. The two cells marked with bold text 
indicate the hypothesised association, i.e., cases in which an apprentice’s judgement 

Fig. 3 It is hypothesised that the judgement of repair actions shown in video vignettes predicts the outcome 
of performing comparable actions in a hands-on assessment. The upper left cell and lower right cell of the 
contingency table—printed in bold—mark the hypothesised outcome. The upper right cell and lower left 
cell mark situations in which the results of the video-based test do not predict hands-on performance

2 Both parameters, α and λ-6, are indicators not of reliability per se, but of internal consistency, and it could be argued 
that this notion of reliability might be of limited use or even inappropriate for tests such as exams which cover a wide 
range of various abilities and therefore are not internally consistent by design. However, low internal consistency directly 
affects the outcome of analyses such as correlation tests, and thereby also the inferences based on such tests.
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of an action they saw in the video corresponds with their own hands-on performance. 
The other two cells contain cases in which the responses of the two instruments are 
not corresponding, meaning that an action from a video was judged correctly, but the 
test taker failed to successfully perform the action at the hands-on station, or vice 
versa: a video was not correctly judged, but the corresponding task was successfully 
performed during the hands-on assessment.

Under a perfect random distribution in which all cases are evenly distributed to the 
four cells of the table, each cell would be filled with 25% of the cases. The cases in 
the upper left cell and the lower right cell together would make up 50%. If perfor-
mance in the CBA is associated to hands-on performance beyond chance, the share of 
cases in these two cells would exceed 50%. If video judgement was a perfect predictor 
of hands-on performance, 100% of the cases would be gathered in the two cells. We 
consider a value above 70% an indicator of substantial association (see examples in 
Fig. 4).

Fig. 4 For some repair actions, video judgements predict the outcome of the corresponding hands-on 
task to a certain degree (left; degree of association = 71.1%). For other repair actions, video judgement and 
hands-on performance do not correspond beyond chance (right; degree of association = 50.0%)

Table 2 Degree of association between the judgement of repair actions in the video-based 
assessment and performance at corresponding hands-on station

Car system Number of 
corresponding 
repair actions

Degree of 
association 
> 50%

Degree of 
association 
> 70%

Lowest 
degree of 
association 
(%)

Highest degree 
of association 
(%)

Electric light-
ing

8 6 3 39.1 91.3

Hydraulic 
brakes

16 12 4 12.8 78.9

Timing belt 7 4 1 20.0 87.2
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The degree of association ranges from 12.8% to 91.3% (see Table 2). It is larger than 
50% for the majority of repair actions; however, an association larger than 70% is 
found only for 8 of 31 repair actions (see Table 2).

Predictive potential of total scores

To analyse the predictive potential of each of the video-based instruments to the appren-
tices’ practical skills, we calculated the degree of association between the total scores of 
each of the three video-based instruments and the scores of the corresponding hands-on 
stations. The relationship between these variables is of a predictive nature and therefore 
could be modelled as regression. However, the data do not meet several conditions for 
linear regression: The association of the variables is not linear (see Scatterplots in Fig. 5), 
and the residuals aren’t normally distributed, which in combination with the relatively 
small sample sizes might cause unwanted bias of the regression estimators and signifi-
cance tests. Therefore, we calculated non-parametric correlations that allow estimating 
the association between the variables under the given conditions in a more robust way.

For all three car systems, we found the total scores of the video-based tests and the 
performance measures of the corresponding hands-on stations were positively related. 
But the effects are small, and the coefficients are not significantly different from zero, 
except for the station “timing belt” (see Table 3).

Discussion
We investigated to which degree judgements of scripted video vignettes depicting 
automotive repairs can be used to predict automotive technician apprentices’ ability 
to successfully perform similar repair tasks in a realistic scenario. The results of three 
computer-based tests using video vignettes were compared with the repair performance 
at three hands-on stations. It was hypothesised that correct judgements of repair videos 
reflect procedural knowledge of the tasks shown in these videos, and that this procedural 
knowledge would be a strong predictor of successful repairs in a real-world scenario.

Analyses were carried out on an item basis as well as total score basis. At the item 
level, the hypothesis was supported only for a very limited number of repair actions. 
A substantial degree of association was found for 8 of 31 item pairs (video vs. hands-
on). At the level of the total scores per test, the correlations were small, and a signifi-
cant effect was found only for one of the three car systems (“timing belt”). These findings 
indicate that the test scores from the three video-based assessments used in this study 
are not an ecologically valid predictor of the skills necessary to successfully carry out the 
repair tasks at the three corresponding hands-on stations. However, the results of the 
item-based analyses indicate that some of the video-based items were good predictors of 
hands-on-performance, matching the outcome of the practical tasks up to 91.3%.

As possible causes for the small overall effects and inconsistent results at the item level 
we discuss:

• The item content,
• Potential testing mode effects,
• Potentially confounding covariates,
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• Testing time,
• Memory effects,
• Reliability issues, and
• The validity of the hands-on tasks.

First, to lower the risk of learning effects between the video assessment and hands-
on assessment, we did not re-create the repair tasks from our video vignettes in every 
detail for the hands-on stations. Instead, we developed hands-on tasks that were 
highly similar and, from an analytical point of view, most likely required the same set 
of skills to succeed. For example, the participants had to find an electric component in 
a circuit diagram based on the colours of the connecting wires. The same circuit dia-
gram was used both in the video test and at the hands-on station, but different com-
ponents and different wire colours were used for the tasks. It is possible—although 
unlikely—that such differences were crucial for success, therefore causing different 
outcomes in the video-based and hands-on assessments.

Another potential explanation is the testing mode effect (Bennett et al. 2008; Clari-
ana & Wallace 2002) which states that even the same contents and materials used for 
assessment might produce different results when presented in different modes. Test-
ing mode effects are sometimes (but not always and not consistently) present when 
the same test items are presented on paper vs. on a computer screen. In our study the 
video-based assessments were presented on computers and the hands-on assessments 
were presented as real-world repair tasks that had to be carried out on real cars or 
car systems. In the video-based assessment, basic computer skills were necessary to 
solve the items. At the hands-on stations, examinees had to work with real tools, add-
ing haptic and motor skills to the tasks. It is therefore likely that a testing mode effect 
affects the way in which video judgements and hands-on repairs correlate. Further-
more, there is logical difference between judging an action and performing the same 
action. Procedural knowledge is a necessary condition to perform an action, but often 
not sufficient to do so.

Another difference between the two assessment formats emerges from the actions 
shown in the videos. Several actions performed by the actor show the correct way of car-
rying out a repair; therefore, during a video it might occur to apprentices that what they 
see is more adequate than the course of action they had previously chosen at the hands-
on station. In such a situation, an incorrectly performed hands-on repair action would 
be accompanied by a correct answer to a video-based item.

Table 3 Non-parametric correlations between the results of the video-based assessments and the 
performance at the corresponding hands-on stations

Car system n Kendall’s τ pone‑sided

Electric lighting 47 0.14 0.108

Hydraulic brakes 39 0.08 0.245

Timing belt 40 0.29 0.006
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The third explanation for the inconsistent findings and low correlations are poten-
tially confounding variables. For example, reading abilities are known to play a signifi-
cant role in assessments using text-based test items (Hartmann 2013). Our video-based 
assessment used text-based items after each video, requiring the participants to read and 
understand two short statements to judge the actions they just saw in the video. The 
repair tasks at the hands-on stations required little to no reading abilities, as the repair 
requests and other instructions were read out loud to the apprentices by the examin-
ers. The only written materials they had to use were circuit diagrams and excerpts from 
repair manuals that contained information such as torque values. Again, however, the 
results do not support the assumption that reading abilities are accountable for the 
inconsistent findings.

At the ‘timing belt’ hands-on station, the limitation of testing time has potentially 
contributed to the low correlation of the total scores with those of the video-based test 
(which had no time limit). Several participants struggled with that station and did not 
finish the station in time. If the video-based test is used in a real exam, it should have the 
same time limit as the hands-on station.

Another potential reason for low correlations at the item level are memory effects. 
Even though there were no indications during the study, it is theoretically possible that 
failing to perform a certain task on a real car activates prior knowledge about that task. 
This prior knowledge might later help the examinee to find the correct answer to a cor-
responding item in the computer-based test.

The low correlations of the total scores and the inconsistent results at the item level 
are, of course, related to each other. If all video-based items were good predictors of the 
corresponding hands-on performance, the correlations at the scale level would be high 
as well. The large differences between the item results lead directly to the question of 
how well these items differentiate between individuals, and therefore, how reliable the 
scales built on those items are. The findings on internal consistency shed some light on 
this question. As one would expect for a test based on a highly heterogenous item pool, 
the item-total correlation parameters of the items and the internal consistency of the 
scales are not very high. To improve the internal consistency of the test, items with poor 
discrimination could be subsequently removed; however, this would in return signifi-
cantly affect the test’s ecological validity. If a video-based assessment holistically repre-
sents a typical car repair task, e.g., replacing the pads and disks of a car’s brake, what 
would the test represent if the removal of the disk or the re-attachment of the brake cal-
liper were removed from the test?

Finally, the ecological validity of the video-based assessment could be in perfect 
order, and the low and inconsistent association of the test scores to the outcomes of the 
repair tasks could be entirely the result of a low validity of the hands-on tasks used in 
this study. Indeed, little is known about the psychometric quality of hands-on exam sta-
tions. Though we used a highly standardised rating system, our system was still based 
on human examiners, and therefore is susceptible to individual decisions. Because the 
hands-on stations resembled real-world exam stations in many respects and suffered 
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from the same problems of finding volunteers to work as examiners, it was impossible to 
assign two examiners to each station and calculating inter-rater agreement to assess the 
objectivity of the protocols.

Without substantial knowledge about the psychometric properties of the test scores 
that were used as a criterion in this study, it is difficult to conclude which of the instru-
ments is accountable for the low correlations: the video-based test, the hands-on sta-
tions, or both.

Relation to other validity evidence

It is noteworthy that validation is a process rather than the investigation of evidence 
from a single source (AERA, APA, NCME 2014). In our project, we honour that def-
inition by continuing the collection of validity evidence from various sources, and by 
combining the findings to develop a comprehensive validation framework. It is part of 
this process to re-evaluate evidence from previous investigations of validity, and to set it 
into relation with the findings of this study. In a known-groups validation study carried 
out in 2021, we compared the test scores of automotive technician apprentices who pro-
cessed our video-based instrument with the scores of apprentice electronics technicians 
(Hartmann and Gschwendtner 2021). The vehicle group outperformed the electron-
ics group; significant medium to large group differences were found for all car systems 
investigated in the study. These findings indicate the skills required to correctly judge 
the repair tasks in the video vignettes are not of a general technical nature but related to 
the content domain of automotive engineering. The effect sizes varied between the tests 
(electric lighting: d = 1.11; hydraulic brake: d = 0.61; timing belt: d = 1.07). These differ-
ences somewhat resemble the differences found in the correlation analysis presented in 
this paper, where the smallest effect was also found for the test that uses videos showing 
repairs to the hydraulic brake.

Further validity evidence can be drawn from a 2022 field study in which the “tim-
ing belt” vignette test was used in a real final exam (“Gesellenprüfung”, N = 156 exam-
inees). The video-based test was complemented by a hands-on exam station in which 
the apprentices had to perform maintenance work on an engine’s timing chain. From 
a technical perspective, both systems are similar in their parts and function. However, 
the hands-on station used in our validation study—requiring working on the exact 
same engine type that is shown in the video vignettes—resembled the video-based test 
much more closely than the station used in the real exam. To our surprise, the corre-
lation of our timing belt video test with the timing chain exam station was nominally 
higher (τ = 0.41; pone-sided < 0.001) than the correlation we found in our validation study 
(τ = 0.29; pone-sided < 0.006). This leads to the question of how motivated the participants 
of our validation study were. Most examinees appeared motivated; however, knowing 
that their performance was of no consequence to their school grades, and that no results 
would be made available to their teachers due to the anonymous character of the study, 
it is possible that they did not work as focused and as motivated as they would in their 
final exams.



Page 18 of 21Hartmann et al. Empirical Res Voc Ed Train           (2023) 15:15 

Conclusions
It was the aim of this paper to evaluate and discuss validity evidence for a CBA that was 
designed as a complement of the practical part of the final exams for automotive techni-
cian apprentices in the German VET system. The focus of this study was on ecological 
validity, which can be subsumed under the concept of criterion-based validity.

Mixed conclusions can be drawn from the findings of this study. On one hand, our 
results prove that it is generally possible to design video-based items that predict the 
hands-on performance of technicians who carry out automotive maintenance and 
repair tasks. This finding is encouraging for the development of future CBAs that focus 
on hands-on skills. On the other hand, a good ecological validity was found only for a 
minority of the video-based items used in this study, and overall, the predictive poten-
tial of the three video-based instruments we investigated did not meet our expectations. 
Surprisingly, a better predictive potential was found when the same tool was put to prac-
tical use at a real journeyman’s exam station.

From a test developer’s perspective, the findings underline the importance of extensive 
validation. As Cook et al. (2013) and Gafni (2016) pointed out, many tests used in the 
VET sector lack sufficient validity evidence. Only if validity is systematically investigated 
by using evidence from various sources, can limitations in the appropriateness of test 
score interpretations such as those found in this study be uncovered and consequently 
eliminated. To achieve this, researchers must study the underlying causes for limited 
validity in future studies.

From a test user’s perspective, this is especially important for exams, as the results 
have far-reaching consequences for the people tested.

A problem that emerged during the discussion of our findings is very limited research 
on the objectivity, reliability, and validity of the traditional assessment formats used in 
practical exams today is available. The almost complete lack of evidence about the psy-
chometric properties of hands-on tests with human scoring inevitably leads to another 
question: How reliable and valid are computer-based assessments that perfectly resemble 
traditional exams if the measurement precision and appropriateness of those exams are 
unknown? At the worst, the use of tests with high ecological validity could result in one 
imprecise instrument replacing another. To improve job-related tests and exams, stand-
ards of educational testing must be applied to exams of any format, and they also must 
be communicated to and discussed with practitioners and decision takers throughout 
the vocational education, training, and assessment world.
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