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Executive Summary
This is the public deliverable D6.1 Evaluation methods and plan, of the FP7 project 3D-PITOTI (ICT-600545).
This work was carried out as part of WP6 Evaluation and validation, in particular work related to T6.1
Evaluation methods and planning.
The aims of WP6 Evaluation and validation are to identify evaluation methods and define an evaluation
plan suitable for assessment of different aspects of the 3D-PITOTI acquisition, processing and presentation
systems. Evaluation of the key concepts and technologies will be a continuous process throughout the
project. This deliverable report presents the evaluation plan and explains how it has been generated
(section 2), describes the evaluation approaches and methods that will be used in the project (section 3),
the approach towards generating the evaluation protocols (section 4) and finally the main conclusions
(section 5).
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1 Introduction
This is the public deliverable D6.1 Evaluation methods and planning, of the FP7 project 3D-PITOTI (ICT600545). This work was carried out as part of Work package (WP) 6 Evaluation and validation, in particular
work related to Task 6.1 Evaluation methods and planning.
The aims of WP6 Evaluation and validation are to identify evaluation methods and define an evaluation
plan suitable for assessment of different aspects of the 3D-PITOTI acquisition, processing and presentation
systems. Evaluation of the key concepts and technologies will be a continuous process throughout the
project. The specific objectives of this WP are to:
 Specify a set of methods to evaluate the different hardware and software components, as well as
the usability of the 3D-PITOTI presentation system
 Evaluate the effectiveness of the 3D-PITOTI system for scientific analysis of rock-engravings by
archaeologists. This will include evaluating the ease of use of the system and its interface as well as
usefulness of the manner in which information is presented to scientists, and its potential to
enhance scientific understanding of the data.
 Evaluate the usability of the scaled-down version of the 3D-PITOTI Scientists’ lab in schools and
museums
 Evaluate the user experience for the perspective of the different target end users
 Evaluate the technical components of the 3D-PITOTI system based on a number of assessment
criteria including accuracy and reliability
 Evaluate scientific and educational impact of the concept and technologies.
The objectives of Task 6.1 Evaluation methods and planning were to develop an evaluation plan based on
the schedule of development. This involved developing the evaluation protocols e.g. the types of users and
trials for the specific 3D-PITOTI concepts to be tested, the tasks users will perform using the technologies,
collection and analysis of the results; and the development of recommendations. This task included
selection of relevant evaluation methods for the formative, summative and technical assessment of the 3DPITOTI concepts..
Therefore the deliverable is structured in the following way. Section 2 presents the evaluation plan and
explains how it has been generated. Section 3 describes the evaluation approaches and methods that will
be used in the project. The approach towards generating the evaluation protocols is described in Section 4.
Finally the conclusions of this report are discussed in Section 5.

2 Evaluation plan
2.1 Generation of the evaluation plan
The evaluation plan was generated through discussions with the project partners involved both in the
development of the 3D-PITOTI acquisition, processing and presentation systems and those who will be end
users of the system. The evaluation schedule was based around the timeline of the development of the 3DPITOTI system technologies and key components and Milestone 13 ‘Interim evaluation of the 3D-PITOTI
system with end users’ due in M18 (month 18) of the project. However, as the development of some
aspects of the 3D-PITOTI system will be at different development stages, the evaluation plan has taken this
into account. During the first 12 months of the project and at the time of this deliverable, a number of
deliverables and milestones (D3.1 Ground truth dataset, MS4 Initial SfM 3D reconstruction, MS5 Annotated
Ground Truth) were already achieved and evaluated by the project partners with feedback given to the
development teams. The evaluation schedule allows for a 2 month gap between the outcome of the
3D-PITOTI
FP7-ICT-2011-600545
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evaluation activity and the next stage of the development (either the interim or final version) to provide
time for the feedback from the evaluation activities to be incorporated into the development of the
technologies and key components.
Table 2-1: Development and evaluation schedule for main components of the 3D-PITOTI system Table 2-1:
Development and evaluation schedule for main components of the 3D-PITOTI system sets out the
development and evaluation schedule for the main components of the 3D-PITOTI system.

3D-PITOTI
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Table 2-1: Development and evaluation schedule for main components of the 3D-PITOTI system
Component for evaluation
M12
3D Rock-Art scanner (TUG)

3D Scanning software (TUG)

Data post processing Toolkit
(ArcTron)

SfM techniques for PITOTI
scenes (TUG)

Automatic acquisition and
registration pipeline including
final SfM, Viewplanning for
optimal SfM acquisition on UAVs
and automatic registration
software (TUG)
Algorithms for segmentation of
3D PITOTI (FHSTP)
Multi-user 3D interaction
techniques for archaeological
exploration of rock-engravings
(system for archaeological
experts) (BUW)

M16
Prototype
report D2.2,
Interim
evaluation
activities start
Prototype
report D2.2,
Interim
evaluation
activities start
Interim
evaluation
activities start

M18
Interim
evaluation
report

Interim
evaluation
activities start

Interim
evaluation
report

Development and evaluation schedule
M20
M22
M24
M28
Final
evaluation
activities
start

Interim
evaluation
report

Final
evaluation
activities
start

Final
version
D2.3

Interim
evaluation
report

Final
evaluation
activities
start
Final
evaluation
activities
start
Final
evaluation
activities
start

Final
version
D2.3

Final
evaluation
activities
start

Final
version
D5.1.3

Prototype
report
D3.3

Interim
evaluation
activities
start

Interim
evaluation

Final evaluation
activities start
Interim
evaluation
activities start

M30
Final
version
D2.3

Final version
D4.1, MS7
Interim
evaluation
report

3D-PITOTI
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D3.4
Final
version
D3.4

M34

M36
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Component for evaluation
M12

M16
Interim
evaluation
activities start

M18
Interim
evaluation
report

Interim
evaluation
activities start

Interim
evaluation
report

Appearance preserving realtime rendering techniques
(BUW)

Interim
evaluation
activities start

Interim
evaluation
report

Pitoti shape recognition and
classification algorithms (FHSTP)

Interim
evaluation
activities start

Interim
evaluation
report

Comprehensive database
structure following
archaeological scientific
guidelines incorporating
different user interfaces
(FHSTP)
Multi-user multi-touch 3D tabletop display (BUW)

Development and evaluation schedule
M20
M22
M24
M28
Database
structure
MS9

Final
evaluation
activities
start
Final
evaluation
activities
start
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M36
Final
version
D4.2

Final
evaluation
activities
start
Final
evaluation
activities
start

Final
version
D4.4.2

Final
report
D4.3

Interim
evaluation
activities
start

3D-PITOTI
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Final
version
MS11

Draft
report
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version
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2.2 Evaluation plan
The evaluation plan is set out in Table 2.2. It shows the start date for each session of evaluation activities
for each of the main components of the 3D-PITOTI system; along with the proposed user and technical
evaluation methods, the participants who will be involved in the user evaluation activities, and the
subsequent reporting of the evaluation activities and outcomes. Some of the components of the system
are scheduled for completion significantly in advance of the final evaluation reports due in M36. In these
instances, the outcomes of the evaluation activities will be reported in the individual deliverable reports on
the development of each component and will be cross-referenced in the final evaluation reports, D6.2 End
user evaluation report and D6.3 Technical evaluation report, to avoid duplication.
The evaluation plan contains the proposed methods for evaluation but these may change depending on the
development progress for each component. For example, some components are not scheduled to have
prototypes available for testing at a specific stage of development so different methods may need to be
adopted depending on the development reached at the scheduled evaluation time. It may also be
necessary to amend the timescale of the evaluation of a particular component for the same reason. The
project will aim to involve potential future end users of the elements of the 3D-PITOTI system in evaluation
activities wherever possible, and will hold workshops in Valcamonica and at other partner organisations as
required and make use of on-line data collection where necessary. Any deviations from the evaluation plan
outlined in this report will be detailed in the subsequent evaluation reports.

3D-PITOTI
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Table 2-2 Evaluation activities and reporting schedule
Component for evaluation

Version for
evaluation

3D Rock-Art scanner (TUG)

3D Scanning software (TUG)

Data post processing Toolkit
(ArcTron)

SfM techniques for PITOTI
scenes (TUG)

User evaluation methods

Participants

Technical evaluation methods

Deliverable

Prototype

Start date
evaluation
activities
M16

On-site scanning, qualitative
evaluation of scanner features
using focus groups and
questionnaires

M26

On-site scanning, qualitative
evaluation of scanner features
using focus groups and
questionnaires

Prototype

M16

On-site ease of use and
feedback quality using
heuristics, focus groups and
questionnaires

Component and full system
quantitative evaluation of image
quality and reconstruction
accuracy/precision in the lab/onsite vs. ground-truth
Full system quantitative
evaluation of image quality and
reconstruction
accuracy/precision in the lab/onsite vs. ground-truth
Evaluation of stability,
synchronization behaviour, CPU
load/battery runtime

MS13

Final

Final

M26

On-site ease of use and
feedback quality using
heuristics, focus groups and
questionnaires

Archaeological
experts from
CCSP, CAM,
TUG/ArcTron
team members
Archaeological
experts from
CCSP, CAM,
TUG/ArcTron
team members
Archaeological
experts from
CCSP, CAM,
TUG/ArcTron
team members
Archaeological
experts from
CCSP, CAM,
TUG/ArcTron
team members
ArcTron staff,
TUG, BUW, FHSTP,
ArcTron staff,
TUG, BUW, FHSTP,
CAM,
Archaeocamuni

Interim

M16

Final

M26

Interim

M12

In-house user trial to verify
state of art of processing
algorithms
User trial of developed
algorithms and their
improvement

Not applicable as no user
interaction

3D-PITOTI
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Date(s)
of
report(s)
M18

D2.3*D6, D6.3

M30,
M36

MS13

M18

Evaluation of stability,
synchronization behaviour, CPU
load/battery runtime

D2.3*, D6.2,
D6.3

M30,
M36

Component testing as far as
several algorithms are developed

MS13

M18

Full system testing by ArcTron
stuff, esp. archaeologists
employed at ArcTron; system test
by partner companies (if allowed
and possible)
Quantitative Evaluation in Lab to
Ground-Truth

D2.3*, D6.2,
D6.3

M30,
M36

MS13

M18

D6.1 Evaluation methods and planning
Component for evaluation

Version for
evaluation
Final

Start date
evaluation
activities
M16

User evaluation methods

Participants

Technical evaluation methods

Deliverable

Not applicable as no user
interaction
Observations, focus groups
and questionnaires

Not applicable

Quantitative Evaluation in Field
to Ground-Truth
Comparison to Ground-Truth
Laser scans as acquired in T3.2 in
terms of completeness and
accuracy

D3.4*, D6.2,
D6.3
D6.2

Date(s)
of
report(s)
M30,
M36
M36

Automatic acquisition and
registration pipeline
including final SfM,
Viewplanning for optimal
SfM acquisition on UAVs and
automatic registration
software (TUG)

Interim

M18

Final

M26

Observations, focus groups
and questionnaires

Algorithms for segmentation
of 3D PITOTI (FHSTP)

Interim

M12

None, no user interface

Archaeological
experts from
CCSP, CAM,
TUG/ArcTron
team members
Archaeological
experts from
CCSP, CAM,
TUG/ArcTron
team members
TUG, FHSTP

Comparison to Ground-Truth
Laser scans as acquired in T3.2 in
terms of completeness and
accuracy

D6.2, D6.3

M36

Quantitative evaluation against
ground truth, component testing
Quantitative evaluation against
ground truth, full method testing
none

D4.1*, D6.2,
D6.3
D4.1*, MS13

M18,
M36
M18

Final

M16

None, no user interface

TUG, FHSTP

Multi-user 3D interaction
techniques for
archaeological exploration
of rock-engravings (system
for archaeological experts)
(BUW)

Interim

M16

Final

M26

Multi-user multi-touch 3D
table-top display (BUW)

Interim

M16

Expert walkthrough, Semistructured interviews,
Focus group
Expert walkthrough, Semistructured interviews,
Focus group,
Task performance measures
Expert walkthrough, Semistructured interviews,
Focus group

Final

M22

Archaeological
experts from
CCSP, CAM &
naïve users, e.g.
students of
architecture and
urban planning
Education experts
from CCSP, UNott
& naïve users, e.g.
students of
architecture and
design.
Teachers,
museum Curators
and visitors

MS13

M18

none

MS8,D5.1.3,
D6.2, D6.3

M30,
M36

none

D6.2, D6.3

M36

none

MS11, D5.1.2*,
D6.2, D6.3

M24,
M36

Ethnographic methods

3D-PITOTI
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Component for evaluation

Version for
evaluation

User evaluation methods

Participants

Technical evaluation methods

Deliverable

Interim
Final

Start date
evaluation
activities
M16
M22

Appearance preserving realtime rendering techniques
(BUW)

Perceived difference between
images, perceived changes

Absolute difference between
images from different data
representations

MS13
D4.3*D6.2,D6.3

Pitoti shape recognition and
classification algorithms
(FHSTP)

Interim

M16

None, no user interface

Archaeological
experts from
CCSP, CAM &
naïve users, e.g.
students of
architecture and
design
None

MS13

M18

Final

M32

None, no user interface

None

D6.2, D6.3

M36

Pitoti database with
structure following
archaeological scientific
guidelines incorporating
different user interfaces
(FHSTP)
3D-PITOTI animated film
(CAM)

Interim

M16

Interviews

MS13

M18

Final

M32

Interviews

Full system testing

D6.2, D6.3

M36

Interim

M26

Final

M32

Test screening in a heritage,
schools and academic context.
Questionnaire
Film screening in a heritage,
schools, and academic context.
Questionnaire

Experts from
Arctron, FHSTP,
CAM, CCSP
Experts from
Arctron, FHSTP,
CAM, CCSP
Project partners,
School children
and adults
Public

Quantitative evaluation against
ground truth, component testing
Quantitative evaluation against
ground truth, full system testing
Component testing

D5.3

M36

*This will be cross-referenced in D6.2 & D6.3

3D-PITOTI
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Date(s)
of
report(s)
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M24,
M36
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questionnaires
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3 Evaluation approaches and methods
There are three types of evaluation that are proposed in this evaluation plan, formative, summative and
technical evaluations. The following definition by Trochim (2006) explains the first two which will be
undertaken during T6.2 Formative and summative evaluation.
“Formative evaluations are used to strengthen or improve the object being evaluated -- they help form it by
examining the delivery of the program or technology, the quality of its implementation, and the assessment
of the organizational context, personnel, procedures, inputs, and so on. Summative evaluations, in contrast,
examine the effects or outcomes of some object -- they summarize it by describing what happens
subsequent to delivery of the program or technology; assessing whether the object can be said to have
caused the outcome; determining the overall impact of the causal factor beyond only the immediate target
outcomes; and, estimating the relative costs associated with the object.” (Trochim, 2006).
Formative evaluation will take place during the development phase of the components of the 3D-PITOTI
system and the outcomes from the evaluations will be used to inform the subsequent development phase.
Summative evaluations will be carried out toward the end of the development phase to establish whether
the component has met the needs of the end users of the system, and whether it enhances the acquisition
and processing of data as well as the interpretation and sharing of information, ideas and challenges.
Technical evaluation, which will take place in T3.6, will comprise of a functional component and full system
testing of the 3D Rock-Art scanner and UAV system. These tests will assess issues such as robustness,
accuracy, reliability, safety, etc. Initial testing will take place within laboratory settings followed by on-site
testing in different conditions. The time, effort and required expertise will also be documented and the
technical outputs will be compared to the initial first high-quality scans from T3.2 Ground-Truth Data
Acquisition, reported in D3.1 Ground Truth Dataset.
The methods to be used during the evaluation activities will address user and organisational requirements
as well as usability issues and educational impact, as these will ultimately be used to judge the success of
the tools. The requirements specification set out in D1.2 Specification of 3D-PITOTI system is essential so
that the attributes can be measured and tested. The attributes may include functional (i.e. what the tool
needs to be able to do) and non-functional requirements e.g. understandability (how easily can a user
understand what the tool can be used for); learnability (how easily can a user learn to use the tool);
operability (how easily can a user use the tool); attractiveness (the capability of the tool to be liked by the
user); acceptability; efficiency and satisfaction.
A number of evaluation methods will be used to support the different aspects of the 3D-PITOTI system in
terms of the types of evaluations planned and the resources available. The methods described in section
3.1 are proven techniques within the field of ergonomics for analysing and improving user interactions with
technologies and systems. These methods include: questionnaires, interviews, workshops, focus groups,
observations, cognitive walkthrough, heuristics and guidelines. Some of these methods are also widely
used in educational evaluation (Charles, 1998) and user experience evaluation for cultural heritage (Gockel
et al, 2013). For the 3D-PITOTI scientists’ lab being developed, specific tools may be used for the evaluation
of aspects of virtual reality systems including input and output devices and interfaces along with general
usability issues.

3D-PITOTI
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3.1 General evaluation methods
Depending upon the circumstances, different methods may be used to collect and analyse data, either
singularly or in combination. The choice of method will be based on a variety of factors including: the object
or system to be evaluated, the environment and context in which the evaluation is to be conducted, the
time and resources available, access to sites and the personnel and expertise of the evaluation team.
3.1.1

Questionnaires

Questionnaires are a widely used method of gathering information from users. They can be administered in
either face to face, by telephone, online or on paper. Questionnaires are often used to gather relatively
small amounts of data from a large number of participants. They are quick to administer and can be
relatively quick to analyse (Robson, 2002). They can be made up of open or closed questions or a
combination of the two (Rogers, Sharp & Preece, 2011). Questionnaires can be a sole method of gathering
data or may be used in conjunction with other methods (Rogers, Sharp & Preece, 2011)and can be used to
gather both qualitative and quantitative data (Bowman, Gabbard & Hix, 2002).
Questionnaires may be specifically designed for the purpose of a study but there are also standard, well
established questionnaire for assessing particular attributes. Relevant examples for post study evaluation
to look as aspects such as efficiency, control and learnability include System Usability Scale (SUS) developed
by John Brooke in 1986 (http://www.usabilitynet.org/trump/documents/Suschapt.doc) and System
Usability Measurement Inventory ,SUMI (http://sumi.ucc.ie/), used for measuring software quality from the
end user’s point of view (http://sumi.ucc.ie/whatis.html). Another example, the Usability Metric for User
Experience (UMUX) is a four-item scale used to assess the subjective usability of an application (Finstad,
2010). Others can be used to assess aspects such as cognitive workload e.g. the Subjective Mental Effort
Questionnaire (SMEQ) (Sauro & Dumas, 2009).
3.1.2

Interviews

Interviews typically involve a researcher asking participants to directly respond to questions. This can be
carried out in person, on the telephone or via other means of communication e.g. video calling. However,
interviews always involve real-time communication between the researcher and the respondent (Robson,
2002; Rogers, Sharp & Preece, 2011). They are good for obtaining subjective opinions and reactions and
often go into more detail than questionnaires (Bowman, Gabbard & Hix, 2002).
The different types of interview are often categorised into structured, semi-structured and unstructured
interviews. These categories can be linked to the 'depth' of information needed to be collected. A highly
structured interview is really a questionnaire that is delivered in person with fixed questions in a predetermined order. In contrast an unstructured interview is guided by a broad topic but the respondent is
free to say what they like on the topic with little prompting by the interviewer. In a semi-structured
interview the interviewer will have prepared a few broad questions in advance of the interview, but will ask
additional unplanned questions during the interview to prompt further information from the respondent.
This allows the researcher follow interesting lines of enquiry in further depth. When it is clear the
respondent has no more to say about a topic, the researcher then moves on to the next.
A semi structured or unstructured research interviews are most appropriate when:
 A study focuses on the meaning of a particular phenomenon to the participants
 There is a need want to find out about individual perceptions of a process/object
 Where historical accounts are required
 For exploratory information gathering
 When quantitative information has been gathered and there is a need to validate particular
findings or illustrate the meanings of new findings (adapted from Robson, 2002)
3D-PITOTI
FP7-ICT-2011-600545
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Unstructured interviews are often used as exploratory interviews where they are used to gain ideas rather
than data. They are less formalised and structured around a 'hidden agenda' which is a list of topics and
questions that the interview wants to cover but the order in which they are approached is set by the
respondent. The quality of information gained from this method is heavily depended on the skills of the
interviewer and the respondents’ willingness to talk openly and honestly. Less structured interviews allow
for greater interviewer and respondent flexibility (e.g. the ability to investigate certain aspects in more
depth) and can provide more insight into participants’ thought processes (Bowman, Gabbard & Hix, 2002;
Robson, 2002).
Advantages of interviews include:
 They are flexible
 Non-verbal messages can give insight
 Provide rich data
 Good response rates
Disadvantages include
 Lack of standardisation (depending on type)
 Bias may be present
 Time consuming
 Can be expensive (Rogers, Sharp & Preece, 2011)
Interviews can be used as the sole method or in conjunction with others. For example, following a more
formal experimental situation, an interview may be used to gain information on the respondent's thoughts
on the subject matter or to complement observations made in a user trial (Robson, 2002). In addition, aids
such as demonstrations may be used alongside interviews to assist the participant in providing their
responses (Bowman, Gabbard & Hix, 2002). The results obtained are typically qualitative although some
methods of analysis which can be used (e.g. Theme Based Content Analysis (Neale & Nichols, 2001)) will
provide quantitative results from qualitative data. It is also possible to obtain quantitative data from
structured interviews (Rogers, Sharp & Preece, 2011).
3.1.3

Focus Groups

A focus group interview is a group interview on a particular topic - the 'focus'. It is an open-ended group
discussion which is guided by the researcher and usually lasts an hour or more. It can also involve other
activities such as watching videos, using prototypes, having a demonstration and other activities. The size
of the group varies but the optimum size is felt to be between 8 and 12. Focus groups can be used as the
primary data collection method in studies but are commonly used with other methods such as observation
and individual interviews. Having a number of participants present at once can be useful for generating
discussions and debate about specific issues. This is often particularly useful in the early stages of processes
(e.g. for idea generation) and when assessing prototypes (Robson, 2002). They are also used to help
develop more structured methods such as questionnaires or alternatively, used to gain more information
about particular responses on questionnaires.
The researcher guiding the focus group (referred to as the moderator) has to both regulate the group and
also facilitate it, along with striking a balance between taking an active and passive role. The moderator has
to generate interest in the topic but not lead the discussion in any preconceived direction whilst making
sure no one person dominates the discussion and that rules of politeness and turn taking are adhered to. It
is useful to have another researcher present to make notes on who is speaking (as when transcribing audio
tapes it may be difficult to work this out) and also to give feedback on the moderator's performance.

3D-PITOTI
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When analysing data from focus group interviews, care must be taken to consider group dynamic issues.
For example, if people keep quiet it could signify that they agree with the point being made but it could
also signify that they were unwilling to voice their objections (Robson, 2002).
3.1.4

Observations

Observational methods are used to collect information about human performance relating to a huge range
of activities. Watching people carrying out a task can provide data on performance time, errors, task
sequences and worker interaction as well as providing some insight into the difficulty or ease of carrying
out a task. Observational methods can be broadly split into two types: direct and indirect. Direct
observation (and recording) of behaviour involves the researcher being present during the task either in the
immediate location or using remote observation techniques such as closed-circuit television. Indirect
observations are taken where the task is viewed at another time from when it took place by other means
such as video recording or time-lapse photography i.e. after the event. When carrying out direct
observation, care must be taken to consider and control for observer effects (Fostervold et al, 2001).
A disadvantage of direct observation when the observer is in the immediate location is that their presence
can have an effect on the task performance (Robson, 2002). Indirect observation involves a researcher
observing the task after it has been carried out. This may be done through the use of video recording
(Rogers, Sharp & Preece, 2011).
Observation can be either structured or unstructured. Unstructured observation involves the researcher
noting anything that is of interest. Structured observation involves the observer noting instances of
predefined events, behaviours or themes (Robson, 2002). Observation is a time consuming method both in
terms of conducting observations and analysis (Robson, 2002). However, large amounts of rich data can be
obtained. This data can be both qualitative and quantitative in nature (Rogers, Sharp & Preece, 2011).
Observation can be used in conjunction with other methods to complement the data obtained from these.
Video analysis is one such tool which may be used to support observations.
3.1.5

Heuristics and Guidelines

Heuristics or guideline based evaluation is a method of expert appraisal. Typically, several experts will
evaluate a system separately against a set of relevant heuristics or guidelines. The results of the individual
analyses are then amalgamated and the resulting issues are prioritised (Bowman, Gabbard & Hix, 2002; Hix
& Gabbard, 2002; Nielsen, 1994). Some propose that a proposed suitable number of evaluators is three to
five as this should enable a large proportion of issues to be identified without too high an expense (Nielsen
& Mack, 1994). However, other studies have shown that having more evaluators is better but is more
expensive (Rogers, Sharp & Preece, 2011).
Heuristic and guidelines based evaluation does not make use of any representative users (Bowman,
Gabbard & Hix, 2002). It is therefore a relatively quick method but generally does not reveal as many issues
as other methods which do make use of end users. Heuristics and guideline based evaluations are often
most useful early on in the development process as they will reveal obvious issues before user testing
therefore having the potential to reduce the time and cost of the evaluation process (Bowman, Gabbard &
Hix, 2002; Nielsen & Mack, 1994).

3.2 Technical evaluation approaches
In the project it is expected that each partner with responsibility for developing technologies will be in
charge of their (i) Quality Assurance policy (e.g. unit/integration tests), and (ii) of applying the agreed
system-level tests to their component. As the technical evaluation and validation is integrated with the
system development procedures and therefore varies for each component, the approaches to technical
3D-PITOTI
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verification and validation are presented separately. Despite these differences, common themes can be
identified throughout the process.
Software and hardware testing is often split into two parts, verification and validation, where verification
tests the product of a development phase and checks it against the targets set at the beginning of that
phase, and validation tests the finished system against the requirements specification. Computer software
is often developed on the basis of assumptions with elements of ambiguity; this makes it prone to defects.
It can combine aspects of machine, maths, language and thought. This means that, whilst it can be very
powerful, it can also be unpredictable and therefore risky. Therefore technical testing is the art of
uncovering the unknown and therefore can be difficult to plan. As with user evaluation methods, testing is
more efficient if there is a well written requirements specification that is clear, consistent, unambiguous,
measurable and testable. This requirements specification should also state what the software should not
do where appropriate. The requirements for the 3D-PITOTI system will be set out in D1.2 Specification of
the 3D-PITOTI system and D2.1 Requirements of 3D-PITOTI scanner. Another way to make the correction
of software defects easier is to have a rigorous version management system. This will make it easier to
track down problems as well as give users precise information about the issues with specific releases.
3.2.1

Types of technical testing

To avoid the build up of defects and the consequent increasing difficulty of diagnosis, testing should take
place early and often. For example, this means testing individual modules or units to see how they perform
rather than waiting for them to be integrated into the system. This unit testing can then be followed by
integration testing, where the units are linked to others to see if they work in combination. A part of this is
regression testing which can be used to check whether changes in one unit result in the incorrect operation
of another. Finally, system testing, or validation, can be carried out to find out if the finished hardware and
software conforms to the specification. Within each partner organisation development and testing will be
carried out separately to ensure that the testing is independent from development bias or preconceptions.
The stages of development of test plans are detailed below.
Stage 1: what to test?
In the first instance for each release of a component (as shown in Table 2), testing will be done by the
developer to find out if it is broadly is working as expected. Once this has been done it will be handed over
to testers who will then plan out how the verification should be carried out. The first stage of this will be to
form a list of the elements that make up the unit or system. These might include – functionality, code
structure, user interface, internal interfaces, interfaces to other systems, input ranges, outputs, manuals
and other physical components, data structures, platform & environment, and configuration elements. For
each of the relevant elements it will then be necessary to decide what aspects of that element to test.
Some elements may require more than one test; some tests may test more than one element.
Stage 2: how to test?
The next step will be to decide how each test will be carried out. Most elements can be tested twice – once
to see if they give the correct response to valid inputs (positive testing), and again to see that they give an
appropriate response to invalid inputs (negative testing). It is possible that there could be an infinite
variety of invalid inputs so negative testing may have to be limited to the more likely of these. To
document this process, for each test a test case will be written. This is not only used to record the tests
carried out but also to provide accurate information to the developer in the event of a defect being found.
A test case might include the following items – unit or module description, priority, initial item
configuration, software/hardware configuration, test steps, expected behaviour, actual behaviour/test
outcome. For each of these items the tester will provide all the relevant details of the tests to be
performed. At this stage the last item will be left blank.
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Stage 3: prioritising
The resulting list will now include all the tests that have been considered. However, some of these tests
may not be viable as the cost of, or time to carry them out may not be justifiable in terms of the nature of
the defects that might be found. To work out which tests will be performed, the next stage will be to
prioritise them with respect to risk. In the first instance this will be done by asking the developers where
they think there might be defects. For each test it will be necessary to establish the likelihood of a problem
and the severity of the effects of the problem on the correct function of the component. Having prioritised
the tests an estimate will be made of the cost of the test (probably in terms of time taken to perform the
test). Now low priority, high cost tests will be eliminated from the list of tests to be performed.
It is likely that there will be more than one phase of testing, as defects are found, corrected and the system
retested. If no defects are found, the testing plan will be revisited to see whether it is missing something.
The purpose of testing is to find problems, if no problems are found the testing has probably failed. It is
very rare for software in particular to be completely bug-free.

3.3 Educational evaluation approaches
3.3.1

General approaches

Educational evaluation approaches can also be distinguished as ‘formative’ and ‘summative’. The former
evaluates the learning as it develops and throughout some course or educational experience with emphasis
on furnishing ongoing learning feedback to optimise the direction and pace of change. Formative
assessment methods involve collecting outputs of learners’ engagement during the course or educational
experience. Summative evaluation involves evaluating learning at the end of a course of study or some
learning cycle with methods commonly involving tests and/or assignments. In all cases there is a need to
demonstrate reliability and validity: creating confidence in the reproducibility of results and confidence
about the authenticity of what has been measured.
By the end of a course or educational experience, learners are expected to have developed understandings
that accord to educational goals and objectives. Stufflebeam (2001) provides an overview of evaluation
approaches in educational courses, some of which are applicable for shorter-term educational initiatives
and events and thus appropriate for educational evaluation within the project. The goals and objectives can
be formulated as a subject-related list of what students will be able to comprehend and/or do, or what
capabilities and skills they will have developed by the end of the educational event. The goals and
objectives are formed under the influence of the educators (e.g. through day to day planning), as they act
within institution, local, national and international educational systems.
We have extracted and adapted eight approaches to educational evaluation (out of 22 listed by
Stufflebeam, 2001) as they can be related to educational initiatives and interventions while the remaining
approaches are more focused on course evaluation as a mechanism of institutional policy and strategy
(Stufflebeam, 2001, p. 16-80). Those eight approaches are:
1) Question-based evaluation: This develops and applies specific evaluation questions that are given to
learners. The questions can be applied on educational premises or distributed online. This can be done
using a variety of methods (e.g., surveys, structured interviews, semi-structured interviews, focus groups).
The questions are usually narrowly defined and may reflect behavioural or operational objectives, or an
expert’s preferred set of criteria.
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2) Standardized tests: These are a particular type of question-based evaluation. They are regularly
administered tests, standardised for large-scale examination, often consisting of multiple choice questions
or otherwise structured formats.
3) Performance testing: This approach is oriented towards students’ performance and what they can do
and create as a sign of their learning. It evaluates learning as a product of students’ engagement
individually or in a group, requiring “students to demonstrate their achievements by producing authentic
responses to evaluation tasks, such as written or spoken answers, presentations, portfolios of work
products, or group solutions to defined problems (Stufflebeam, 2001, p.25).”
4) Experimental studies: This evaluation approach suggests using structured experiments with experimental
and control groups – the first receiving an intervention, the latter not - and then contrasting the outcomes.
5) Case study evaluation: This evaluation approach is a focused, in-depth description and analysis of the
learning activities, actors, environment and various contextual factors surrounding it without controlling
those circumstances in any way.
6) Criticism and Connoisseurship: The purpose of this evaluation approach is to describe, critically appraise,
and illuminate a particular course or event’s merits. The evaluation questions are defined by expert
evaluators. Possible questions are: “What are the (educational) course/initiative’s essence and salient
characteristics?” “What merits and demerits distinguish the particular course/initiative from others of the
same general kind?”
7) Stakeholder–centred evaluation approach: This approach evaluates the needs, experience and responses
of those who deliver courses and those who attend them along with other relevant stakeholders, for
example: learners, parents, teachers, schools, university professionals. It can be concerned with
stakeholder’s affective responses.
8) Design-based approach: This evaluation approach evaluates an educational design and/or resource for
teaching and learning over a period of time and in stages. It can apply a variety of methods: observation,
experimental intervention, interviews, artefacts and discussion record (for an analysis of created artefacts,
spoken and written engagement).
Evaluation methods are commonly grouped according to whether they generate qualitative or quantitative
data. Using a mixed-method evaluation approach has become more and more common.
Typical methods generating quantitative data in educational research include:
 Questionnaires
 Structured interviews
 Standardised testing (annual)
 Experiments
 Rating scales (e.g. Likert)
Typical methods generating qualitative data in educational research include:
 Text , artefact and/or discussion recording (for performing content /multimodal/ critical discourse/
theme/corpus linguistics analysis)
 In-depth descriptions
 Semi-structured and open-ended interviews
 Focus groups
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Photo elicitation (participants are collecting or shown photographs to provide reflections on an
issue)
Independent and participant observations

It is important to note that with the proliferation of multimodal digital resources and multimedia objects
and forms of communication, many authors argue in favour of going beyond language-focused testing,
allowing for different hybrid forms to legitimately be explored and introduced as evaluation resources (e.g.
students’ multimedia productions and expressions).
3.3.2

Evaluating the impact of a resource on learning

At its simplest, the phrase “educational evaluation” suggests exploring a relationship between two things: a
learning intervention (e.g., a digital resource) and a learning outcome (typically, learner knowledge).
Judging whether a resource (e.g. a 3D environment) has an ‘impact’ on learning suggests a comparison:
that is, outcomes observed with the resource versus outcomes observed without. Yet this simple
conception is often dismissed for being a “medical model” of educational evaluation. Sceptics argue that an
educational intervention rarely follows the model of injecting a circumscribed drug into a passive and
receptive organism (Clark, 1994).
An educational resource is better considered a ‘tool’ rather than a pharmacological messenger. As a tool, it
will be exercised in different ways: variation dictated by different teachers, different learners, and different
learning contexts. We can think of this inevitable teacher-learner-context mix as an ’activity system’ – a
framework of activity that our intervention disturbs, by inviting it to assimilate some new tool or resource.
This means that what is observed in an evaluation is not a ‘resource’ but a ’resource used that way’. If
specifying our resource (input) is therefore not simple, neither is specifying our learning (output). When the
learner leaves this activity system they may well be changed – entering some new activity system equipped
with new knowledge. They have learned. But that knowledge may be anchored to the circumstances of the
first (learning) activity system: put simply, it may be more or less flexible; the learner may be more or less
versatile in applying what has become known across a whole range of contexts.
An educational evaluation needs to consider all of this. In practice this is likely to mean that “evaluating”
has two main foci. Firstly, we may evaluate the variety of ways in which a novel resource is assimilated into
human activity systems – how a resource affords differing modes of educational practice, all the ways the
tool may be used. Ideally this would be pursued through the methods of “design-based (educational)
research” (Amiel and Reeves, 2008). Resource users (teachers and learners) are observed or questioned in
ways that expose how the properties of the resource invite particular modes of practice: defining an
iterative process of re-design. If the teacher herself evaluates a new resource or an educational design in a
collaborative relationship with researchers, this is then the case of an ‘action research’ approach to
evaluation (Brydon-Miller, 2003). The methods applied within design-based research and action research
depend on what needs to be evaluated and what answers are sought for.
The second focus of evaluation would be on judging changes in the learner. The changes sought might be
connotative (what is known), cognitive (the process of knowing) or affective (the emotions and experience
of knowing). These may be assessed formatively and summatively.
3.3.3

Evaluating an impact of visualisations on learning

When it comes to visualisations, Naps et al. (2003) provide a set of methods for evaluating the educational
impact of visualisations. Evaluation can target teachers or students or both. For example, teachers can
evaluate visualisation tools by using Likert scale values (e.g., strongly disagree, disagree, neutral, agree,
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strongly agree) and by answering multiple-choice or open-ended questions. The Likert-scale evaluative
statements could include ‘The tool is easy to show and teach to students’ or ‘The tool works reliably’. An
open-ended question might be ‘How did students interact with the tool?’ Naps et al (2003) suggest
measuring student satisfaction (affective evaluation) using similar statements Likert-scale evaluative
statements such as ‘I enjoy using the tool’, ‘I feel I understand the concept better when using the tool’
along with open ended questions such as ‘How did you use the tool’?
In terms of formative evaluation, the following can be evaluated:
 Students’ attention to a visualisation (by observing students and documenting what they do)
 Immediate and intermediate student feedback (by asking and recording questions)
 Students’ opinions (by interviews)
In terms of summative evaluation, it is suggested that this may be realised using:
 Pre and post-content tests
 Using Bloom’s taxonomy (six “levels” of learners’ understanding: knowledge, comprehension,
application, analysis, synthesis, and evaluation). This approach is contested if used hierarchically
since different levels may not occur in a strict hierarchical order.
 Attitude surveys.

4 Evaluation protocols
When developing the evaluation protocols for the elements of the 3D-PITOTI system, the project will
consider what type of users will test the system, what will be tested, the tasks that will be carried out, what
data will be collected and how this will be analysed.

4.1 Participant selection
Participant selection for the evaluation of each use element of the system will be based on the task that is
being carried out along with the tools and methods being used. For example, where heuristics or guidelines
are used, participants can be experts but where questionnaire studies are conducted as part of user
evaluation, representative end users of the system will be more applicable.
There are a number of methods of participant sampling which can be used. These can be generalised into
two broad categories: probability and non-probability sampling. Probability sampling recruits participants
from a target population and there are a number of ways that this can be done. Random and stratified
sampling is the most common approaches. Random sampling involves using a random number generator
or choosing every nth person from a list. Stratified sampling involves dividing the population into groups and
then applying a random sampling technique to each group. Non-probability sampling usually involves
participants who are self-selected or recruited based on availability. It can be more difficult to make robust
generalisations when using non-probability sampling (Rogers, Sharp & Preece, 2011). However is
recognised however that within the constraints of the project, non-probability sampling is likely to be used
as the possible population for some elements of the 3D-PITOTI system include the public (as museum
visitors) and archaeologists working in specific fields and probability sampling from these populations
would be almost impossible. Wherever possible, participants for user trials will be recruited from actual
potential user groups.
Sampling size will also be considered when selecting participants. Appropriate sample sizes will depend on
the methods being used but for certain studies, minimum sample sizes can be determined using power
analysis.
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4.2 Selection of elements to be evaluated and tasks to be carried out
The elements that will make up the 3D-PITOTi will be selected for development in the requirements stage
and those relating to the visualisation system are specified in D1.2 Specification of the 3D-PITOTI system
and those relating to the 3D Rock-Art Scanner are specified in D2.1 Requirements of 3D Pitoti Scanner. The
elements are detailed in these reports and appropriate tasks for evaluation will be defined. The evaluation
tasks to be carried out will be selected based on the elements being tested and the data desired.

4.3 Data collection and analysis
The methods and tools selected for use in evaluation will be chosen based on their appropriateness. This
includes consideration of the type of data that are required and the evaluation questions being asked. In
addition, participant characteristics may affect methods and tool selection. Methods and tools do not have
to be used in isolation but can be combined as this can result in obtaining richer data and broader
understanding.
The complexity of tasks which participants will be asked to carry out and the amount of interaction
required may affect the way in which methods and tools are used. For example if a task is complex, or
requires a lot of interaction, it may be more practical to carry out observations or conduct post-trial
interviews or ask participants to complete post-trial questionnaires. For less complex or less interactive
tasks, questionnaires or interviews conducted in-situ may be more suitable. This is particularly the case
where the task is not easy to observe. Consideration has also been given to the location in which evaluation
will occur. Evaluation can take place in laboratories or in field settings (Rogers, Sharp & Preece, 2011, Egger
et al, 2013). Given the nature of 3D-PITOTI systems being developed concepts, studies will take place both
in laboratories and in the field.
Practical issues which need to be considered when planning data collection and therefore the methods and
tools that will be used include: selecting participants, resource availability and researcher expertise. The
availability of resources can affect the tools and methods which are used and can also affect the location in
which studies are conducted. In addition, some methods and tools will require specific expertise in order to
facilitate the studies or analyse the results (Rogers, Sharp & Preece, 2011).
Methods of data analysis will be selected based on the type of data collected, the methods used and the
research questions. Quantitative data collected, such as questionnaire responses or timings of user
interactions will often be analysed using appropriate statistical tests. Qualitative data is often more difficult
to analyse. Possible approaches include counting word or phrase frequencies and coding data (either with
predefined codes or emergent codes from researcher interpretation). Care should be taken when selecting
an analysis approach. If there is a need for quantifiable data, counting frequencies of phrases or
occurrences may be more appropriate. If the analysis aims to look for specific occurrences, predefined
codes may be most appropriate. If the study is more exploratory, emergent codes may be more
appropriate.

5 Conclusions
The objectives of Task 6.1 Evaluation methods and planning were to develop an evaluation plan based on
the schedule of development. This report presents the evaluation plan which has been developed with the
partner organisations responsible for the technical development of the components of the 3D-PITOTI
system, the partner organisations who will be among the eventual end users of the system, and those who
will be responsible for carrying out the evaluation activities. The schedule for evaluation and reporting has
been suggested along with the proposed methods and users to be involved. The relevant evaluation
3D-PITOTI
FP7-ICT-2011-600545

Page 24

D6.1 Evaluation methods and planning

approaches and methods have been defined and this document will act as a resource for the project
partners to select appropriate methods, participants and evaluation metrics for the evaluation protocols.
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