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Abstract

Background: There has been much interest in the notion of vocational competencies
of late. The pressing question, however, is how to measure vocational competencies. In
order to contribute to this ‘how’, the results of the Civil Engineering strand of the
recent Assessment of Higher Education Learning Outcomes (AHELO) Feasibility Study
are discussed. The focus of the assessment instrument was explicitly on “above
content” areas of the domain, and the assessment framework provides an example of a
construct which articulates certain domain-specific competence components. This
paper draws specific attention the Constructed Response Tasks (CRTs) in the instrument
and discusses the results of the study with a focus on the lessons to be learnt from
AHELO for future practice.

Methods: The assessment framework for the Civil Engineering strand was developed in
line with the worldwide move to increase focus onto graduate competencies. The CRTs
aimed to engage students with interesting, real-world problems. The tasks were geared
towards finding out whether students could think like an engineer and display the
non-technical competencies required of practicing engineers. Some items and the
scoring rubrics are examined.

Results: In the Civil Engineering strand, 9 countries participated comprising 92
universities and 6,078 students. Content and construct validity were arguably achieved,
as was reasonable reliability and good inter-rater scorer reliability. Overall, the cohort of
engineering students worldwide found the tasks too difficult. Surprisingly, there was a
large proportion of “zero” scores for the CRTs. It seems that either many final year
engineering students are lacking in many of the vocational competencies
required of them as they enter the workforce, or the experts and test developers had
unrealistic expectations of them. It is difficult to ascertain whether the items were truly
too difficult or if there were motivational and/or test targeting issues at play, especially
due to the low-stakes nature of the implementation.

Conclusions: As the AHELO study shows, this type of undertaking is significantly
complex. There is much room for improvement for future large-scale competency
based assessments of this kind. In designing future work for measuring vocational
competencies, lessons learnt from AHELO should be duly considered.
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Background
The measurement of vocational competencies

There has been a great deal of interest in the notion of measuring vocational compe-

tencies of late. This trend has been driven mainly by the distinct lack of reliable data

on the quality of graduates in Higher Education (HE), in contrast to the well-

established large-scale international assessment programs at the school level (such as

the Programme for International Student Assessment (PISA) and the Trends in Inter-

national Mathematics and Science Study (TIMMS)). The gap in an evidence base at

this level has prevailed partly due to the fact that the higher education landscape is re-

plete with a diversity of programs and contexts. This makes the assessment and indeed,

measurement of competencies in this sector challenging, and the likely success of un-

dertakings to do so, questionable.

The practice of assessing (and conceptualizing) vocational competencies has garnered

further support thanks to the momentum gathered by an initiative funded by the German

Federal Ministry for Educational and Research (BMBF). The research program “Modelling

and measuring competences in Higher Education” (KoKoHS) was launched in late 2010

and directs much needed attention to this field of research (Blömeke et al. 2013). Al-

though KoKoHS is concerned with the assessment of academic and scientific competen-

cies, its momentum has directed attention to issues concerning vocational assessment

approaches.

The pressing question, however, is how to go about measuring vocational competen-

cies. At the school level, many international projects are designed and developed ac-

cording to tried and tested procedures, which are followed to ensure validity and

reliability in assessment. And yet, a recent study by Winther and Klotz (2013) showed

that the reliability of current assessment practices in Vocational Education and Train-

ing (VET) economic domains were seriously lacking. Applying Item Response Theory

(IRT) Scaling to 1,768 final examinations, they found that most often,

the assessment entails not the intended, process-oriented structure but rather a frac-

tured, subject-specific, content structure. This content-related structure model reflects

a previous, officially abolished teaching structure and curriculum, which makes it quite

surprising that this conceptualization still dominates the test. The instrument may be

partially valid for assessing subject-specific content—that is, the expertise of a student

in several subjects—but it cannot capture true action competence (2013, 9).

Two of the five proposals offered by Winther and Klotz to improve instruments in

their domain of inquiry seem particularly generalizable and useful when conceptualiz-

ing an assessment of competence in the VET or HE sectors. They propose: (i) “Offering

adequately authentic and complex test situations, such that the process-oriented, situ-

ated item setting aims to model real-life, authentic situations” and (ii) “Adopting a

competence model that better depicts the development of competence through the

learning process, moving from general competences (domain-related) to more specific

competence components (domain-specific)” (2013, 10).

Moving away from content-based assessment to process-based tasks is the most

straightforward means of moving towards the assessment of competence rather than of

knowledge. In VET contexts, the most valid and reliable means of determined whether
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a student has attained a desired competency would presumably be achieved by actually

observing the student completing a technical task (such as welding) in an authentic

scenario and evaluating the quality of the work they have done. However, in the context

of international generalizable assessment, implementing such a program of assessment

would be improbable to say the least.

However, process-based assessments where students are given the opportunity to dem-

onstrate that they can apply their knowledge in real-world scenarios offers some middle

ground for consideration between content-based tasks and actually demonstrating a

learned skill. The two suggestions given by Winther and Klotz are at the core of what the

OECD’s Assessment of Higher Education Learning Outcomes (AHELO) Feasibility Study

set out to achieve in the field of Civil Engineering. The AHELO Engineering framework

articulates the concept of competence in terms of “Engineering Proficiency” (OECD

2012a). This construct is defined and ways of measuring it are offered with a focus on a

process-based measurement instrument, coupled with a smaller proportion of content-

based tasks to establish basic scientific grounding in the discipline.
The relevance of AHELO

This paper discusses the results of the Civil Engineering strand of the recent Assess-

ment of Higher Education Learning Outcomes (AHELO) Feasibility Study, commis-

sioned and completed by the Organization for Economic Co-operation and

Development (OECD). This study was unique in scope and intent; the first of its kind

to design and develop a robust approach for measuring learning outcomes of graduates

worldwide. The aim being to achieve a valid and reliable means for measuring compe-

tencies across the diversity of cultures, contexts, languages, institutions and programs.

AHELO is an interesting case study, particularly in the context of thinking about the

measuring vocational competencies in an international setting.

The focus of the AHELO Civil Engineering assessment instrument was explicitly on the

“above content” areas of the domain, and the assessment framework articulates certain

domain-specific competence components. “Above content” means focusing on the ability

of students to extrapolate from what they have learned and apply acquired competencies in

new and unfamiliar contexts. The move to focus on an assessment pitched ‘above content’

stemmed from the concern that making comparisons across institutions, countries and

contexts would be difficult with so many discipline related idiosyncrasies across the globe.

The instrument was developed with a strict mapping to the above content compo-

nents and the items exemplify a way of measuring domain-specific competencies that

are process-oriented, in authentic scenarios and contexts, all the while maintaining

rigorous quality assurance processes and a focus on validity and reliability in assess-

ment. This paper will specifically draw attention the Constructed Response Tasks

(CRTs) in the engineering instrument. The CRTs were a module of assessment, which

introduced an authentic context with a variety of stimulus information. Approximately

6–8 items followed, drawing on the context and building on different competencies

with differing levels of sophistication. They were ‘constructed-response’ in the sense

that candidates had to write detailed responses rather than select multiple-choice type

single best answers. The paper then discusses the results of the study with a focus on

the lessons to be learnt from the AHELO for future practice.
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Although the study was initially referred to as a “PISA for Higher Education” (Tremblay

et al. 2012, 56), the internationalizability of the processes and procedures of such an

undertaking in a Higher Education setting remained the central focus of the research.

There were many rationales for the study, which have been detailed elsewhere (Coates

and Richardson 2011; OECD 2009; OECD 2010a; OECD 2010b). The main issue in the

AHELO project was the notion of feasibility. Specifically, the project asked whether it is

scientifically possible to produce, and feasible to implement, valid and reliable cross-

linguistic, cross-cultural and cross-institutional comparisons of HE learning outcomes. All

decisions on domains, frameworks, instruments, implementation, analysis and reporting

were guided by this overarching ethos.

Although AHELO was administered and deployed in the HE sector, its relevance and

connection with aspects of VET should not be forgotten. The lines between VET and

Higher Education have become increasingly blurred. This is true especially of disci-

plines such as engineering, where there are divergent pathways to similar careers. In

Australia, for instance, a civil engineer usually arrives in the professional through a uni-

versity pathway, although increasingly, there are ways into the discipline from VET pro-

grams. Indeed, the more technical aspects of Civil Engineering typically require a great

deal of practical, hands-on training. The question: “what can civil engineers do as they

are prepared to enter the workforce?”, is a question that is relevant to both the VET

and HE sectors internationally. The lessons from the AHELO experience are therefore

not only relevant to VET, but should inform future work in the area of measuring voca-

tional competencies.
Methods
Design of the AHELO Feasibility Study

AHELO was a worldwide collaborative effort, with 17 countries (or more accurately,

‘systems’, as some were smaller provinces or regions of countries) participating in the

development and validation of assessments from the three strands: Generic Skills, Eco-

nomics and Civil Engineering. The design of the study was an iterative processes and

involved much consultation and engagement with experts, governments, higher educa-

tion bodies and institutions from across the globe. A contextual instrument was also

developed, and administered in all three strands. This allowed rich contextual data to

be analysed with the results and disseminated to participating institutions. The focus

was on final year bachelor degree students, and the aim was to assess their capacity to

apply their skills and knowledge to authentic, real-world problems associated with their

specific discipline. Thus, the research question is whether it is possible to measure

competencies relating to the practical work of a civil engineer at the end of higher edu-

cation studies.

The feasibility study was commissioned and overseen by the OECD, after being con-

ceived in 2007. The overall structure and strategy of AHELO, and how the Civil Engin-

eering domain is embedded in the whole AHELO approach is detailed elsewhere

(Tremblay et al. 2012). The operational work was undertaken by an international con-

sortium, led by the Australian Council for Educational Research (ACER). A qualitative

testing phase (Phase 1) ran from 2010 to 2011, and a larger-scale implementation with

quantitative testing (Phase 2) ran from 2011 to 2012. (See Tremblay et al. 2012; OECD
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2013a; OECD 2013b). The notion of value-added measurement was not part of Phase 1

or 2 operations, but has gained traction in the review of the feasibility study and is

likely to play a part if an AHELO main study goes ahead (Braun 2013).

Civil Engineering was deemed to be a good domain for AHELO, being a scientific

and professional discipline which enough commonality across cultures and contexts to

assess the feasibility of the undertaking. Increasingly, civil engineers are expected to be

able to transfer their skills across continents. Although the specifics of local environ-

ments, practical constraints and professional codes may vary across contexts, the basics

of engineering sciences are fairly homogenized. And even is specific engineering codes

differ across borders, the science underpinning the codes does not. In terms of generic

skills for engineers, engineering education covers a broad range of competencies such

as effective communication, good team-work, ethical and professional conduct, and so

on. (Bons and McLay 2003; Walther et al. 2005; Gill et al. 2005).

Civil Engineering Assessment Framework

Following a common trend in engineering education, the assessment framework for the

Civil Engineering strand was developed in line with the worldwide move to increase

focus onto graduates’ capacity to communicate effectively, to display ethical under-

standing and exercise professional judgement in authentic real-world type problems

(Boles et al. 2006; West and Raper 2003). Engineering curricula across the globe are

often articulated now in terms of learning outcomes and acquired competencies, as na-

tional engineering accreditors often require institutions to design and articulate their

program outcomes in this way. Further, much international work has been done to date

which finds significant commonality across borders between the articulation of engin-

eering competencies. (Washington Accord 2013; European Network for Accreditation

of Engineering Education (ENAEE) 2008; USA Accreditation Board for Engineering

and Technology, ABET 2009; Engineers Australia (EA) 2011; UK Quality Assurance

Agency (QAA) 2010; and EU Tuning Process (Tuning Project 2004)).

The AHELO Engineering Assessment Framework was developed through an iterative

and collaborative process (OECD 2012a). It was guided by research, consultation with

educators and industry, and other accreditation documentation. It was informed by the

practice and processes of the Tuning process, and based initially on the AHELO-

Tuning document (OECD 2009), the Tertiary Engineering Capability Assessment Con-

cept Design (Coates and Radloff 2008) and several symposia. A provisional framework,

which reflected international consensus regarding key competencies, was finalized and

delivered to the OECD in May 2012.

By considering substantive, technical and practical considerations for the develop-

ment of an assessment instrument to measure engineering student’s competencies, the

framework defines the domain to be tested. The overarching construct to be measured

is Civil Engineering “proficiency”, which is defined as the

… demonstrated capacity to solve problems by applying basic engineering and

scientific principles, engineering processes and generic skills. It includes the

willingness to engage with such problems in order to improve the quality of life,

address social needs, and improve the competitiveness and commercial success of

society (OECD 2012a, 5).
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Civil Engineering proficiency for final-year bachelor students is further broken down,

and defined as the demonstrated capacity to solve problems by applying (i) analysis

using basic engineering and scientific principles, (ii) engineering design and (iii) engin-

eering practice skills. The skills are supported by generic skills which are assessed

through the generic skills component of AHELO. Figure 1 (OECD 2012a) illustrates

the key components of the Assessment Framework.

The schematic of the framework allowed items to be developed in accordance with

specific proficiencies articulated under the different branches. A mapping between

items and competencies ensured that the instrument could be designed to measure dis-

tinct aspects of engineering competence. Each component of the framework as

depicted in Figure 1 was further broken down into more detailed domain specific com-

petence components. There are two competencies under Engineering Generic Skills,

seven competencies under Basic and Engineering Sciences, six competencies under En-

gineering Analysis, two competencies under Engineering Design, and six competencies

under Engineering Practice.

Although the competencies are domain specific, they remain necessarily generic in a

sense. This is perhaps due to the fact that the competencies needed to encompass Civil

Engineering aspects from across the globe. Nevertheless, each competency can be

grounded in a specific case or scenario. To explain further, Engineering Practice (iv) is

“The ability to demonstrate understanding of the non-technical implications of engin-

eering practice and commitment to professional ethics, responsibilities and norms of

engineering practice”. No specific non-technical aspects or ethical codes are mentioned,

but it is assumed that given enough information an engineering graduate should be

able to demonstrate appropriate awareness of these issues. For instance, in CRT16 stu-

dents are asked to consider a scenario in which results of a geotechnical analyses
Basic/Engineering Sciences  

Practice

Engineering  Processes

Analysis Design

Non engineering

Generic  Skills

Engineering

Problem  Context

ITEM SITUATION

COMPETENCE

Branch specific

General

Branch specific

General

Figure 1 AHELO engineering assessment framework: key components. (OECD 2012a).
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indicate that there is serious slope failure risk, but with low probability of occurrence,

before constructing a dam to be built above a village. The student must discuss two as-

pects of engineering practice that favour re-designing the dam, even if this will incur

greater cost (for the full item and scoring rubrics, See Tremblay et al. 2012, 261–263).

Another example is Engineering Analysis (iii): “The ability to select and apply rele-

vant analytic and modelling methods”; even with no specific methods articulated, a

graduate should be able to apply relevant methods in an authentic and unfamiliar con-

text, again, given enough contextual information. This allows for specific scenarios or

cases which map to these competencies to be introduced in a CRT. Designing the

framework in this way emphasized that engineering problems occur in a diverse array

of contexts. The next step was to design a sample of engaging contexts for items to as-

sess the acquisition of the constituent components of engineering competency.
The tasks

The development of the engineering instrument has been discussed extensively by the

OECD (2011b); Hadgraft et al. (2012); Tremblay et al. (2012) and Pearce (forthcoming).

Here, the focus is on the tasks themselves. The Phase 2 assessment instrument was set at

90 minutes in length. Each student as take 25 Multiple Choice Questions (MQCs) which

mapped to the Basic and Engineering Sciences component of the framework, and one

Constructed Response Task (CRT), which mapped to the components under Engineering

Processes. The CRTs introduced an authentic Civil Engineering scenario or context, and

presented students with a set of information, followed by a set of items. As reporting was

not designed to occur at the student level (only institutional and system level), 30 MCQs

and 3 CRTs were administered to students through a rotated test design.

The MCQs were a fast and efficient way of collective data, and did not require hu-

man scoring. The CRTs are of more interest, as they arguably pushed the boundaries of

competency assessment much further than the MCQs. The CRTs aimed to engage stu-

dents with interesting real-world problems and issues that arise in the discipline. The

items were geared towards finding out whether students could think like an engineer,

perform appropriate tasks, and display the non-technical competencies required of

practising engineers.

An example CRT is given in Tremblay et al. (2012, 252–264). This CRT begins with

a presentation about the Hoover Dam in the U.S.A. Original construction plans are

given, along with plans for the hydroelectric power station. The four items that follow

ask students to identify aspects of the site that make it suitable for hydroelectric power

generation; discuss design features that contribute to the dam’s structural strength and

stability; calculate the amount of water flowing through the turbines with given param-

eters; and explain environmental effects of the dam that an engineer would need to

consider.

More stimulus information is then given, showing the disused Vajont Dam in Italy.

Students are shown images relating to a landslide that occurred in 1963 which resulted

in the death of around 2000 people in the valley below. The three items that follow ask

students to explain geo-technical assessments that would have been done before the

dam was constructed; ask them given reasons related to engineering practice support-

ing a possible decision made by an engineering team to redesign the dam (even at
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greater cost) if they could reduce the risk of failure; and to outline town planning mea-

sures an engineer could have suggested to minimize risk to people.

The items which stem from the illustrative CRT above seems to meet the criteria

given by Winther and Klotz, particularly in presenting students with an adequately au-

thentic and complex test situation which is process-oriented. No strong technical

knowledge is assumed and anything that an engineering graduate would have at hand

to work through the items is effectively given. The goal is for the tasks to show minimal

bias for different sub-groups in different countries. This is achieved by having all the

tasks designed to see whether students can adapt to an authentic scenario and think

like an engineer, when given enough background context. Further, the context sur-

rounding dams is sufficiently generic for Civil Engineering that no one country is likely

to have a greater predilection for such an emphasis in their curriculum.

As the CRTs required human scoring, rigorous scoring processes were designed along

with detailed scoring rubrics. In developing the scoring processes around the AHELO

engineering assessment, issues of inter-rater and intra-rater reliability were integral to

ensuring the quality of scoring. More information relating to the scoring design and

processes is given by Pearce (forthcoming) and OECD (2011c). Importantly, the Civil

Engineering scoring guide could not anticipate all possible responses from students for

each item in the CRTs. Thus, the aim was to define the different avenues for receiving

score points, and to give example responses which were exemplary, along with ones

which while not as eloquent, yet provided sufficient information to receive the score

points.

To look at the rubrics in more detail, CRT17 is now briefly presented. The task asks:

“After construction of the Vajont Dam, and recognising the possibility of hillside failure,

outline two planning measures an engineer could have suggested to minimise potential

harm to people.” (Tremblay et al. 2012, 263). Although only two planning measures as

requested, the scoring guide presents seven possible ways that the students could re-

ceive the two score points. This initiative accounted for the cross-cultural concern that

different students in different countries would think differently about how to approach

the item. The cross-cultural aspects emerged when thinking about these planning mea-

sures throughout the iterative process of scoring design. In one country, the norm

would be to set up sophisticated evacuation procedures. However, in another country,

relocating the entire town was seen as the best response. The construct did not demar-

cate which option was best, as long as two planning measures were given, as this dem-

onstrated the student’s capacity to apply acquired competencies in a manner deemed

‘above content’.

The final seven categories for CRT17 are: (a) Evacuation procedures; (b) Town plan-

ning; (c) Town evacuation; (d) Monitoring; (e) Operation; (f ) Communication plan

(public education) regarding the risks; and (g) Strengthening/reinforcement of the dam

wall and/or hillside. Scoring teams in the participating countries, guided by a lead

scorer, underwent scorer training to ensure that they were applying the rubrics cor-

rectly and consistently (Pearce forthcoming; OECD 2011c). Each of the seven categories

in CRT17 included a description of what the student response had to “capture” to be a

sufficient response, and then gave example responses that did this. Scoring teams were

also given a larger training module which included more example responses that had

pre-assigned scores.
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For (a) Evacuation procedures, the description is: “Refers generally to the implemen-

tation of evacuation procedures/warning system (can include communication of these

procedures)”. An example student response which satisfies this is given: “Implement a

warning system, whereby increased geological movement could trigger an evacuation

alarm so that the town is warned of the possible disaster. Such warning is commonplace

for large earth and rock-fill dams for instance.” For (e) Operation, the description is: “Re-

fers generally to changing the utilisation (operation) of the dam (including abandoning/

dismantling the dam)”. One of the example student responses satisfying this is given: “Im-

plement a system whereby the dam capacity is reduced prior to the wet season (the likely

period of failure)”. (Tremblay et al. 2012, 264). A broad range of responses were therefore

permissible under this design.
Implementation

The five countries that participated in Phase 1 expanded to nine ‘systems’ for Phase 2.

These were: Australia, Canada (Ontario province only), Japan, Colombia, the Slovak Re-

public, United Arab Emirates (Abu Dhabi only), Egypt, Mexico and the Russian Federation.

Participating systems were involved in the revision of the source version through feedback

given by National Project Managers (NPMs) and domain specific experts. At this stage,

minor modifications or ‘enhancements’ were made to the source version of the test instru-

ment at this stage (particularly the scoring rubrics, to ensure completeness). The source

version was subjected to a rigorous translation and adaptation process for all languages of

implementation (English, Japanese, Spanish, Slovak, Arabic and Russian) (OECD 2011b;

Pearce forthcoming).

Finally, the translated instrument was prepared for delivery through an online testing

platform. This system was purpose built and took many months to perfect. It was able

to handle all the alphabets of testing, and was required to operate seamlessly and se-

curely. Candidates were given individual logins under invigilation, and undertook the

assessment in lecture theatres or computer laboratories at designated times. Their re-

sponses were securely hosted in an external data servers, and their test login was close

down once they had completed the test. Their responses were then collected and ready

for scoring by the scoring teams.
Results and discussion
17 systems took part in the entire AHELO Feasibility Study, along with 248 Higher

Education Institutions (HEIs) and approximately 23,000 students. In the Civil Engineer-

ing strand, 9 systems participated along with 92 HEIs and 6,078 students.
Validity and Reliability

Prior to analysing the data for the Civil Engineering strand, items that did not meet psy-

chometric standards were deleted in accordance with standard practice (OECD 2012b).

After calibration by Rasch modeling (Rasch 1960) and other traditional item analysis

methods (including goodness-of-fit, item facility, item discrimination, point-biserial corre-

lations, item characteristic curves, and differential item functioning) several items were

removed from the analysis due to exhibiting bias. This is further elaborated in OECD

2013a. Of the 30 MCQs and 3 CRTs (comprising 6 to 8 items), between two and eleven
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items were removed from different systems. However, most of these were MCQ items

(OECD 2013a, 17).

Exploratory and confirmatory factor analyses, along with result of analyses of fit sta-

tistics indicated that the MCQs and CRTs in the engineering instrument scale well onto

the one-dimensional model, implying that the instrument was successful in measuring

a common construct of ‘Engineering Proficiency’ (OECD 2013a, 23). It became clear

that due to practical constraints (90 minutes of testing, etc.), and the breadth of the

construct for measuring engineering competencies across the categories (Basic and En-

gineering Sciences, Engineering Analysis, Engineering Design, Engineering Practice and

Engineering Generic Skills), more research would be required to uncover whether the

construct could be reported according to these demarcations. As more than one com-

petence dimension is assumed in the framework, it is disappointing that the validity of

the construct could not be explored further. The main reason for this was that the

focus of AHELO was to see whether the entire project was feasibility―an AHELO

main study should place more attention on aspects such as validating dimensions of

the framework.

Nevertheless, indicative psychometric analysis indicated that it would be possible to

report according to these subsidiary sub-scales (OECD 2013a, 24). Given the con-

straints of the project (especially the overarching focus on feasibility), the number of

items across the competencies were insufficient to run a detailed analysis of this feature

of the construct. However, this highlights scope for future work in improving the con-

struct validity of the Civil Engineering strand.

Content validity of the instrument was achieved through expert consensus in the it-

erative development of the design and development of the Engineering Assessment

Framework, the instrument itself, and the comprehensive design and deployment of

the scoring guide. Further content validity was gained through the positive student

feedback. With the CRTs in particular, more than half of the students agreed, or

strongly agreed, that the CRT tasks covered topics relevant to their programs. They

also found the tasks “challenging, interesting, clear and comprehensive”, and “very

much related to the real world” (OECD 2013a, 24). It is true that these indicators are

measures of acceptance, rather than scientific data validating the construct. Again, con-

struct validation should play an integral part of future AHELO incarnations as there is

indeed ‘scope for further improving the construct validity of all three instruments’ in

AHELO (OECD 2013a, 24).

It is important to note that there was no large-scale trialling of the AHELO items. In

a project such as PISA, the items would have been extensively field trialled prior to the

instantiation of a main study. As AHELO was in a feasibility phase, no large-scale trial-

ling was possible. Only small-scale qualitative data was gained in Phase 1. Thus, Phase

2 can be seen as a field trial of the items prior to final calibration of item statistics.

Keeping this in mind, the final reliability of the instrument, with plausible values, was

reported as 0.75 (OECD 2013a, 27). Although this falls below the recommended tech-

nical standards, it is comparable with other large-scale assessments of this kind and is

remarkable considering that comprehensive psychometric data on the items was un-

available prior to Phase 2 testing.

Inter-rater scorer reliability for the CRTs in the engineering strand show that the per-

centage absolute agreement statistic sits around 80%, which is considered “fair to good”
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(OECD 2013a, 28). A cross-country analysis of inter-scorer reliability was conducted,

but the results must be “considered with caution” due to the limited amount of data.

Due to this constraint, this data was not reported. Nevertheless, this study indicated

that “it is feasible to score constructed-responses in a reliable way across countries,

given then conditions such as the scoring rubric clarity, appropriate training and on-

going monitoring of reliability, are all put in place.” (OECD 2013a, 29).
Item Difficulty and Targeting

As a whole, the cohort of engineering students worldwide (n = 6078) found the assess-

ment items too difficult. Figure 2 shows an item map, with the distribution of the co-

hort on the left (marked as ‘x’s), and the item difficulty (logit) locations based on Rasch

estimates on the right (OECD 2013a, 187). A candidate located at the same location as

an item has a 50% probability of answering the item correctly. If they are located above

the item location, the likelihood of answering the item correctly increases. Conversely,

if they are located below the item, the likelihood of answering the item correctly de-

creases. If this data is treated as a field trial, then this information can be used to more

adequately target the items to the cohort for a main study.

The item map indicates that several of the CRT items in particularly were far too dif-

ficult. There were consistent issues regarding difficulty with the CRTs across all partici-

pating countries. Some particular items were located between one and two and a half

logits (item difficulty steps) away from the peak of the cohort distribution. For example,

an average student would only have about a 8 percent probability of answering CRT35

correctly. Unfortunately, it is not possible to determine the technical features of this

item as CRT3 has not been released.

Surprisingly, there was a large proportion of “zero” scores for the CRTs. Students re-

ceived a score of zero if they attempted a task, but received no score points. This is dif-

ferent to a score of “missing”, which represents an empty response where students have

obviously not attempted the task at all. The range of zero scores was between 20 and

70 percent, indicating that the tasks were too challenging for a great deal of students

(See Figure 3 (OECD 2013a, 188)). Figure 3 also shows that the range of zero scores for

CRT2 was between 40 and 70 percent which is disappointing to say the least. Further-

more, in countries four and five, more than 40 percent of students obtained zero scores

for any CRT attempted.

One possible alarming conclusion from these results is that many final year engineer-

ing students are severely lacking in many of the competencies required of them as they

enter the workforce. However, it is equally possible that there was a mismatch between

the Engineering Expert Group’s expectations of students, and their actual abilities. The

poor test targeting as illustrated in Figure 2 supports this latter conclusion. However, it

seems that there were other factors at play.
Questions of Motivation and Effort

In reality, it is difficult to ascertain whether these items were truly too difficult or if

there were motivational issues at play, especially due to the low-stakes nature of the as-

sessment implementation. It could be that Figure 2 is not an accurate representation of

the cohort’s true capabilities. The low-stake environment appears to have influenced



Figure 2 Item map engineering strand (n = 6078). (OECD 2013a, 187).

Figure 3 Engineering assessment zero scores, by CRT and country (n = 6078). (OECD 2013a, 188).
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Figure 4 Self-reported effort put into the engineering assessment by country (n = 6078). (OECD 2013a, 180).
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the results. The case for this claim can be made further by investigating the influence

on the effort put into the assessment by students. Figure 4 (OECD 2013a, 180) shows

that student self-reported effort into the instrument was only moderate. Self reporting

a value of one indicated that a student put ‘little or no effort’ into the instrument; two

represented ‘some effort’; three represented ‘close to my best effort’; while a four repre-

sented ‘my best effort’. These results are surprising considering the fact mentioned earl-

ier, that more than half of students across all countries felt that the CRT tasks were

relevant to their programs and interesting and clear. But they also did note that they

found the tasks “challenging” (OECD 2013a, 24)―a fact which, when coupled with the

reality of undertaking the tasks in a low-stakes environment, may have resulted in the

low levels of effort.

The CRTs were designed and developed through a long, iterative process of revision

and consultation. The Engineering Expert Group deemed the items to be adequate to

measure the competencies of graduating civil engineers across cultures and contexts.

The items were mapped to the framework, developed to measure the anticipated

spectrum of student ability, and designed to be pitched above curriculum content, em-

phasizing the process-oriented structure of competencies. The fact that students on the

whole found it challenging to demonstrate the capacity to think like an engineer and

apply their skills onto authentic real-world contexts is concerning, regardless of

whether these results were influenced by motivational considerations.
Conclusions
Lessons from AHELO for future practice

The AHELO Civil Engineering instrument provides an example of a move away from

content-based assessment to process-oriented tasks. For VET contexts, this type of as-

sessment could be adapted to measure vocational competence rather than knowledge,

without moving towards an observational assessment instrument of students perform-

ing a technical task. An assessment of vocational competencies of this kind has the po-

tential to be instigated in international contexts. However, as the AHELO study shows,

this type of undertaking is neither trivial nor straightforward.

The CRTs provided process-based tasks where students can demonstrate their ability

to apply their knowledge and skills to real-world scenarios. These tasks were distinct
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when compared with MCQs in that students could be more creative in their responses,

and the scoring rubrics were built to ensure that “thinking like an engineer” would be

rewarded appropriately. Thus, the assessment instrument is a clear case of an interna-

tionalizable outcomes assessment of Civil Engineering proficiency.

One of the most important lessons to draw from the AHELO experience, is that full

scale field trialing is essential to determine the correct anticipate difficult of items and

target the test appropriately. The AHELO Technical Advisory Group (TAG) concluded

that while the CRTs “were of high technical quality, they were simply too difficult for

many students to effectively engage and perform well.” Further, “more time for piloting

and field trials” may have revealed this issue “in time for it to be rectified.” (OECD

2013a, 169). If Phase 2 of AHELO is seen as a field trial, then the data produced pro-

vides statistical and psychometric information sufficient to ensure the validity and reli-

ability of a main study. If a full-scale AHELO goes ahead, rigorous trialing of the items

is a must.

Although there were challenges in designing and developing the CRTs (notwithstand-

ing the added complication of ensuring that the items could be delivered in multiple

languages and contexts), the OECD report that experts felt that the CRTs were a posi-

tive step in competency assessment, in that they assessment higher level skills and pro-

vided a more comprehensive instrument. (OECD 2013b, 44).

However, producing process-oriented items of this type was a time consuming and

expensive process. If these types of items are implemented in smaller-scale projects to

measure vocational competencies, some of the added constraints may not apply (trans-

lation and adaptation, for instance). However, the amount of input required to develop

sound scoring procedures and scoring rubrics―as well as the investment and infra-

structure required to actually run the scoring―should not be underestimated.

By demonstrating that it is indeed feasible to develop and implement instruments

with valid and reliable results across the diversity of countries, languages, cultures and

institutional settings, the AHELO Feasibility Study achieved its main goal. However,

there is much room for improvement for future large-scale competency based assess-

ments of this kind. In designing future work for measuring vocational competencies,

the lessons learnt from AHELO should be duly considered.
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