\%ﬂ HELSINKI UNIVERSITY OF TECHNOLOG

Minttu Linja-aho

Evaluating and Improving the Learnability of a
Building Modeling System

Master's Thesis
Espoo, January 5, 2005

Supervisor: Marko Nieminen, Dr.Sc.(Tech.)
Instructor: Pia Nakari, M.Sc.(Tech.)



HELSINKI UNIVERSITY OF TECHNOLOGY ABSTRACT OF MASTER'S
Department of Automation and Systems Technology THESIS

Author Date
Minttu Linja-aho January 5, 2005

Pages

121

Title of thesis
Evaluating and Improving the Learnability of a Building Modeling System

Professorship Professorship Code
User interfaces and usability T-121

Supervisor
Marko Nieminen, prof., Dr.Sc.(Tech.)

Instructor

Pia Nakari, M.Sc.(Tech.)

The objective of this study is to classify factors affecting learnability and to suggest means of
improving the learnability of a building modeling system. The term ‘learnability’ signifies how
quickly and pleasantly a new user can begin efficient and error-free interaction with a system.
The learning period for complex systems designed for domain experts is often very long, and
therefore learnability improvements would be especially desirable in such systems.

The user interface is an important but not the sole determinant of learnability. This thesis
accordingly addresses the effect of the system structure, because the match between the mental
models of users and the actual system structure is presumably crucia for learnability. In
addition, as most new users of the building modeling system attend a training session, this thesis
also addresses the effect of training on learnability.

Several empirical methods were used for examining learnability. A longitudinal study was
arranged to obtain information on different phases of the learning process. First, users
interacting with the system for the first time were interviewed to obtain information on their
mental models. Next, a three-day training session for new users was observed and training
material was analyzed. Users skill levels were assessed immediately after the training and two
months later by observing them in a scenario-based |learnability test. Users were also asked to
fill in a satisfaction questionnaire form. All the research concentrated on the users core tasks,
which had been defined beforehand in user interviews.

Learnability-related phenomena were extracted from the empirical data and they were analyzed
to determine factors affecting learnability. Three groups of factors were formed: factors related
to the user interface; differences between the mental models of users and the system structure;
and training. General learnability guidelines and detailed suggestions for changes in the user
interface, system structure and training were proposed on the basis of the learnability factors.
These learnability guidelines and the classification of factors affecting learnability are the main
contribution of this study. The detailed suggestions can be applied to produce immediate
improvements in the learnability of the building modeling system.

Keywords: Learnability, ease of learning, usability, building modeling, complex systems,
learning
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Taman tyon tavoitteena on luokitella rakennesuunnittel ujarjestelman opittavuuteen vaikuttavia
tekijoita ja esittéd keinoja parantaa jarjestelman opittavuutta. Opittavuudella viitataan siihen,
kuinka nopeaa ja miellyttévaa jarjestelmén tehokkaan ja virheettoméan kayton aloittaminen on.
Monimutkai sten asiantuntijajérjestel mien oppimiseen kuluva aika on usein huomattavan pitka ja
siksi opittavuusparannukset ovat erityisen toivottavia.

Kayttoliittymd on olennainen mutta e anoa opittavuuteen vaikuttava tekija. Téassa
tutkimuksessa kasitelléén myds jarjestelman rakenteen vaikutusta opittavuuteen, koska on
opittavuuden kannalta tarkedd Koska suurin osa rakennesuunnittelujérjestelméan uusista
kéyttgjista osallistuu koulutusjaksoon, kasitellddn liséksi koulutuksen vaikutusta opittavuuteen.

Opittavuuden tutkimiseen kaytettiin  useita empiirisd menetelmia  Kéyttgia seurattiin
pitkittéi stutkimuksella, koska haluttiin tietoa oppimisprosessin eri vaiheista. Ensin haastateltiin
kéyttdjia, jotka kayttavét jarjestelmaé ensmmaista kertaa, jotta saatiin tietoa heidan jérjestelmaa
koskevista kasitemalleistaan. Seuraavaksi havainnoitiin  kolmipéivaista koulutusiaksoa ja
analysoitiin koulutusmateriaalia. Heti koulutuksen jakeen ja kaks kuukautta mydhemmin
kéyttgjien taitotasoa arvioitiin skenaariopohjaisessa opittavuustestissa.  Kayttgjia myds
pyydettiin tdyttdmaan miellyttévyytta koskeva kyselylomake. Kaikissa opittavuustutkimuksen
vaiheissa keskityttiin kayttgjien perustehtéviin, jotka oli mééritelty ennen edelld mainittuja
empiirisia tutkimuksia haastattel emalla j&rjestel man nykyisia kayttgjia.

Empiirisilla menetelmilld kerdtystd tiedosta |0ydettyjd opittavuusilmititd analysoitiin ja
ryhmiteltiin, Tassi tydssa esitetddn niiden perusteella muodostetut kayttoliittymad, kayttgjien
késitemallien ja jarjestelman todellisen rakenteen vastaavuutta seka koulutusta koskevat
opittavuustekijat. Tyossa esitellédn myos opittavuustekijoihin perustuva opittavuutta tukevan
suunnittelun ohjeistus. Lisdks tyd sisdltéa yksityiskohtaisia ehdotuksia kayttoliittymassa,
jarjestelmén rakenteessa ja koul utuksessa tehtévista muutoksista.

Taman tutkimuksen térkein tuotos on oletettavasti opittavuustekijéiden ryhmittely ja
opittavuutta tukevan suunnittelun ohjeistus. Y ksityiskohtaisten ehdotusten avulla jérjestelman
opittavuudessa voidaan tehda nopeita parannuksia.

Avainsanat: Opittavuus, kaytettévyys, rakennesuunnittelu, monimutkaiset jarjestelmét,
oppiminen
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1 Introduction

1.1 Why Learnability?

Building modeling systems are complex software applications intended for creating a three-
dimensional model containing al the components of a building. A few decades ago, structural
engineers drew those components two-dimensionally with paper and pen. Later, computerized
drawing systems were introduced but at first they were based on two-dimensional drawing.
Nowadays, designers can create a parametric three-dimensional model instead of a symbolic
two-dimensional drawing. The information can be transferred in an electronic form to other
parties of the building modeling process. All this requires building modeling systems to contain
a lot of functionality. The downside of the development is that learning to use the current
building modeling systems takes alot of time.

The term learnability can be used to describe the ease or difficulty of learning to use a building
modeling system. Learnability refers to the experience of a new user when he is starting to use
the system. It should be possible to learn efficient and error-free interaction quickly and the
learning process should be pleasant.

Severa researchers in the usability research domain have recognized the importance of
learnability in determining usability and system acceptability (e.g. Butler, 1985; Santos &
Badre, 1995). Learnability has been found to be correlated with user satisfaction (Lin, Choong,
& Salvendy, 1997), and user satisfaction in turn may be a critical factor in determining whether
individuals or organizations will adopt a new system as a part of their processes or whether
they will stick with their old systems. Therefore, it is desirable to design interfaces that are easy
to learn.

Learnability is an especially critical attribute for complex systems, such as current building
modeling systems. As stated above, the learning period of complex systems may be very long -
from hours to even months. Learnability improvements would enable users to learn to use the
system faster and more pleasantly. This would raise user satisfaction, which was aready
mentioned above, and in addition, raise productivity in the beginning of the learning process
and shorten the time to achieving the maximum productiveness.

However, in addition to meeting the learnability criterion, complex systems that are used by
domain experts must also be maximally efficient to use (Santos & Badre, 1995). It has been
discussed whether these two attributes are contradicting or support each other. Several studies
have indicated that learnability and efficiency - and also learnability and usability - are
congruent. Whiteside, Jones, Levy, and Wixon (1985), for example, noticed in their study
concerning several command, menu, and iconic interfaces that the best system for novice users
was also the best for expert users, and the worst system for novices was the worst for experts.
However, some researchers (e.g. Goodwin, 1987) remind that experts and novices may have
different requirements for a system; abbreviations and shortcuts, for example, will improve the
performance of experts but may slow down the learning of a novice. Thus, balancing
learnability and efficiency in a user interface is a challenging task.

Even if sometimes compromises are needed to balance different usability attributes such as
learnability and efficiency, novice users are an important user group and therefore the learning
dimension should be taken into consideration when designing the system. Lin et a. (1997) have
written the following statement that states the requirement for learnability and elaborates on the
learning process:



"Well-designed computer software should be easy to learn. Humans can learn through
several formats such as rote learning, learning through understanding, or learning by
exploration. The learning process will be enhanced and the result will be retained if users
are presented with awell-designed, well organized interface." (Lin et al., 1997)

In the quote, Lin et al. (1997) refer to both the characteristics of the learning process and the
presentation of the user interface. In general, to understand learnability, it is necessary to
consider the whole learning process and the changes that take place in users mental models, in
addition to considering the details of the user interface.

1.2 Research Framework

The need for researching learnability arose from the request to find ways to shorten the learning
period of new users of the Tekla Structures system. Tekla Structures is a building modeling
system used by structural engineers for designing and fabricating buildings with stedl or
concrete structures. With Tekla Structures, three-dimensional models containing information
on materials, strengths, and other structural parameters can be created. Drawings and reports
can be created automatically of the three dimensional model. Drawings and reports are then
sent forward to other parties of the construction process.

Tekla Structures is a complex system for domain experts in structural engineering and it
includes an expansive number of functions. Its complexity is demonstrated by the fact that
there are 220 commands on the first menu level, and in addition, there are dozens of commands
on successive menu levels. The complexity of the system leads to long learning times. Most
users attend a three-day training session but only a small subset of system functions are learned
in that time.

The usahility of the Tekla Structures system has been studied earlier and there are usability
engineers working at Tekla. However, the learning process of new users has not been studied in
detail before. My research addresses the learning issue.

During the research process, | have received information on the previous usability
considerations and the building modeling process from usability engineers and requirement
management specialists at Tekla. Based on that information, | planned and carried out a series
of empirical research sessions and analyzed the results to obtain information on learnability.

In this study, learnability is approached from the perspective of usability research. Learnability
and usability can be seen as analogous. A central goal in usability research is to make products
easier to use. Correspondingly, in this learnability research, a central goal is to make a product
easier to learn. In addition, many usability researchers have recognized learnability to be one of
the factors pertaining to usability. In this study, the conceptual framework is largely adopted
from the vocabulary used by usability researchers. Many of the observational research methods
that are used in this study are known from the usability engineering practice. However, in this
study, the usability research perspective is extended by including some theories and
methodol ogies from cognitive and pedagogical sciences.

1.3 Objectives

The objective of this study is to recognize factors that affect the learnability of a building
modeling system, Tekla Structures, and to find ways to improve its learnability. In this study,
we adopt abroad view of learnability by considering the effect of the user interface, differences
between users mental models and the system structure, and training on learnability.
Learnability factors related to these aspects will be researched. Information on the factors



affecting learnability will be used to create suggestions for improving the learnability of the
user interface. Both general guidelines for improving the learnability of a complex system and
detailed suggestions for improving the learnability of the user interface, system structure, and
training are presented.

The learnability research concentrates on the core tasks of users. The core tasks are defined
before the empirical learnability evaluations by interviewing users of the system. However,
some of the results can be applied to other parts of the system as well.

Two main research questions have been formulated for this study. Three focusing questions for
the first main research questions have also been formulated. The questions are the following:

1. Which factors affect the learnability of abuilding modeling system?
a.  Which user interface design issues affect learnability?
b. How do the differences between mental models of users and the actual system
structure affect learnability?
c. Which characteristics of training sessions support learnability?
2. How can the learnability of a building modeling system be improved?

The following diagram clarifies the empirical research activities that are performed in this
study to find answers to the research questions. The arrows contain empirical research activities
and the balloons indicate their outcomes. The first two arrows and a balloon are related to the
research on core tasks. The following seven arrows indicate the research methods that are used
for evaluating learnability. Learnability phenomena will be extracted from the observations, the
phenomena will grouped into learnability factors, and suggestions for improving learnability
will be based on the grouping of learnability factors.

Individual
interviews

Training -
observation Learnability
tests

Creating

guidelines
and

suggestions

e

hental
model

Training
interviews | Subjective

analysis satisfaction
questionnain

ldentifying
learnability
phenomena

Analyzing
learnability
factors

ldentifying
Core tasks

Group
discussions

Figure 1. Empirical research activities.

In this study, we expect to find some learnability factors that have already been introduced in
the literature concerning learnability and some factors that are familiar from usability
guidelines, system design principles, or pedagogical theories. However, we expect that our
classification of factors will reflect the characteristics of the building modeling system and are
therefore unique. We also expect that the learnability factors are a good basis for creating
suggestions for improving the learnability of the system.

1.4 Structure of the Thesis

In this chapter (chapter 1), some introductory information on learnability and Tekla Structures
is provided. In addition, the research questions are presented. In the next chapter (chapter 2),
the research framework and the theoretical framework for learnability will be presented. The
chapter starts with a definition of learnability and continues with a review of theories and
research results on three issues closely related to learnability. The first issue is learnable user
interfaces, the second issue is mental models, and the third issue is the characteristics of the
human learning process. In chapter 3, the building modeling process and the Tekla Structures
system are presented. Chapter 4 includes descriptions for empirical methods used in this study
as well as the results of each method. In chapter 5, a classification of factors affecting



learnability is presented. The classification is based on the learnability phenomena that were
noted during the empirical research described in chapter 4. Chapter 6 contains suggestions for
improving learnability by redesigning parts of the user interface, changing the system structure
or restructuring training. In chapter 7, conclusions are made of the empirical methods, factors
affecting learnability, learnability improvements, reliability, validity, and generaizability of
results, and suggestions for further research.

2 Theoretical Framework for Learnability

2.1 What Is Learnability?

Definition of Learnability

Severa definitions for learnability have been presented in the literature and examples of them
are shown in table 1. Some of the definitions consider learnability to be a measurable attribute;
others explain it with general terms such as the "experience of a new user". As was said in
chpater 1.2, we approach learnability from the perspective of usability research, and therefore
most of the definitions have been presented by usability researchers.

In the literature, the terms ease-of-learning and learnability have often been used
interchangeably. Both terms can be found in the definitions below. However, in our study, we
use only the term learnability.

Our definition. We define learnability as follows: Learnability signifies how quickly and
pleasantly a new user can begin efficient and error-free interaction with the
system.

Other definitions. Our definition of learnability has been constructed by looking at definitions
given by different authors, considering the additional issues we want to include in
the definition, and combining these into a definition that we find feasible for the
system in question. In the following table, we present definitions of different
authors.



Table 1. Definitions of learnability.

. Our stand on the definition

Author

. Definition presented by the author

1SO 9241-11 - | Part 11 of the ISO 9241 standard defines Our definition is formulated
standard, learnability through the three attributesof | differently that the | SO definition but
SFS-EN 1998  efficiency, effectiveness and satisfaction. contains the same elements. The
words 'speed' and 'pleasantness
included in our definition are closely
related to 'effectiveness and
‘satisfaction’ included in the 1ISO
definition.
N.Bevanand N. Bevan and M. Macleod defined Bevan and Macleod's definition is
M. Macleod, learnability to comprise of the usability close to the SO definition presented
1994 attributes of satisfaction, effectiveness, and = above. As stated above, our definition
efficiency that are evaluated in a certain isformulated differently but contains
context, namely the context of the new the same elements.
user.
A. Dix, J. Alan Dix et a. define learnability in their This definition is very closeto our
Finlay, G. book Human-Computer Interaction to be definition. This definition refers to
Abowd, and the ease with which new users can begin ‘effectiveness and 'performance
R. Beale, effective interaction and achieve maximal whereas our definition refers to
1993, p. 131- performance. ‘efficiency’ and 'error-freeness. We
137 have focused to word 'ease’ to 'speed'
and 'pleasantness.
J. Nielsen, Jacob Nielsen writes that ease of learning For our study, we need a stricter
1993, p. 28-30 | refersto the novice user's experience on the = definition than the ‘experience of a
initial part of the learning curve. new user, and therefore we did not
adopt this definition for our study.
T. Paymans, In astudy presented by Paymans et al. We have a so addressed the change of
J. concerning context-aware user interfaces, mental modelsin our study, but we
Lindenberg, learnability referred to the changeinusers = do not define learnability only in
and M. mental models before and after using the terms of mental models.
Neerincx, system.
2004
G.J. Elliott, E. = G.J. Elliott et al. criticize the practice to In our study, we present a
Jones, and P. | define learnability simply in terms of the corresponding model for the
Barker, 2002 | timerequired to learn to interact with a learnability of building modeling
system. They propose a causal model for systems.
learnability that comprises of factors
affecting learnability and their causal
relationships. Their model will be
presented in section 2.2.

Our operationalization. Our study is mainly qualitative and therefore we can collect
information by observing users and noting issues that affect learnability. However, we aso
wanted to formulate an operational definition of learnability, in order to be clear on what is
meant by the learnability of a system.

Our definition of learnability defines the goal of the learning process to be "effective and
problem-free interaction”. Effectiveness is defined in the 1SO 9241-11 standard as "accuracy
and compl eteness with which users achieve specified goals'. Error-freeness is self-explanatory,
except that it must be decided what kinds of incidents are counted as errors. These goals of
effectiveness and error-freeness led us to evaluating the learning results by counting the
number of tasks completed successfully and without errors. We considered an error to be an
incident in which the user faced a problem that he could not solve without help, spent extensive
mental effort on finding a solution to a problem, needed to undo and redo commands, or
resorted to trial-and-error strategy. In addition to counting tasks completed successfully and
without errors, we also measured task time, for reference purposes.



The problem with evaluating learning results by counting tasks completed successfully and
without errors and recording task time is that when a complex system is studied, it is
impossible to perform the measurements before users have received some training. Thus, only
the skill level after the training can be addressed with these measures. However, as our study is
mainly qualitative, it is enough to perform the measurements only after the training and use
other methods to collect qualitative information on learnability before the training.

Our definition also states that the learning process should be fast and pleasant, the first being an
objective attribute and the second one subjective. The first attribute, "fast”, refers to the skill
level —the level of effectiveness and error-freeness — that users have reached in a certain time
period. We address this attribute by evaluating users skill level immediately after the training
and two months later. The second attribute, "pleasant”, refers to the subjective opinion of users
on whether learning the system is annoying or convenient. We use a questionnaire to address
this attribute and collect comments presented by users that reflect their subjective opinions.

Other operationalizations. In the ISO 9241-11 standard, learnability is operationalized
through the three attributes of effectiveness, efficiency, and satisfaction. For each attribute, one
or more measures are presented. Effectiveness measures for learnability are the number of
functions learned and the percentage of users who manage to learn to a certain criterion.
Efficiency should be measured in relation to a specified level of effectiveness. Efficiency
measures are time to learn to criterion, time to re-learn to criterion, and relative efficiency while
learning. Satisfaction can be measured with arating scale for ease of learning.

Some other authors have operationalized learnability in terms of errors, task time, error
recovery time, and time to mastery. Butler (1985) assigned the learnability an operational
definition that contains the time to mastery and error avoidance or recovery. Carrolls and
Carrithers (1984) evaluated learnability by counting errors and measuring the time that is
needed to perform a task as well as the time that was needed for error recovery. The
operationalizations presented by Butler (1985), Carrols and Carrithers (1984), and in the 1SO
standard are rather close to our definition.

Nielsen (1993, p. 28-30) wrote that learnability can be operationalized as the time that a new
user needs to reach a predefined level of proficiency. However, in this study, we cannot
measure learnability by defining alevel of proficiency and measuring when users have reached
it because reaching a feasible level of proficiency would take from days to weeks or even
months. Instead, we need to arrange several meetings with users and measure what they have
learned until the meeting.

As the learnability measures presented above are rather similar to our operationalization, we
can assume that our operationalization is feasible. We must remember, however, that as our
study is mainly qualitative, we should not stick too strictly with assessing these measures but
our main task is to collect qualitative information on issues affecting learnability. Actualy,
some qualitative studies on learnability, such as one reported by Elliott et a. (2002), do not
present any operationalization of learnability but concentrate on the qualitative observations.

Learnability as a Usability Attribute

Relationship of learnability and usability. To place the concept of learnability into its
framework, some information on usability and its upper level concepts is presented here. 1SO
standards present an often-cited model of usability. According to part 11 of the ISO 9241
standard, usability refers to how efficiently, effectively and pleasantly the user can use the
product in a certain environment to reach a certain goal. It is stressed in the standard that the
context must always be taken into account when evaluating usability. (SFS-EN, 1998) The
following figure presents usability asit is seen in the 1SO 9241-11 standard.
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Figure 2. Usability model presented in the 1SO 9241-11 standard (SFS-EN, 1998).

There are contradicting views of how learnability relates to usability. Some researchers
consider ease-of-learning to be a sub concept of ease-of-use. Others see those two as competing
attributes that can seldom be fulfilled at the same time. A third group sees ease-of-learning as
an attribute that covers the whole usage process; product can be easy-to-learn for beginners but
also for experienced users if it constantly assists the experienced user to find new, more
efficient waysto work. (Sinkkonen, 2000, pp. 15-16)

In this study, we look at learnability from the perspective that was presented first; we consider
learnability to be a sub concept of usability. We consider learnability to relate mainly to the
initial learning process whereas usability covers the whole life span of the product. We aso
recognize that different usability attributes may place contradicting requirements on usability;
for example, improving learnability may call for simplicity and improving efficiency may call
for more shortcuts, abbreviations, and more functionality. We could also have included into the
definition of learnability the aspects of re-learning functions after a period of not using them, or
continuous learning that refers to experts learning to use new functions. However, to delimit the
subject, we decided to concentrate on the initial learning process.

Elliott et al. (2002) have discussed the relationship of learnability and usability in their
publication. They refer to several studies that have indicated that the concepts of learnability
and usability are strongly related and even congruent. Roberts & Moran (1983), for example,
found that procedural complexity underlies both the performance of experts and the learning of
novices. Whiteside et al. (1985) have aso stated that the concepts of usability and learnability
are congruent. Based on these studies, Elliott et al. (2002) made the conclusion that elements
from models for usability can be adopted to models of learnability as well. However, may other
researchers (e.g. Paymans et al., 2004) have noted that sometimes learnability and usability
may be contradicting and issues that improve learnability actually reduce usability. Therefore,
the conclusion made by Elliott et al. (2002) is an interesting one.

Learnability as a usability attribute. Despite the problematic relationship of learnability and
usability, learnability has been classified as a sub attribute of usability by several researchers.
Jacob Nielsen (2003, p. 26) presents five sub attributes of usability: learnability, efficiency,
memorability, errors, and satisfaction. In the SUMI (Software Usability Measurement
Inventory) questionnaire, usability has been divided into the sub attributes of learnahility,
efficiency, affect, helpfulness, and control (Kirakowski, 1996). In another questionnaire,
WAMMI (Website Analysis and MeasureMent Inventory), usability has been divided into five
atributes.  attractiveness, control, efficiency, helpfulness, and learnability (Chambers &
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Connor, 2001). Dix et a. (1993, p. 131) in turn divides usability into the three attributes of
learnability, flexibility, and robustness. Lin et a. (1997) list eight attributes: compatibility,
consistency, flexibility, learnability, minimal action, minimal memory load, perceptual
limitation, and user guidance.

Learnability and product acceptance. Jacob Nielsen (1993, pp. 23-26) has associated the
concept of usability with the wider context of product acceptance. The following figure,
adapted from Nielsen (1993, p. 25), clarifies the relationship of factors contributing to system
acceptability. Learnability and its top-level concepts have been highlighted in the figure.

Social Utility
acceptability

Easy to learn

Efficient to use

Easy to
remember
Few errors
C atibilit
oY Subjectively
Etc. Reliability pleasing

Figure 3. Attributes of system acceptability, presented by Nielsen (1993, p. 25)

Learnability Versus Efficiency

When designing complex systems, it is important to address both the learnability and the
efficiency attribute. Users face learnability issues when they start to use the system, but most of
them develop into an expert for whom efficiency is the most important learnability attribute.

Designing for both lear nability and efficiency. Jacob Nielsen (1993, p. 41-42) has stated that
fast learning and efficiency are not contradicting goals. On the contrary, a system that is easy to
use is often also good for a professional user. For example, adding labels for fields is especially
useful for a novice but labels do not cause harm to an expert user either. (Nielsen 1993, p. 42)
Sinkkonen, Kuoppala, Parkkinen, and Vastaméaki (2002, p. 266) have added that if the
functioning of the system is incoherent, terms inconsistent and the user interface unclear, a
novice as well as an expert user may make mistakes when using it.

On the other hand, several authors have also speculated on the possible negative effect of
learnability improvements on the performance of experts. Goodwin (1987), for example,
reminds that novice users do better with a simple interface, but expert users benefit from
complexity. Thus, the benefits of complexity must be balanced against the cost of making
errors. Another example of a user interface design solution that improved learnability but
deteriorated efficiency was found in a study by Paymans et al. (2004) addressing context-aware
user interfaces. The outcome of the study was that presenting conceptual information to
learners helped them to understand the device better but made them score lower in a
performance test.
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To avoid negative effects on efficiency when aiming at improving learnability, all design
solutions should be compared to the requirements of both novice users and experts.
L earnability improvements that cause additional steps into the task sequence or otherwise make
the task more time-consuming should not be implemented if the efficiency requirement is
important. However, learnability improvements should not be feared either, because may of
them will improve the performance of both novices and experts.

L earnability and efficiency on the learning curve. The following figure clarifies the goal of
designing for both learnability and efficiency. If the system were optimized for only one of
those attributes, some part of the learning curve would be unnecessarily low, but if both are
taken into account, the learning curve is maximally high.

A
Use proficiency
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.
— »
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Time

Figure 4. Learning curve. Adapted from Nielsen 1993, p. 28 (the solid curve was added).

Learnability can be connected to the left part of the learning curve. For systems having good
learnability, the learning curve rises steeply from the beginning, which means that use
proficiency develops quickly over time. For systems having poor learnability, the learning
curve stays on alow level for a certain period of time, which means that proficiency develops
very slowly. Efficiency is usually considered to refer to the right part of the learning curve.
Usability can be considered to encompass the whole learning curve, and good usability means
that the learning curveis high at all time instances. (Santos & Badre, 1995)

Aspects of Learnability

Learnability studies have often concentrated on the effect of user interface design on
learnability (see e.g. Lin et a., 1997; Elliott et a., 2002; Santos & Badre, 1995). Naturally, the
user interface is crucial for learnability as the link between the user and the system is
essentially the user interface.

However, in addition to considering the effect of the user interface, the system structure affects
learnability on a deeper level as well. The deeper level means the system structure that includes
the scope, underlying concepts, and basic functionality of the system. These are often designed
before even starting to design the user interface. For software applications that have been
available for several years or even more than a decade, the scope, underlying concepts, and
basic functionality may have remained almost the same during the years. The user interface has
probably followed the trends and standards in user interface design. However, the system
structure has a profound impact on the experience of a user that is not familiar with the system.
If the system structure differs radically from the systems that the user is familiar with, he faces
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difficulties when trying to understand and use the new system. This separation between user's
expectations and the actual system structure can be explained by using the concept of mental
models.

In order to have an understanding of the learnability of a system, it is also necessary to
understand the basics of the human learning process because its characteristics will have a
profound impact on the learning result. In the case of Tekla Structures, this is even more
important, because aimost all new users attend a basic training course. Information on the
dynamics of the learning process can be utilized when analyzing the training and its effect on
the learning results.

In this study, we concentrate on analyzing the three aspects that were mentioned above. The
aspects are later referred to as user interface, system structure, and training. The following
figure illustrates our approach to learnability.

Learnability
How quickly and pleasantly a new user can begin
efficient and errar-free interaction with the system

Llser System

interface structure Training

Figure5. Learnability aspects.

The fact that learnability research has often concentrated on the effect of user interface design
aone probably arises from the traditions of usability research. Learnability is considered a
usability attribute and usability attributes in turn are connected with user interface design. It has
been recognized by some researchers (e.g. Lin et al., 1997) that user interface learnability is
closely connected to the human learning process as well, or that learning causes changes in
mental models of users. However, these issues have not been commonly included in
learnability studies but have been researched separately by pedagogical and cognitive scientists.
In this study, we aim at taking the user interface, differences between the mental models of
users and the system structure, as well as user training equally into account.

2.2 Learnable User Interfaces

Theories of User Interface Learnability

The user interface is an important factor in determining the learnability of a system, even
though not the only one, as stated in the previous chapter. Several researchers conceptions of
issues that affect user interface learnability are presented in this chapter.

Classifications of learnability factors. Dix et al. (1993) have presented five principles that
support learnability. The principles are predictability, synthesizability, familiarity,
generalizability, and consistency. Unfortunately, Dix et al. do not tell how these five principles
were constructed. Another set of five principles supporting learnability was constructed by
Haramundis (2001). Her classification was originally meant to describe learnable instructional
documents, but it can be applied to computer systems as well. The adjectives that she considers
to describe learnable material are memorable, logical, reconstructible, consistent, and visual.
Following either of these sets of principles will help to design learnable user interfaces. The
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principles are on a very abstract level, however, and applying them to real systems probably
requires some expertise on usability issues.

Elliott et al. (2002) present one more abstract conceptualization of learnability, but they bring it
to a more concrete level by providing examples of user comments and observations on which
the conceptualization has been based. The four factors that they found to determine the
learnability of a system were transparency of operation, transparency of purpose,
accommodation, and accomplishment. Several sub-factors for each of the four factors were also
presented. There are causal relationships between the factors: transparency of operation and
purpose lead to accommodation, which is a determinant of the sense of accomplishment.

According to Elliott et al. (2002), their conceptudization of learnability is not necessarily
domain-independent as it was acquired by researching only hypermedia authoring systems.
However, it is one of the rare conceptualizations of factors affecting learnability and therefore
valuable. In this study, we strive to present a corresponding classification for the learnability of
abuilding modeling system.

Guidelines for learnable user interfaces. In addition to conceptualizations that present
learnability as consisting of a set of sub factors, several researchers have presented guidelines
for designing learnable user interfaces. Rieman, Lewis, Young, and Polson (1994) have
stressed the importance of consistency in determining the learnability of a user interface. They
presented four guidelines for designing user interfaces that follow this consistency principle.
Analogies should be used but only if they are inside the context of the program or its class;
graphical cues should be provided that indicate the categories that have similar functionality;
labels should be designed to link the control to its effect; and clear and immediate feedback
should be provided. Green and Eklundh (2003) that studied the learnability of human-robot
communication in turn stress the naturalness of interaction in determining learnability. They
wrote that different user interface should use similar interaction strategies in order to facilitate
easy transfer of learning, immediate feedback that may happen in a conversational sequence is
necessary, and lifelike characters should be used by the robot as they enable even a first-time
user to understand the messages of the robot.

Checklists. Several questionnaires and checklists exist that are designed to support the analysis
of system usability or learnability. The questionnaires and checklists may include various user
interface items and requirements for how they should be designed to be learnable. In the Purdue
Usability Testing Questionnaire (see Lin et al., 1997) for example, learnability has been
addressed through seven questions. The questions present a concrete though a rather narrow
framework for learnability. The questions for evaluating system learnability are:

Doesit provide clarity of wording?

I's the data grouping reasonable for easy learning?

Is the command language layered?

Is the grouping of menu options logical ?

Is the ordering of menu options logical?

Are the command names meaningful ?

Doesit provide no-penalty learning?

Connections between theories. It can be concluded that several conceptualizations of factors
affecting learnability exist. They al have issues in common, but as they have been constructed
for different domain applications and with different experimental setups, the classifications are
partly different. Differences may also arise from different terminology being used for nearly
same issues. For example, the learnability factor of predictability presented by Dix et al. (1994)
is very close to the transparency of purpose presented by Elliott et al. (2002). It can also be
noted that both Rieman et al. (1994) and Green and Eklundh (2003) included immediate
feedback in their guidelines. The importance of feedback can be easily reasoned and has been
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proved in many studies, but we have noticed that in practice, systems often neglect to provide
enough feedback, and therefore the need for feedback cannot be stressed too much.

Elements that Support User Interface Learnability

Following usability guidelines. As Elliott et a. (2002) and Whiteside et a. (1985) among
others have stated, learnability and usability are congruent. Many researchers have classified
learnability as one of the usability attributes (see section 2.1). Therefore, it can be assumed that
following common usability principles will also improve the learnability of a system. An
example of well-known used usability guidelines are Nielsen's ten heuristics (see Nielsen,
1993, p. 20). Some of the heuristics, such as simple and natural dialogue, speaking the user's
language, consistency, feedback, and preventing errors, can be understood to affect learnability,
and therefore following the heuristics can be reasoned to improve learnability as well.
Shneiderman (1998) presents a corresponding checklist, eight golden rules for usability.
Consistency, feedback, error prevention were mentioned by him as well as by Jacob Nielsen
(1993, p. 20).

Following learnability guidelines. Some classifications of learnability factors were presented
above. They can be used for analyzing and improving the learnability of a system. Rieman et
a. (1994), for example, emphasized consistency as a learnability principle and presented four
guidelines for supporting consistency in user interface design. Green and Eklundh (2003) in
turn emphasized the naturalness of interaction. They stated that different user interfaces should
use similar interaction strategies and that the system should give a sufficient amount of
feedback to the user. The four learnability factors presented by Elliott et al. (2002) can aso be
compared to the user interface design. The user interface elements that do not conform to the
factors may need to be redesigned.

Van Welie, van der Veer, and Eliens (1999) have presented a layered model of usability that
contains four levels: the usability level, the usage indicator level, the means level, and the
knowledge level. According to them, learnability is one of the usage indicators that can be
observed when the user is working with a system. They present two means for improving
learnability: consistency and task conformance. Consistency means that similar elements are
treated in a similar fashion. Task conformance means that the system supports the tasks that
users would like to do with it and does it in an understandable manner.

User support. In addition to designing user interface elements to follow the guidelines for
usability and learnability, several support methods can be used to aid the learning. The support
methods may be separate from the user interface itself.

One method for supporting the learnability of the user interface is to integrate user support
functions into the user interface elements. There are several possible solutions for this, ranging
from messages, tooltips, and balloons to online help systems that are directly accessible from
the user interface. Dix et al. (1993, p. 403-405) has addressed several issues that are relevant to
integrating user support into the user interface. One of the issues is especially important for the
system that this study concerns. As there are big differences in the skill level of novices and
experts, there is a danger of the user support suitable for a novice to be obtrusive to an expert.
Dix et a. (1993, p. 404) suggests that there should always be the possibility to turn the user
support on or off. This idea could be developed further by providing separate advanced and
beginner modes that provide different levels of support. McKita (1988) stresses the importance
of user analysis in developing support systems that are appropriate for the user group in
guestion.

John M. Carroll and Caroline Carrithers (1984) introduced the concept of "training wheels" for
supporting learning. In atraining wheels user interface, advanced menu options and commands
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are not available in the beginning of the learning process. If the user tries to access them, he
gets a constructive message that tells that the command is not available on the training system
and possibly gives instructions for continuing with the task that the user had started to do. The
training wheels interface was observed to shorten the learning time, as the users did not need to
spend time with recovering from some common errors related to the advanced functionality of
the system.

Methods for Evaluating User Interface Learnability

Next, we present some research methods that have been used for addressing the learnability of
user interfaces. There are studies that aim at measuring learnability with quantitative attributes
such as task time and number of errors. Quantitative attributes can be used determining whether
the system meets predefined learnability criteria, for comparing different designs, or for
comparing software applications. There are also qualitative observational studies that aim at
finding the issues that affect the learnability of a system or noting the issues that should be
changed to improve learnability.

Time and error measurements. In a study by Butler (1985), learnability was operationalized
by preparing a test task, equipping users with a manual, and asking them to proceed through a
task. Time and errors were measured, and an acceptable level was defined to be less than 180
minutes average time for completing the task and no users encountering problems that they
could not solve by themselves.

In another study presented by Roberts and Moran (1983), learnability was studied by teaching
users individually and, after each topic, testing whether users could perform the task
individually. The tasks that users could perform were counted. If a user performed a task
incompletely or had to look at instructions, half a credit was given. A learning score was
calculated by dividing the amount of time taken for the learning session by the number of tasks
users could perform.

Quialitative observations. If the goal of the experiment is to find issues that support or hinder
learning, a qualitative user observation may be the most suitable. The experiments done by
Elliott et al. (2002) that were described in the previous section are an example of qualitative
observational studies. Another example of a qualitative observational study is the learnability
test organized by Dykstra-Erickson and Curbow (1997). They wanted to evauate the
learnability of a document management system to improve its design. They asked ten users to
work through 39 tasks and based on the observations, they could identify things that users
considered easy or difficult to learn.

Carroll and Carrithers (1984) describe one more learning study. They aimed at assessing the
concept of training wheels. They executed the test by bringing the subjects to use word-
processing software that they had never used before and asking them to learn it by reading a
self-study manual and type in a certain text as fast as possible. Carroll and Carrithers report that
their experimental approach was observational concentrating on the qualitative differences
between the learning events with and without the training wheels functionality. However, they
also measured time and errors and used this information to analyze learning differences further.

Longitudinal studies. Jacob Nielsen (1993, pp. 29-30), suggests that system learnability
should be evaluated with a longitudinal study containing several observational events. His
approach to evauating learnability was already discussed in section 2.1. Santos and Badre
(1995) aso recommend evaluating learnability over an extended time period. This is necessary
in order to assess a sufficiently long part of the learning curve. Evaluating learnability by
observing only first-time users produces results mainly on the intuitiveness of the system and
does not give a holistic picture of learnability.
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It can be concluded that learnability has usually been researched by either doing quantitative
measurements on time and errors or qualitative observations on user behavior, or a combination
of these both. Not all researchers have organized longitudina studies, but it would be
advisable.

2.3 Mental Models

Theory of Mental Models

To make a complete assessment of system learnability, we need to consider also the internal
processes of the user and evaluate how closely the system matches users expectations.
According to experts (e.g. Kellogg & Breen, 1988), the closer the actual system structure
matches users internal representation of it, the less errors users will make. We approach the
issue of comparing users expectations and actua system structure through the concept of
mental models.

Concept of mental model. Mental models are internal representations of entities with which
we interact. According to Robert Fein, Gary Olson, and Judith Olson (1993), mental model of a
computerized system may contain information on system functionality, components of the
system, how each component influences each other, related processes, and their interrelations.
Borgman (1999), among others, suggests that the theory of mental models can be used to
explain the cognitive mechanism for representing and making inferences about a system when
learning to use it.

The concept of mental model was introduced in the beginning of 1980s (Halasz & Moran,
1983). It is nowadays widely used by human-computer interaction experts (Borgman, 1999).
The term conceptual model is also sometimes used to refer to the same idea (see e.g. Chandra
& Blockley, 1995). At other times, the term conceptual model is used to refer to the underlying
system model that should be communicated to the learner (see e.g. Shayo & Olfman, 1998). In
this study, we use the term mental model to refer to an internal representation, and the term
conceptual model to refer to the underlying system model.

Shayo and Olfman (1998) have identified three purposes for mental models concerning system
structure. They base their proposal on a literature review. Firstly, mental models guide the user
in planning the behavior of the system. Secondly, they help the user interpreting the behavior of
the system. Thirdly, they help the user to form accurate mental models that he can use to
perform correctly in a problem situation. If mental models really help in all these issues, which
we believe, it isimportant to support correct mental model formation.

Learning as a change of the mental model. Learning can be viewed as a process in which the
user processes information and as a result, his mental model changes. According to Chandra
and Blockley (1995), mental models are based on knowledge that is obtained from outside
sources, on observations and experiences that a human has, or on a combination of these two.
Mental models change constantly when knowledge, observations, and experience are gained.

The concept of mental model is especialy useful in explaining how humans learn to use
complex systems. Such system may contain hundreds of functions and using each function may
require dozens of steps. A brute memorization of all the steps would be an enormous cognitive
task. However, as the user learns some general operating principles for the system and learns to
use certain functions, he will form a mental model that helps in memorization and generalizing
the knowledge to new functions. (Halasz & Moran, 1983)
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Erroneous mental models. The learner has a mental model of the system even before he starts
to use the system. However, the mental model is often very imperfect. This hinders the learning
process and causes errors, as the user expects the system to perform differently than it actually
does. (Kellogg & Breen, 1988) However, users may have incorrect mental models even after
they have used the system for a certain period. Firstly, the incorrect assumptions can remain as
a part of the mental model if they are not replaced by new information. Secondly, according to
Vosniadou (1996), misconceptions can also develop during the learning process. The learner
may try to combine incorrect assumptions with contradicting new information. The
assumptions can result from previous experiences that are actually not applicable to this
situation but the learner assumes they are. When the learner combines the assumptions with
new information, he produces a synthetic mental model that explains the contradictions in a
wrong way but creates an illusion of a complete mental model.

Elements that Support Correct Mental Model Formation

Designing for mental models. A fundamental method for improving the match between users
mental models and the system structure is to research user needs, preconceptions, and
terminology that is familiar to them before designing the system. The system structure,
functionality, and terminology should be designed to correspond to users expectations for it.
Thiswill lead to less learning difficulties and less errors during the learning period. (Kellogg &
Breen, 1988)

Communicating the conceptual model to the user. Sometimesit is not possible to design the
system according to the user’s mental model but the underlying conceptual model of an
existing system should be conveyed to the user. It is stated in the part 10 of the ISO 9241
standard that the user should be able to obtain information on the model on which the
application is based. The following citation is taken from the standard:

"Rules and underlying concepts which are useful for learning should be made available to
the user, thus allowing the user to build up his’her own grouping strategies and rules for
memorizing activities." (SFS-EN, 1998)

One method for making the conceptual model of the application explicit is using metaphors
from the real world (Nielsen, 1993, s. 127). Well-known examples of this strategy are user
interface windows, folders, and desktops. They have been developed to correspond to real
world items, even though few people associate them with those any more. (Sinkkonen et al.,
2002, s. 252) Also making the relationships between user actions, phenomena, and results
visible helps the user to understand the conceptual model of a system. In addition, the user must
be given feedback about his actions, in order for him to be able to adjust his conceptual model
correctly. (Sinkkonen et al., 2002, p. 287

Providing explicit conceptual models. However, there has been discussion on whether users
build a mental model spontaneously with the help of hints given by the user interface, or
whether they should be provided conceptual explanations that can serve as a basis for a mental
model (Borgman, 1999). Severa studies have indicated that providing an explicit conceptual
model to learners improves learning results. Fein et al. (1993) studied users learning to use a
complex ecosystem modeling system. They noticed that it is useful to provide the user textual
or graphical information on the conceptual model of the system. Users that read a document
describing the hidden interactions in the system before learning to do tasks with it performed
better in control tasks than users that learned to use the system with rote memorization of
procedures. In addition to comparing the conditions with or without conceptual models, Fein et
al. (1993) tested two kinds of models: an explicit model containing some facts about the hidden
interactions, and a full model that described the dynamics of the ecosystem in the form of a
story. These two models caused no difference in learning results.
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Sein and Bostrom (1989) in turn compared abstract models that present the system as a
relational structure such as a schematic diagram and analogical models that present the
structure of a known object and show how it relates to a new object. They found dependencies
between certain learner characteristics (abstract versus concrete learners) and the type of
conceptual model that learners preferred. Another study that compared different kinds of
conceptual information was done by Shayo and Olfman (1998). They compared conceptual
information that was presented in a narrative form to one that was presented as a table
containing action verbs and system functions. However, their study did not revea significant
difference between those types of information.

It can be concluded that there are several methods for presenting a conceptual model to the user
when he is learning to use the system. If the user interface communicates its structure to the
user through analogies, metaphors, textual information, or descriptive visual design, the need
for a separate document describing the conceptual model diminishes. As stated above, mental
model formation can, however, be supported by providing explicit mental models to the user.

Methods for Assessing Users' Mental Models

Information on the mental models that users have before using the system or after being trained
to useit is beneficial for improving the system and for planning training activities. However, as
mental models are internal representations of entities, it is not easy to get information on them.

Multiple techniques have been introduced for studying users mental models. Next, we present
some of the techniques. According to Kellogg and Breen (1986), the technique for deriving the
model is critical, as different techniques will produce different information on mental models.

User observations. It is possible to use the traditional usability testing techniques such as a
scenario-based test with think-aloud protocol for researching mental models. The comments
made by the user will reveal some details of his mental model. Errors made by the user can be
assessed to find the differences between the user’s mental model and the model corresponding
to the system. Users can be observed in their work environment and usage scenarios can be
formed with the aim of understanding the goals, concepts, and terminology of the users. Users
can beinterviewed to hear the terminology they use. (Sinkkonen et al., 2002, p. 245-247)

Free association. It is also possible to use specialized tasks to collect information on mental
models. Nielsen (1993, p. 127) suggested that users could be asked to associate concepts freely,
beginning from the system and getting to terms that are related to it. The concepts that are
mentioned after each other are expected to reside close to each other in the user’'s mental
model.

Hierarchical clustering analysis. Kellogg and Breen (1986) suggested a method called
hierarchical clustering analysis for studying mental models. In their study concerning a text
editing system, participants were asked to group system functions that were written on index
cards. The grouping was compared with the actual system structure. The study reveaed that the
experts grouping was closer to the system structure than novices grouping.

Teachback procedure. Van der Veer and Bamossy (1990) researched the mental models that
students had after being taught to use different operation systems. They had an interesting
experimental method: they asked students to explain to an imaginative friend how to perform a
certain task with the system. This method provided information on the style and level of
representation as well as completeness and correctness of mental models that the students had.
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Quizzes. Paymans et a. (2004) reported on assessing mental models with a paper-and-pen
quiz. They studied the learnability of context-aware user interfaces and wanted to determine the
effect of user support on mental model formation. Users were divided in two groups, with and
without user support. They were asked a set of questions that measured the degree of
understanding the users had about the interface. The questions were asked before and after
interacting with the system.

It can be concluded that there are various methods for studying users mental models. They all
aim at making users' thoughts explicit. This requires creativity, because it is not necessarily
easy for users to verbalize their thoughts. If information on a certain aspect of their mental
models is needed, a research method that addresses the particular issue needs to be designed.

2.4 Human Learning Process

Theories of Learning

To understand the requirements for a learnable system, efficient training methods, and good
instructional documents, we now discuss the learning process of humans. Multiple theories of
learning exist, developed by different schools of scientists. Some of the theories overlap partly
with each other. The constructivist theory that is based on cognitive science is nowadays
widely accepted (Lonka & Lonka, 2001) and it is also a good foundation for analyzing the
learning process of Tekla Structures users. Next, we present the foundations of the
constructivist learning theory and describe briefly some other learning theories.

In section 2.3, learning was defined as a change in the mental model of a user. The theories of
learning described below, e.g. the constructivist theory, and the theory of mental models, are
actually different aspects of the same issue. The learning theories described below describe the
dynamics of the learning process mainly from a pedagogica point of view, whereas the theory
of mental models is closer to cognitive science and looks at the learning process from an
internal perspective.

Constructivism. Constructivism is based on the cognitive learning theory that emphasizes the
internal thought processes of the learner as opposed to the externa stimuli emphasized by
behaviorism (Sinkkonen et al., 2002, p. 269). Constructivism adds to the cognitive theory by
stating that knowledge is never independent of the human that has the knowledge and the
situation where the knowledge was acquired. According to constructivism, the learner adopts
knowledge and combines it with his previous knowledge to form a more accurate model of the
subject. Constructivism contains many different research orientations, such as individual
constructivism that stresses mental processes of individuals and social constructivism that
stresses group interaction for defining concepts (Marton & Booth, 1997, p. 6-8, 12).

Constructivism has many implications to teaching and pedagogy. The learner is seen as an
active information processor. The previous knowledge of the learner is the basis for learning
new things and the context of learning affects the learning result. A requirement for effective
training is that the instructor takes the previous knowledge of the learners into account by
building links between the old and new information. (Sinkkonen et al., 2002, p. 269) The
process of accommodating new information is different for each learner and therefore learners
are encouraged to develop their own learning strategies. As facts must be combined with
existing knowledge, understanding is viewed as a better learning strategy than memorizing, and
problem solving is more effective learning strategy than rote learning of facts. As
constructivism sees learning and knowledge individualized and relative, different
interpretations of facts are accepted and even valued. The goal for all learning is knowledge
that can be transferred to different situations. (Tynjél&, 1999, p. 60-67)
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Other learning theories. One of the older research branches is behaviorism that was popular
until the 1950'. It viewed learning as a result of external factors and stated that learning could
be controlled with reinforcement and punishment (Marton & Booth, 1997, p. 5). One of the
problems of the behaviorist conception is that it sees learning mainly as transformation of
information and not active processing of it (Tynjag, 1999, p. 29-31).

The information processing theory started to get popular in 1950's. It views the human learning
process comparable to computers' information processing functionality. The theory stresses the
path of information through the memory stages: first information goes to the sensory memory,
then some of it goes to working memory for further elaboration, and sufficient repetition or
active processing may cause it to be stored in long-term memory. The information processing
theory has stressed repetition as an effective teaching method. The contradiction between the
repetition method and most teaching events is that in the latter, the aim should be not to learn
single facts by repeating them but to connect the material to existing knowledge so that it can
be applied in awide variety of situations. (Tynjaa, 1999, p. 31-37)

Recently, humanistic psychology has brought its views to learning theories. Humanistic
psychology contains many orientations. In general, humanistic psychology stresses the
particularity of each person and the goal of self-fulfillment. It suggests that the learning process
should contain creative exploration and self-reflection of the learner. (Sinkkonen et al., 2002, p.
269)

Elements of Skill Learning

Learning skills differs from learning knowledge in many ways. In this section, we discuss some
elements that are necessary in the skill learning process. acquiring conceptual information,
practicing procedura skills, and practicing error recovery. There are many other issues that
could be discussed here too, but on the basis of a literature review, we selected these three
central issues.

John R. Anderson has divided skill acquisition into three phases that support the notion of
conceptual knowledge and procedural skills being interrelated. He defined the first phase of
skill acquisition to be the cognitive stage. The learner stores to memory a set of facts that are
relevant to the skill. In the second phase that is called associative stage, the learner starts to
form the facts into a procedural model. The procedural model contains step-by-step instructions
for performing a certain action. In the third phase that is called autonomous phase, the
procedure becomes more automated and rapid and in the end require very little processing
resources. In short, conceptual knowledge develops into an efficient skill when it is practiced.
(Anderson, 1980, p. 273-275)

Acquiring conceptual information. The constructivist conception of learning was presented
above: learning means acquiring new information and combining it with previous knowledge to
form arevised model of the subject to be learned. As we have taken this theory as the basis of
our research, we have to consider the fact that learning requires active processing of
information to adopt it as a part of the mental model. For skill learning, this means that mere
repetition of a procedure is not enough but the conceptual background needs to be understood
aswell. Many authors have recognized this issue (see e.g. Shayo & Olfman, 1998; Everingham
& Brown, 1986)

Combining conceptual knowledge and procedural skills is especially important in learning
information technology. Using information technology generally requires remembering alot of
terminology, keyboard commands, and action sequences. It is much easier for a human to
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remember details that are related to athematic entity and connected to existing knowledge than
to remember disconnected facts. (Lonka & Lonka, 1991, p. 99-100)

One type of conceptual information concerns the techniques for basic interaction with the
system. To start a successful learning process, learners need to know how to communicate with
the system and how to interpret the responses. This information should be understood on a
conceptual level even though it should also be practiced with the real system. The techniques
for basic interaction are intuitive for an expert user but not for a novice. (Vanderlinden,
Cocklin, & McKita, 1988)

Practicing procedural skills. From the phases of skills acquisition that John R. Anderson
defined (see above) we can deduce that skills must be practiced in order for them to fully
develop. Thus, to learn to use a system, the skills must be practiced by doing tasks on a
computer. Predefined exercises can be used to guide practicing.

A problem with doing exercises in general is that if the task aways has similar structure, the
user may learn to solve only problems that are structured in a certain way. The problems that he
will encounter in a real work situation will be profoundly different, however. To avoid this,
different kinds of exercises could be used and the exercises should be designed to resemble real
work situations as much as possible. (Koli & Silander, 2002, p. 37)

One of the traditional exercise types consists of step-by-step instructions that guide the learner
in doing a task. Another approach is the explorative learning strategy with a relatively free-
formed learning process. Next, we describe these two approaches in more detail. In redlity, the
learning strategy may naturaly be situated somewhere on the continuum between the
explorative learning strategy and structured learning with step-by-step instructions, or these two
can be mixed.

According to Wright (1988; in Helander p. 636), step-by-step instructions can serve as an
example that the user remembers and applies later. Everingham and Brown (1986), for
example, report on successfully using the step-by-step instruction method. However, step-by-
step instructions can also lead to non-optimal learning strategies. As Gay Vanderlinden and his
research colleagues have observed, "most users simply follow them by rote, passively, and, asa
result, learn how to successfully use the tutorial, not the system" (Vanderlinden et a., 1988). To
avoid this, learners should be encouraged to analyze their actions and work for building a
complete understanding of the system

In the other end of the continuum, we have the explorative learning strategy. John Rieman
(1996) defined the term 'exploratory learning' as a process in which the user investigates the
system on his own initiative, often in pursuit of areal or artificial task. John M. Carroll and his
research colleagues have done research on exploratory learning and have developed a material
type called 'minima manua' (see Carroll, 1997). Support for guided exploration and error
recognition and recovery are key components in minimal manuas. Minimal manuals are
usually much shorter than traditional manuals. However, there are also shortcomings in the
exploratory learning strategy and guided exploration material. For example, as the guided
exploration material does not contain very detailed information, some users have been observed
to fill the gaps with their incorrect expectations (Carroll, 1997). In addition, if the instructional
material contains only short directions for self-exploration like the minima manual does,
learners may need help from another person or documentation. (Koivulahti-Ojala, 2001, p. 86-
88).

Practicing error recovery. Novice and even expert users frequently face problems and make
errors while interacting with a system. It is often considered as a desirable goa to avoid errors
when learning to use a system (Frese, Brodbeck, Heinbokel, Mooser, Schleiffenbaum, &
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Thierman, 1991). However, avoiding errors is not necessarily the best learning strategy but
learners should acquire the abilities to cope with errors.

Frese et a. (1991) have done a study in which they compared the performance of users that
were guided during the learning process to avoid errors and users that had practiced to manage
errors. Error management had been practiced by doing a series of tasks that were relatively
difficult and almost unavoidably led to making errors, and then working to fix the errors. In a
performance test after the learning session, it appeared that users that had practiced to manage
errors could complete alarger percentage of tasks than the other group.

According to Lazar and Norcio (2003), conceptua information can also help the user to recover
from errors. In addition, exploring the system without step-by-step instructions may be useful
for the same purpose, as it encourages learners to solve problems on their own or by referring
to available material.

Supporting the Learning Process with Training

Elements of skill learning. The three elements of skill learning must be present in al training
sessions. In the following three paragraphs, we discuss how these elements can be integrated
into the training course in practice.

The first element, conceptual information, must be delivered to learners by the instructor.
Different types of conceptual information were described in section 2.3 and a suitable one
needs to be chosen for the training. The conceptual information also needs to be integrated with
other components of the training in afeasible way. Everingham and Brown (1986) gave in their
article a practical account of computer training arrangements in the Michigan State University.
They noted that conveying basic concepts to students is necessary even though not always easy.
In the training they described, a brief overview of each command was aways given before
demonstrating a command in practice, and hands-on exercises were occasionally suspended to
deliver conceptual information. Training material also contained explanations for concepts.

The second element, practicing procedural information, is usually best supported by providing
the learners with exercises. The best exercise type may be found somewhere between the two
extremes of step-by-step instructions and exploratory learning strategy (see descriptions
above). The level of guidance that is needed depends on the characteristics of the learners, the
subject to be learned, and the nature of the training course.

It is also useful to practice error management in training. As was mentioned in the previous
section, various methods can be used to do this. In a study concerning the effectiveness of
training methods for teaching users to recover from errors, Lazar and Norcio (2003) noticed
that error management training that concentrates merely on managing errors is not necessarily
the best training strategy, but including some activities related to managing errors leads to
better learning results. Lazar and Norcio (2003) found the guided exploration training that does
not aim at avoiding errors but does not concentrate merely on errors either to produce best
learning results. In addition to including problem solving tasks in the training, error recovery
can be supported by e.g. including rescue information in training material, introducing al the
reference material that is available, presenting methods to find relevant information, and
explaining the most common causes of errors and waysto recover from them.

Focus on task sequences. The organization of training topics should be logical and proceed
from easy ones to more difficult. According to Koivulahti-Ojala (2001, p. 113), training should
start from the basic tasks and advance to the tasks that are dependent on the basic tasks. Users
must be able to understand the material on the basis of what they have learned earlier in the
training. In addition, training should be organized functionally rather than structurally, which
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means that it draws from the task sequence of the user and not the internal structure of the
system. This sounds self-evident but in practice, it has often been forgotten.

M eeting the needs of users. It isimportant that training content corresponds to tasks and needs
of users. McKita (1988) stresses the importance of user analysis (gathering demographic data)
and task analysis (identifying major tasks and learning phases) for planning the content of
instructional documents or training. Ryan Nelson, Ellen Whitener, and Henry Philcox (1993)
have presented a framework for assessing the training needs of individuals, subunits, and
organizations. This framework suggests that the characteristics of each learner, their tasks, and
the organizational culture should be addressed when planning the contents of training.

The importance of assessing user needs is especialy true when it comes to adult learners.
Sheila Kieran-Greenbush (1991) has noted that an important characteristic of adult learnersis
self-directedness. adult learners attend to what they feel relevant to their needs and neglect
issues that are not salient to them. If user needs have not been researched, adult learners will
most probably note the discrepancies between their needs and training contents.

Shayo and Olfman (1993) have done research on the effect of motivation on software training
and software usage after the training. Interviews that they conducted with 19 users led to
several recommendations for trainers. One of the recommendations was that users should be
involved in defining the learning goals because that will improve the match between their
expectations and the actual course contents and lead to a rise in motivation. As noted above,
adult learners may be so confident of their needs that they will skip the issues that they feel are
irrelevant to them (Nelson et al., 1993). If the learners feel that the training contents are
consistent with the requirements of their job, they will also more probably continue using the
system after the training (Shayo & Olfman, 1993). The motivational factors may be especially
significant if the learner can either stick with an old system or move to a new one after
receiving training on the new system.

Supporting the Learning Process with Instructional Documents

Severa classifications for types of instructional documents have been presented and we
introduce one possible classification here. Our classification divides materials into these five
groups.

printed documentation,

€l ectronic documentation,

printed tutorials,

electronic tutorials, and

context-sensitive help.

In practice, different material types often overlap; for example, context-sensitive help may be a
part of a complete online documentation. However, it is useful to compare the existing
selection of material that is available for a system to the classifications to get ideas on what
kind of documentation might be missing.

Printed documentation. By printed documentation, we mean a reference document describing
the functiondlity of the system. Traditionaly, as technical devices and software applications
were purchased, the only instructions coming along with them was the printed documentation,
commonly known as a manual. Manuals are suitable for searching information on a certain
aspect of the system or solving problems that have occurred during usage. (Dix et al., 1993,
p.407-408) System features are often described in the order of presentation in the user interface
and processes and tasks get little attention. That makes it difficult to learn to perform real tasks
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with the printed documentation. Printed documentation also seldom contains exercises that are
necessary for skill learning. (Koivulahti-Ojaa, 2001, p. 110)

Electronic documentation. In the computer era, printed manuals have been widely replaced by
their electronic counterparts. Electronic documentation is always available on the computer and
cannot be lost. (Wright, 1988, p. 636-638 in Helander) However, mere transferring of printed
manuals into online form without making any changes is not advisable even though it has been
the most common solution of software vendors (McKita, 1988). To fully exploit the
possibilities of online documentation, hypertext, various media types, and annotation tools
should be added to the documentation (Dix et al., 1993, p. 407-408).

Printed tutorial. Tutorias differ from printed documentation in that they are meant for
classroom training and self-instruction. They can also be referred to later when the user wants
to revise information that he has previously learned. According to Wright (1988, in Helander p.
636), printed tutorials commonly consist of step-by-step instructions for doing task sequences.

Electronic tutorial. The smplest electronic tutorials are essentially printed tutorials transferred
to eectronic form, possibly with some links between related issues added. The most
sophisticated electronic tutorials in turn may contain hypertext information, rich content with
several media types, alternative modules, interactive exercises, and personalized presentation.
These sophisticated tutorials are often referred to with the term e-learning. Between these two
extremes, thereis alot of space for variation. (Vanderlinden et al., 1988)

Context-sensitive help. Context-sensitive help systems use information on user actions and the
interface state to generate appropriate help messages. Context-sensitive help systems are
designed to assist users when they are having problems with the task they are trying to do, as
opposed to training material that is usually designed to teach the user a new skill. (Capobianco
2003) Context-sensitive help may give information on different levels. for example, a short
description of an element that the user is pointing at, description of a dialog box the user has
opened, or extended information on a specific task. The information may be presented in a
separate window or integrated into the user interface. These all levels are necessary as help may
be needed in different situations and learning styles of the users vary. (Preece, 1994, p. 312-
313)

Methods for Evaluating Learning Results

The effect of training on the skill level of users can be measured simply by comparing the skill
level after the training to the skill level before the training. Learnability evaluation methods,
such as observation sessions with measurements for time and errors, can be used to estimate the
skill level. In this chapter, we present some methods that have been used by researchers for
evaluating specifically the impact of training.

Task completion and time. The purpose of the study organized by Lazar and Norcio (2003)
was to compare the effectiveness of three training methods on their ability to find information
on the Web: conceptual training, error, training, exploratory training, and traditional training.
Participants of the study first attended a three-hour training session, each treatment group
receiving one of the four types of training. After that, the participants were given a list of
information gathering tasks and one hour to complete them. As soon as they had completed the
tasks, they turned in an answer sheet to the instructor. The dependent variables addressed in the
study were task performance, which meant the correctness of answers, and task time, which
meant the time that was spent on doing the tasks.

Frese et al. (1991) also used task completion and task time as a measure of the effectiveness of
the training. They compared a traditional training method that aims at teaching correct task
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sequences and error management training that additionally aims at teaching error management
skills. Users were trained with the specific training method for six hours and after that tested
for two hours. In the test, the observer judged how efficiently and correctly users could do tasks
that had been practiced in the training and tasks that had not been practiced. In addition, for
certain tasks, the speed of completion, the number of errors, and the time that was required for
correcting the errors was measured.

Freerecall. The study of Frese et al. (1991), which was described above, also contained a free
recall test. The subjects were asked to state al the commands that they still remembered and
explain for what they were used. The correct answers were counted.

Change in mental models. Olfman and Shayo (1997) in turn compared the effect of two types
of training tasks (one concentrating on the application only and the second connecting it to
other relevant applications) and the number of software packages demonstrated (one or two) on
the learning results and the ability to transfer skills to other similar applications. They assessed
the pre-existing mental model of subjects before the training with quizzes in which subjects had
to both explain some principles of the application and answer ‘true-false’ questions. In addition,
the background of subjects and self-assessment of skills were addressed with questionnaires
before the training. The training consisted of a video shown to the participants and a
demonstration made by the instructor. After the training, the same menta model test was
administered that was aso run before the training. In addition, the self-assessment of skills was
made again. The learning performance was operationalized in terms of changes in subjects
mental models before and after the training.

Interviews. Shayo and Olfman (1993) used the interview method to collect qualitative
information on the issues affecting the effectiveness of training. The subjects of the study were
employees who do part of their job with a computer and they were interviewed about their
latest experience of software training. The interview questions concerned users goals and
intentions, self-efficacy and expectancy, individual characteristics, feedback, and support.
Recommendations for trainers were derived from the comments that users made in the
interviews.

It can be seen that several methods have been used for evaluating the effectiveness of training.
Actually, they do not differ very much from the methods that are used in usability testing.
However, when the effectiveness of a certain training method is studied, another method is
often taken as a reference. When studying the usability of a system, a reference system is not
needed if the purpose is to find the problematic elements in the user interface. The problematic
elements can be directly inferred by observing users. The issues that make training effective or
ineffective cannot be seen as easily. The effect of certain elements in the training is not always
immediate but may produce long-term results.

3 Building Modeling Systems

3.1 Building Modeling Process

Next, we introduce briefly the building modeling process in which the Tekla Structures system
is used. The process involves severa parties such as architects, structural engineers, electrical
engineers, and HVAC (Heating, Ventilating, Air Conditioning) engineers. The building
modeling process starts from the preliminary requirements for the building and continues until
the building is being constructed. The following figure shows a typical construction site. The
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Tekla Structures system was used for the modeling of the steel and concrete structures on that
particular site.

Figure 6. Construction site for the shopping center Sello in Leppévaara, Espoo.
(Phaotograph: Finnmap Consulting Oy, 2004)

The building modeling process is strictly regulated and there are rules that define the
documents that need to be produced in different phases of the process. The phases and the
required documents are introduced in a booklet called Scope of work in structural design (RT
10-10577, 1995) that has been approved by severa associations in the structural design branch
and isfollowed by structural design offices.

According to the aforementioned document, the building modeling process should start with a
requirements gathering phase. In this phase, a preliminary analysis of the existing and required
premises and costs are made. After the requirements gathering phase, a project planning phase
starts and the targeted scale, schedule, costs, and quality of the project are defined. Structural
engineers are usually not involved in these two phases. The third phase is called the conceptual
design phase. In this phase, strength calculations are made for the preliminary plans,
appropriateness of the architectural solutions is estimated, and different solutions for the
skeletal structures are compared. Several different software applications can be used this phase.
It is possible to use a 3D modeling software but also to use other tools in this phase and start
3D modeling later. After the design conceptual design phase, the detailed design phase is
started. In this phase, detailed plans for foundations, skeletal structures, and fabrication are
created. (RT 10-10577, 1995) During the whole process, information is continuously
exchanged between project parties in the form of drawings and reports. The figure below shows
an example of a drawing of a concrete column.



27

— Spessnane .
) ;"  — Tram f o+ T | ey | Y ™ ] p | ™ i T i }
& : o) . ..-p-n-)_lw* | | | »dlnc.t.-d \ | r; r- | '1-‘“‘““’.' - F; : ' | ‘“_._

Figure 7. Drawing showing a concrete column.

A s 4

The tasks of structural engineers are often divided among several employees. Senior structural
engineers may do the preliminary analysis and plan the design, and a junior worker may
produce the model according to the plans.

Research activities aimed at getting a more detailed picture of the phases of the structural
design process are introduced in chapter 4.3.

A recent change that has a profound impact on the work processes of structural engineersisthe
emergence of three-dimensional modeling software. Until now, most structural engineers have
used two-dimensional drawing software, often referred to as CAD software, for doing their
work. Currently, the structural engineering offices are in the migration phase in which some of
their employees have started to use three-dimensional modeling software but others are till
using the old drawing software.

The use of two kinds of tools poses challenges to the exchange of information. The software
applications need to support data exchange with several other applications. The work of
structural engineersinvolves alot of collaboration, which makes this even more important.

Change from the two dimensional drawing paradigm to the three dimensiona modeling
paradigm also makes the learning process challenging. As the nature of the software
applications is different, many operations are performed in a different way and many new
concepts and operations are introduced in the three-dimensional modeling software.

3.2 Tekla Structures Building Modeling System

In this section, the Tekla Structures building modeling system and current training
arrangements for teaching its use will be introduced.

Tekla Structures is a building modeling system that is used for steel and concrete design and
fabrication. The system can be used in different phases of the building modeling process from
the structural analysis and dimensioning to the modeling of details. Tekla Structures is
primarily intended for structural engineers, but it supports exchange of information with other
parties. The job of structural engineers involves creating a three-dimensional structural model
that contains steel or concrete parts and connections as well as material properties and other
technical information.

Tekla Structures has been developed by the Building & Construction unit of Tekla Corporation.
Tekla Structures is an expanded version of the previous Tekla Xsteel modeling system.

Tekla Structures runs in the Windows environment on a personal computer. Its user interface
includes a drawing area, menus, and icons. Below is a screenshot showing a typical interface
state.
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Figure 8. User interface of the Tekla Structures system.
(Model: Antti Pekkanen, A-insingorit, 2003)

The drawing area shows the current model three-dimensionally. Two-dimensiona views can
also be created from the desired angles and locations. The user can zoom, move, and rotate the
model by using the left mouse button and the scrolling wheel.

By clicking the icons on the left, the user can add several types of concrete and steel parts into
the model. Some of the icons on the left aso enable creating reference points and changing the
shape of the existing parts. The icons on the right enable the user to create connections or
reinforcements between the parts. Object parameters, such as dimensions and materias of
parts, connections, and reinforcements, can be adjusted through a dialog box that is opened by
double-clicking an object or an icon.

The icons on the top correspond to different tools and operations such as creating drawings or
views, creating loads, moving or rotating parts, adjusting snap settings, or measuring distances,
to name a few. All the commands are also available in the menus, and the user can determine
himself which menu commands are visible asicons.

As there are alot of icons and menu options, learning to use the system requires a lot of effort.
Improving the learnability of the system would result in a longed-for reduction of learning
time.

To support learning, Tekla organizes a training course for new users of the system. The
duration of the training varies in different countries, but in Finland, it is three days. In the
training, the basic skills for using the system are taught by going through a training material
folder. The folder contains detailed step-by-step instructions for constructing a model with steel
and concrete parts and creating different kinds of drawings and reports. After the course, the
users should be able to start working on a real model in their office. However, the system is
very complex and therefore the users are able to learn only a small subset of its features during
the training.
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4 Empirical Learnability Evaluation

4.1 Subjects of the Study

To concentrate the learnability evaluation on the core tasks of users, some background research
was made before the actual learnability evaluations. Three users that had attended the Tekla
Structures training one month earlier, four users that were currently attending the training, and
several employees that had worked with customer service several years participated in the
background research.

The purpose of the actual learnability evaluation was to assess the initial learning experience of
users and therefore, novice users were chosen as subjects. Six users had registered to attend a
certain basic training course and their willingness to attend a learnability study was requested.
All of them were willing to participate. In the first meeting, they were also asked to sign a
written consent for participation (see appendix A).

The subjects had worked on the building modeling branch from 2 months to 28 years. All of
them had some experience with CAD (Computer-Aided Design) systems but five of them had
no experience with Tekla Structures and one of them had tried it for one day only.

Below is atable with information on the subjects. Later, the abbreviations U1, U2, U3, U4, U5,
and U6 are used to refer to the subjects. To keep anonymity, the subjects are presented in the
following table in a random order. Only the participants of the actual learnability evaluations,
not the participants of the background research, are included.

Table 2. Subjects of the learnability evaluation.

Profession Experience with building Experience with Tekla
maodeling Structures
Construction engineer 2 years none
Construction engineer 2 years none
Structural engineer 2 months 1 day
Structural engineer 28 years none
Designer 25 years none
Technical drawer 5 months none

4.2 Organization of Research Activities

Learnability research was spread over a three months period so that information on the
different phases of the learning process could be obtained. The importance of using a
longitudinal study when researching learnability was mentioned in chapter 2.2.

At first, information on core tasks of users was collected by interviewing three users of the
Tekla Structures system over telephone, one Tekla employee in person, and arranging three
informal group discussions.

Next, users were interviewed to examine their mental models concerning the Tekla Structures
system. After that, a three-day training course was observed and the material used at the course
was analyzed. Immediately after the course and two months later, users were observed doing a
small scenario-based test task and asked to fill in a subjective satisfaction questionnaire.

Unfortunately, one of the six subjects of the learnability evaluation could only attend the
research activities that were arranged right before or after the training. He had to skip the
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second learnability test and the subjective satisfaction questionnaire. The reason for this was
the long geographical distance of the subject's office and Tekla headquarters. All other subjects
attended all the research activities.

The research activities are summarized in the following table.

Table 3. Schedule of research activities.

Activity .~ Duration of meetings

. / observations
Individual interviews 4* 20 min June 9 — 14, 2004
Group discussions 3* 20 min August 15— 16, 2004
Mental model interviews 6* 1,5 hours August 13 — 24, 2004
Training observation and training material 3 days August 24 — 26, 2004
analysis
L ear nability tests and subjective satisfaction 6* 1,5 hours August 27 —
guestionnaires September 6, 2004
L ear nability tests and subjective satisfaction 5* 1,5 hours October 28 —
guestionnair es November 10, 2004

4.3 Research on Core Tasks

Method

As Tekla Structures is a complex system designed for domain experts, it includes a lot of
functionality, not all of which can be covered in a single learnability study. In order to
concentrate on the tasks that are central to new users of the Tekla Structures system, it was
necessary to gather information on the core tasks of the users before designing the details of the
forthcoming research activities. Information on core tasks was gathered by interviewing three
users of the Tekla Structures system over telephone, one employee of Tekla whose work
involves customer service, and conducting three informal group discussions during the breaks
on a Tekla Structures basic training course. These activites have been highlighted in the
following figure that illustrates the progress of our research.

Training i o
i observation eamability i : Creatin
Identifying Mental tests Identifying Analyzing uidelings
core _ moc_ﬁe\ I learnability learnability g i
tasks interviews e Subjective phenomena factors Slggestions
analysis satisfaction
questionnair

e

Figure 9. Progress of the research activities: Interviews.

An interview form with 21 questions was prepared for the telephone interviews. The questions
covered the background of users, the characteristics of their work process, and their opinions on
the Tekla Structures system as a tool for performing their tasks. The questions were applied
from an interview template developed internally by the Tekla Usability Engineering team (see
Tekla Oyj, 2004). The themes of the interview followed the structure outlined by Kujaa,
Kauppinen, Nakari, and Rekola (2003). They presented a field study method that is intended
for researching user needs and is simple and flexible enough in order to be adopted in
organizations. The interview form is presented in appendix B. The telephone interview session
lasted from 15 to 20 minutes.

The group discussion sessions were free-formed with no pre-planned questions. The researcher
joined a group of four participants during a break in the basic training. Information that could
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be utilized in defining the core tasks was collected by asking questions about the normal
workflow of users. In addition, their previous experience with modeling software applications
as well as opinions on the Tekla Structures system and the training course were addressed.
Discussion on these issues proceeded even without the researcher intervening in it, because the
issues were of common interest for training participants. Each interview session lasted about 20
minutes.

One Tekla employee was interviewed with the template that was developed for telephone
interviews. He had several years experience in customer service and thus was familiar with the
tasks that belong to customers work processes. Information on those tasks was also collected
from other Tekla employees but without using an interview template.

Results

The following table summarizes the themes that were extracted from al the individual
interviews and group discussions.

Theme

End result that

Table 4. Summary of individual interviews and group discussions.
. Comments from users

Primary work : Thework includes structural planning, creation of drawings or models, strength

tasksof users | calculations and other necessary analysis, site meetings, and communication with
other project parties.

Datathat is In some structural engineering offices, designers get a detailed room plan and the

availablewhen | associated dimensions from an architect, often asa CAD drawing. Designers create

modeling is the model on the basis of those visualizations. They get the HVAC plan and

begun electricity plan from other parties and discuss with them about how different plans
match together.
In other structural engineering offices, customerstell only the main dimensions of
the building and the designers create the model with arather small amount of
information. If an industrial building is being designed and there are no special
requirements, the designers may use existing standard designs or use an existing
model as atemplate and make the necessary changesinto it.

Phases of the The modeling process starts from doing analyses for dimensioning. Separate

modeling analysis software is often used for this. After that, the model is created with Tekla

process Structures or AutoCAD. The modeling process may be divided in several phases:

drafting phase, project planning phase, and assembly planning phase. The details of
the modeling process depend on the software application that is being used.
However, the model may contain concrete and steel parts, reinforcements, and
connections, depending on the building that is being modeled. A lot of timeis spent
with modifying the details of the model and the drawings to look exactly how they
should.

The designer sends structural drawings, detail drawings, assembly drawings, single

isgiven drawings and calculations to other parties of the project. These are to guide the

forward manufacturing of concrete or steel parts, construction activities at the site, and
coordination between the designers.

Change Changes are very frequent in the building modeling process and they take alot of

management time. Designers get change requests from other project parties during the modeling

process.
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Discussion

On the basis of the results, 15 core tasks that the user needs to complete in practically all
modeling projects were listed. The following figure shows our progressin the series of research
activities.
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Figure 10. Progress of the research activities: core tasks.

The core tasks are listed below and described in some more detail after the list. The listing was
used as a basis for designing the details of each learnability evaluation method described in the
next sections.

Creating views

Creating grids

Creating concrete or steel parts (columns, beams, dabs etc.)
Modifying concrete or steel parts

Creating reinforcements

Creating connections

Saving components (reinforcements, connections etc.)
Creating numbering

Creating drawings

10. Updating drawings

11. Modifying drawings

12. Creating reports

13. Exporting/importing data to other applications

14. Specifying model properties

15. Modifying catalogs

COoONOARWNE

Creating a new model usually starts with creating a grid along which concrete or steel parts can
be placed (task 1), and creating views that show the model in 3D or plane (2). Users did not
usually mention these two tasks in the interviews, but as creating views and gridsis an essential
precondition for starting to create concrete or steel parts, they were included in the list of core
tasks.

After creating views and grids, concrete and steel parts are created (3). Concrete parts need to
be reinforced (5) and connections need to be created between members (6). These were
mentioned in the interviews as an essentia part of the modeling process. Components, such as
reinforcements and connections, can be saved to be available in later projects (7). This task was
derived from the comments that indicated that users often utilize elements that have been
created in earlier projects.

According to users, changes in the model are frequently requested by other parties of the
construction process and therefore the task of modifying concrete or steel parts (4) was
included in the core tasks.

When the model is ready, and also during the modeling process, drawings (9) and reports (12)
are created. They are sent forward to engineering works and construction site. Drawings are
produced automatically but they usually need to be modified by the designer of the model (11).
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If the model changes, the designer can start the automatic updating process for drawings (10).
All these tasks were derived from comments made in individual interviews and group
discussions. However, before creating drawings or reports, the designer needs to assign
numbers for al parts (5). This was not mentioned by the users as other modeling software
differ in how numbers are assigned and modified. However, for the Tekla Structures system,
numbering is required before creating drawings, and therefore numbering was taken as one of
the core tasks.

In addition to sending drawings and reports to other project parties, the model sometimes needs
to be exported and imported to and from other file formats (13). The need for communication
with other project parties was mentioned by users.

The modeling process also requires defining project properties (14) and managing material and
profile catalogs (15). Project properties mean information on the designer and project but also
on variables and components used in the project. Catalogs contain the information on the
available materials and part profiles. Defining project properties and material catalogs was not
explicitly mentioned by users, possibly because these are administrative activities and users did
not see them as a part of the modeling process. However, these activities are necessary in order
to manage the properties of the model.

The core tasks make it possible to concentrate on the most central tasks in the learnability

research. However, it will be possible to generalize some of the results that are acquired by
researching these tasks to other parts of the system as well.

4.4 Mental Model Interview

Method

Learnability research was started by interviewing users that were going to attend the basic
training. The purpose of this research method was to acquire information on the mental models
that users have of the system before interacting with it. This information is useful because the
differences between the mental models of users and the system structure may explain the
problems that users have later when interacting with the system. This issue was already
discussed in section 2.3.

A similar interview method was used Dykstra-Erickson and Curbow (1997). They studied the
learnability of a document management platform called OpenDoc. They used user interface
prototypes and interview protocol to study users expectations on how to use the system
features.

The following figure shows the position of the menta model interviews among the other
research activities.
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Figure 11. Progress of the research activities: mental model interviews.
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In the beginning of the interview session, the user was shown the Tekla Structures interface and
a new document template as in the figure below. The user was asked questions about interface
elements such as icons. After asking questions about the basic state of the user interface, the
user was asked how he would perform some basic modeling tasks. The user was allowed to test
the procedure he had suggested briefly and if it was not successful, the correct operation was
shown. Before the training, users were not asked to perform real modeling tasks, because using
the Tekla Structures system is rather difficult without any training.
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Figure 12. The Tekla Structures interface as introduced in the mental model interview.
Below are samples of the interview questions. All interview questions are listed in appendix C.

e Which icons seem familiar to you? What do you think the other icons represent?

What do you expect to be the biggest differences compared to the software you used
before?

What do you expect the items that you see to be?

How would you start creating columns and beams?

How do you think you can copy and mirror elements?

How do you expect changes in the model to affect the drawings?

Where do you expect to save material properties, part profiles and other project specific
information?

The duration of the interview was approximately 45 minutes. In some interviews, there was not
enough time to cover al of the questions listed in appendix C, but in those situations, a
representative selection was chosen by the interviewer.

Mental model interviews were audio recorded and comments were translated to a written form
after the interview. This enabled the researcher to analyze the comments in detail. The
comments that revealed differences between the mental models of users and the system
structure were given specia attention. In addition, comments that indicated the mental models
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of users and the system structure to correspond to each other were noted. In addition, design
suggestions that users presented were written down.

Results

In total, 41 learnability phenomena were extracted from the interview notes. Examples of those
phenomena are presented in appendix D. The following table contains a summary of the
interview results related to each core task.

Coretask
Creating views

Creating grids

Creating concrete or steel
parts

M odifying concrete or steel

parts
Creating reinfor cements

Creating connections
Saving components
Creating numbering

Creating drawings
Updating drawings

Modifying drawings
Creating reports

Exporting/importing data to
other applications

Specifying model properties

M odifying catalogs
General

Table 5. Mental model intervi results.
- Interview

The concept of view was not clear to users asit is different than in
two-dimensional drawing software.

The coordinate system was intuitive to users. However, some
users had problems with understanding how grid dimensions
should be entered.

Users could easily place parts in the model without any training.

Users had problems with mirroring parts. Some users did not
know how to inspect the properties of a part.

Some users thought that reinforcements can be created on the part
properties dialog. They did not easily find the correct method for
creating reinforcements.

Users considered finding suitable connections and difficult.

Users expected that storing connections for later use was simpler
than it actually is. They used the term save whereas the current
term is "Define custom component”.

Users did not understand the reason why all parts need to be
numbered before creating drawings.

Users assumed correctly that drawings are created with templ ates.
The task sequence for updating drawings was intuitive for some
users. However, some users did not understand that with this
software, drawings and lists are updated automatically according
to the model. In traditional drawing, users had to handle all
drawings and lists separately.

Userstried to edit the part mark text directly by clicking on it.
Users said that report templates contain all the necessary
information. However, users were confused with the number of
report types available. The titles of the report types did not clarify
the scope of the report. Users said they would need only afew
report types. In addition, users used the term list, not report.
Users expectations for export and import features were consistent
with the existing features. The features will probably fulfill their
data exchange needs.

One of the users was wondering about how settings affect
different files.

Users recognized or could guess the meaning of most icons. The
meaning of buttons OK, Apply, Modify, and Cancel was unclear
to users.
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Discussion

Users had rather detailed assumptions about system structure, but as could be expected, their
assumptions were partly incorrect. Misconceptions were revealed in the mental model
interview.

It was clearly seen in the mental model interview that users based their expectations mainly on
the software application they had used earlier. The concept of view is an example of an issue
that was difficult to understand, as it was not used in two-dimensional drawing. Users also
often mentioned how the requested operation, such as mirroring or modifying part marks, was
performed with the software application they were familiar with and expected Tekla Structures
to work similarly. This could be anticipated on the basis of the theory of mental models. As
was mentioned in section 2.3, humans base their mental models on their previous experiences,
which in this case mean experiences with two-dimensional drawing software. Before the
training, users had hardly any information other than their previous experiences. They have
heard some facts about 3D modeling; however, the information did not cover interface details
or task sequences but only general principles of 3D modeling.

It was observed that users could guess the functionality and use the simplest features of the
system surprisingly well without any training. For example, users were able to create a model
with some columns, beams, and connections. On the other hand, they could not proceed with
the more complex functions such as control connection parameters or drawing layouts without
instructions.

Mental model interviews produced alot of information on users mental models concerning the
system structure and the user interface. This information can be used for making the system
correspond to users' expectations better, which in turn will make it easier to learn (see section
2.3). For example, if a remarkable portion of users expects the system to function in a certain
way but currently it works differently, there may be a need to change the system to function as
users expected. Alternatively, the functionality should be communicated more clearly to users
through user interface design and documentation.

The learnability phenomena collected in the mental model interview are essential for defining
the learnability factors related to the differences between users mental models and the system
structure. Some of the information can also be utilized for defining the learnability factors
related to the user interface and training.

4.5 Classroom Training Observation

Methods

A basic training course organized for new users of Tekla Structures was observed to acquire
information on the learning event itself. The purpose was to see how different features of the
system are learned, which functions users consider difficult to learn, and what kind of problems
users face when learning to use the system.

In sections 2.2 and 2.4, we presented severa observational methods aimed at evaluating
learnability of a system or effectiveness of training. In most of them, users were observed when
learning to use the system independently. The method of observing training sessions has not
been widely used for studying learnability, possibly because formal training sessions are not
organized for many software applications but learning takes place informally in organizations.
However, training observation was mentioned in the workshop notes of the Computer-Human
Interaction 1997 conference to be a good method for collecting learnability data (Karn, Perry,
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& Krolczyk, 1997). Astraining sessions are regularly organized for new Tekla Structures users,
we considered training observation to be an easily arranged yet efficient method for evaluating
learnability. Most essential system functions are covered in the training, and a three-day-long
session enabled us to address more issues than a one-and-a-half hour learnability test.

The following figure shows the position of the training observation in the series of research
activities.
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Figure 13. Progress of the research activities: training observation.

The observed training course lasted three days. The training group consisted of the six users
that had been interviewed also before the training.

The researcher observed the six participants while they were using the system. The observer
filled in an observation template containing the fields presented below (for the observation
form, see appendix E). The issues mentioned on the observation template were noted for each
core task. Fields 6 and 7 are related to training material and results related to those fields are
presented in section 4.6.

Training topics

Teaching methods

Time that was spent with each core task
Concepts that were explained

Concepts that were not explained
Chaptersin training material
References to help material

Questions from participants

Behavior of participants

©COoNOOR~WNE

Results

Over 1000 rows on the observation template were filled in during the training from which 111
learnability phenomena could be extracted. 289 questions presented by the users were recorded
and they proved to be especiadly useful for analyzing learnability. However, because of the
wealth of information, not all results can be presented here.

A wide variety of topics was covered in the training. They were all related to core tasks. During
the three-day training, a model that is close to a real work task was constructed. The model is
shown in the figure below.
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Figure 14. The model thatn\w&as constructed during the three days of training.

For al the tasks, a similar teaching method was used. First, the instructor demonstrated the use
of acommand on his computer. The computer screen was projected on awall. After that, users
applied the command to the model they were creating on their own computer. There were
detailed instructions for using the command in the training material folder, and most users
followed the instructions carefully.

The observed group of users was very active and they asked many questions. Users did not
always understand all steps of the demonstration and they asked clarifying questions from the
instructor. Sometimes there was a confusing element in the user interface whose meaning users
asked. Users also faced various problems when doing exercises on the computer and needed
help from the instructor to solve these problems. It was noticed that some problems that users
faced originated from the fact that they did not understand the meaning of certain commands or
objects. Sometimes those concepts had not been explained by the instructor.

Of al the core tasks, most time (282 min) was spent with modifying drawings. A lot of time
was also spent with creating concrete or steel parts (148 min) and creating reinforcements (142
min). Exporting and importing data to other applications and specifying model properties were
not covered at al in the training. Only alittle time was spent with updating drawings (5 min).

The following table contains a summary of the behavior of users and problems they faced when
practicing each core task. Representative examples of comments users made during the training
are presented in appendix F.
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Table 6. Summary of user behavior when learning each core task.
Coretask . Behavior

Creating views Users had some problems with creating views and some problems with
defining the visibility of objects.

Creating grids Users could create grids rather easily even though some of them had
problems entering values to the grid dialog.

Creating concrete or Users could create parts fast but had some problems with defining part

steel parts properties and interacting with the model.

M odifying concr ete or Users had problems moving and resizing parts. Handling points (which is

steel parts needed in amost al modify operations) was also unclear to users.

Creating Users had alot of problems with finding suitable reinforcing macros,

reinforcements selecting points to place the reinforcements, and defining the properties of
reinforcements.

Creating connections Users had alot of problems with finding suitable connections and defining
rules for AutoConnections.

Saving components Users could create a custom connection rather easily but had problems
editing it later.

Creating numbering Users said after the demonstration that it is still unclear to them how to
define numbering settings.

Creating drawings Users succeeded with creating drawings rather well after the
demonstration even though they had some questions about it.

Updating drawings Users succeeded with updating drawings rather well after the
demonstration even though they had some questions about it.

Modifying drawings Users had alot of problems with using the drawing classifier, modifying
drawing layout, setting the visibility of objects, and modifying part marks.

Creating reports Users succeeded with creating reports rather well after the demonstration.

Exporting/importing This was not covered in training.

datato other

applications

Specifying model This was not covered in training.

properties

M odifying catalogs Users succeeded with modifying catalogs rather well after the

demonstration even though they had some questions about it.

Discussion

Firstly, the training observation method enabled us to collect learnability phenomena related to
the parts of the user interface or the system in genera that were difficult to learn. The list of
difficult issues contained both user interface details and complete task sequences. A three-day
long training observation enabled us to get information on a larger number of tasks than in a
one-or-two-hour usability test.

Secondly, the training observation method enabled us to observe the training arrangements and
users response to them. Training is an essential part in the learning process of Tekla Structures
users, and to assess learnability, we need to assess training as well.

It can be concluded that the learnability phenomena found in the training observation contribute
to finding the learnability factors related to training, user interface, and system structure. After
distinguishing the learnability factors, we can use the collected information for creating
suggestions for improving learnability.

Changing the teaching methods and contents of the training would help users to achieve better
learning results. Redesigning the user interface elements that training observation indicated to
be difficult to learn would produce long-term improvements for learnability. In addition to
redesigning user interface details, the task sequences that users considered difficult to learn
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should be redesigned. If the reason for being difficult is not known, the task sequence should be
studied in more detail with additional learnability tests with users.

4.6 Training Material Analysis

Method

Training material was reviewed before the training and material usage was observed during the
training session. The purpose of the pre-training review was to check all the available material
and to evaluate its appropriateness by comparing it against the latest research results on training
material and training methods (see section 2.4). The material usage was observed in the training
because this was expected to provide information on whether the training materia is suitable
for the learning needs of new Tekla Structures users.

The following figure illustrates the position of the training material analysis among the research
activities.
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Figure 15. Progress of the research activities: training material anaysis.

Results

In the training material analysis, 11 learnability phenomena were found. This is a rather small
number compared to the number of phenomena found with other methods. On the other hand,
phenomena found in the training material analysis were rather broad and not just observations
on the details of the material.

In the following table, material types that are available for Tekla Structures are summarized.
The material types were described in section 2.4.

Table 7. Availability of material types.

Material type ~ Availability
~ Printed documentation No
. Electronic documentation Yes
_ Printed tutorial Yes
. Electronic tutorial Yes
~ Context-sensitive help Partly

There was printed documentation available earlier, but it has been replaced by electronic
documentation that is also easier to maintain and update. The tutorial is available in both
printed and electronic form. There are also some elements of context-sensitive help available:
when the user clicks the F1 button, information on the active dialog is displayed in the help
window. However, for other user interface elements than certain dialogs, there is no context-
sensitive help available.
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In the training, the printed tutorial is used as the primary material. The following figure shows
one page of the printed tutorial. Each participant has a tutorial folder on his desk and goes
through the exercises it contains. Participants get the same tutorial in PDF format on a CD-
ROM and it is available on the hard disk of computers in the training classroom. Thus, it isalso
possible to use the electronic version of tutorial in the training. However, al training
participants were observed to use primarily the printed version of the tutorial.
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Figure 16. Sample page of the printed tutorial.

The printed tutorial contains 452 pages. 363 pages of it form the concrete design training
package that was used in the observed training. The instructor may also customize the training
contents according to user needs. Some instructors, for example, skip some of the first chapters
to reserve enough time for presenting the advanced features. In the observed training, two
chapters of the concrete training material were skipped (29 + 34 pages) and 300 pages of
material were covered.

The tutorial also contains 130 references to electronic documentation. The references are
presented as a path that indicates the location of the referred subject in the documentation
hierarchy. If the user is reading the electronic version of documentation, he may click on the
reference link and be led directly to the right page in the documentation. The links to electronic
documentation are mainly intended for self-study. In the training, none of the trainees checked
the links while doing the exercises. It is not even feasible to assume that learners would
familiarize themselves with all the 130 links during the three-day training.

The tutoria is organized around building a real model. The main building block of the tutorial
is step-by-step instructions that contain screenshots and textual instructions. The instructions
gradually guide the user to construct the model. The tutorial aso contains some conceptual
explanations in the beginning of lessons and tips for improving performance and avoiding
certain undesirable states. There is no table of contents or index in the tutorial.
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Discussion

The training material analysis revealed severa learnability phenomena that may support or
hinder the learning process. It should be noted that also other issues than ones that had been
found by observing users were classified as learnability phenomena in this study. For example,
it was noticed that the amount of material is very large. In addition, the amount of material that
is available for each of the core tasks differs a lot, and there may be a need to balance the
amount of material. The organization of material and the type of instructions that are given may
need to be reconsidered. These issues will be discussed in more detail in sections 5.4 and 6.4.
Issues found in the training material assessment contribute to the formation of learnability
factors related to training.

4.7 Scenario-Based Learnability Test

Method

Scenario-based learnability tests were organized right after the training and two months later.
The purpose was to assess the outcome of the training and the self-learning phase after it.
Mainly qualitative information on the issues affecting learnability was of interest, but also
performance measures were included.

Elliott et al. (2002) and Roberts and Moran (1997), for example, used similar observational
methods for evaluating learnability. Naturally, the selection of tasks was different as the system
is question was different as well. Corresponding methods have been used by numerous other
researchers for evaluating usability. However, based on the literature review, we concluded that
those methods are suitable for evaluating learnability as long as the subjects are novice users.
Elements of learnability evaluation methods that were presented in sections 2.1 — 2.2 such as
collecting qualitative information and measuring time and errors are present in the usability test
method. Jacob Nielsen (1993, p. 165-206) has written profound instructions for running
scenario-based usability tests, and these instructions have been used to guide our test sessions
too.

The following figure indicates our position in the chain of research activities.
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Figure 17. Progress of the research activities: scenario-based learnability test.

The test tasks were designed to contain all the core tasks that were presented in section 4.3. The
aim was to create tasks that resemble a real work situation as well as possible but are simple
enough to enable performing them in one hour. The relationship of the 19 test tasks and the
core tasks are mapped in appendix G. The tasks led to constructing a simple model with the
Tekla Structures system. The following drawing was given to the user in the beginning of the
test session and it shows the model that had to be constructed.
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Figure 18. The model that users had to construct.

Scenarios describing the test tasks were presented to the user gradually during the modeling
process. The scenarios are presented in appendix H. At first, the user was asked to create
concrete parts for the foundation. Secondly, he was asked to reinforce one of the parts, and as
the user proceeded, he was asked to create drawings, reports, and exported files that are
produced as an outcome of areal modeling process as well.

The learnability tests immediately after the training and two months later contained the same
tasks with dlightly different parameters such as dimensions of the building. In the first
learnability test, the user was told that the model represents the foundations of a garage, and in
the second learnability test, the model was told to represent the foundations of a storage hall.

Each learnability test was about one hour long. The test was organized in each user's office, in a
meeting room or at the user's desk. The user did a test task on a computer and the researcher
observed his behavior and took notes on the steps he performed, errors he made, time that was
taken for performing the tasks, and his comments. The observation form is presented in
appendix |. Test sessions were also recorded on tape. During the learnability test, the user was
asked to explain his operations and expectations. This is generaly known as the think aloud
protocol (see Dix et a., 1993, p. 385-386). The problems that the user faced were collected and
the information was used for determining the learnability factors that will be presented later.

The purpose was also to compare the results of the learnability tests to the results of the training
observation and training material analysis. Especially the comparison of learnability problems
related to each core tasks and the thoroughness of processing the task was of interest.
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137 learnability phenomena were identified in the learnability tests. This is slightly more than
in training observations, and much more than in mental model interviews or training material
analysis.

The following figure shows an example of a model constructed by one of the usersin the first
learnability test.

Figure 19. The model constructed by U4 in the first learnability test.

Even if the tasks had been simplified as much as possible, not al users could perform al the
tasks in one hour, but a some of them had to be left our during the test. In the first learnability
test, users completed from 9 to 15 tasks each, and in the second learnability test, they
performed from 10 to 16 tasks. Users could complete 12 tasks in both learnability tests on
average.

The administrator of the test kept track on the tasks that different users had completed and
selected suitable tasks for every user so that all the tasks were completed by a sufficient number
of users. Some tasks were completed by all users because they are so central in the modeling
process and some are even obligatory before the user can proceed to any other task. Two of the
tasks had been classified as advanced tasks for fast users, but they were not used in the test.

All users faced several problems during the learnability test. Sometimes they could solve a
problem by experimenting with different operations, but sometimes they needed to ask help
from the instructor. There were certain problems that were faced by a remarkable portion of
users, sometimes even many times during one learnability test. In the following table, the
problems that five or six usersin total faced in either of the two learnability tests are presented.
More problems are presented in appendix J.



Table 8. Examples of problems observed in the learnability tests.

Coretask

. Examples of problems

 Users
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| experiencing the
. problem
First Second
learnabi | learnabi
lity test | lity test
Creatinggrids - Userswere not able to enter grid dimensionsto thefieldson . U2, U3, = U3, U4,
the Grid properties dialog correctly. When userswantedto  U5,U6 U5
create three grid lines with the spacing of 5000, they
entered "0 3*5000" to the grid properties dialog, which
actually produced four grid lines.
Creating Users did not know how to define the snap settings that Ul u2, U4
concrete or steel | they needed. They needed to snap to al pointsor only grid | U3, U5
parts lines but did not know how to do it.
M odifying Users sometimes selected several parts, double-clickedone | U1,U2 | U3, U4,
concreteor steel | of them, and thought that changes they made in the dialog us
parts would affect all the parts that they had selected in the
beginning. However, if several parts are selected and after
that, one of them is double-clicked, the selection is applied
only to the part that was double-clicked.
Creating Users had problems finding suitable reinforcements and Ul u2, U2 U4
reinforcements | connections. Users were not familiar with the names of the U3, U4,
reinforcements and connections and therefore it was U5, U6
difficult to select areinforcement from the list of names.
Users sometimes entered the search term reinforcement, but
as not all reinforcements contain the word in their name, a
suitable reinforcement was not found.
Saving Users could not choose a correct type for custom U1, U5, U1, U2,
components components (part, detail, connection, or seam). U6 u4
Creating Users often forgot to run numbering before creating Uz, U3, Ui, Uz,
numbering drawings. The warning message was shown. U4,U5 U3
Exporting / When users wanted to export the model to AutoCAD, they U2, U4, U1, U3,
importing data | often chose the option Export > CAD drawing asthename | U5 u4
to other suggests that it will create drawings that are suitable for
applications that. However, they would probably need to create DXF
drawings in most situations, which is a separate menu item.

In addition to collecting a list of learnability problems, severa other learnability phenomena
such as observations concerning things that support learnability as well as users suggestions for
improving the system or training were collected.

In addition to collecting qualitative information on learnability phenomena, user performance
was measured with the criteria suggested by Capobianco (2003). Capobianco's criteria conform
very well to our operationalization of learnability (see section 2.1). In both learnability tests,
average values for these three variables were calculated for each task:
o the percentage of users that could carry out a task without asking help from the test
instructor,
o the percentage of users that could carry out a task optimally, which means that the
requested end result was achieved without asking help from the instructor, looking at
the help pages, undoing and redoing commands, extensive mental effort, or resorting to
trial-and-error strategy, and

e average execution time.

The percentage of users that could perform each task optimally or without help and the average
times for performing each task are presented in appendix K. A graph of the results is included
in appendix L. The performance of users varied considerably between different tasks and from
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the first learnability test to the second one. The task of saving a reinforcement for later use, for
example, could not be done optimally or without instructions by any user in either of the
learnability tests. The task of modifying material catalogs could be performed optimally by
33% of users in the first learnability test, but by none in the second learnability test, and all
users needed instructions. In addition, all users needed help with creating reinforcements and
modifying the model. Users performed rather well with creating grids, modifying the pad
footings, and modifying concrete slab properties, with some exceptions.

In the second learnability test session arranged two months after the training, there was a clear
difference in the performance of users that had used the system between the two learnability
tests and users that had not used it. The performance of these groups in the second learnability
test is presented in the following table. The number of users in these two groups is very small,
so the comparison does not have statistical significance.

In the following two tables, some central figures from the learnability tests that were done right
after the training and two months later are presented. The results are marked with color-coding.
The meaning of the colorsis presented below.

Light gray: percentage of users 70 — 100% or average time 0 — 3 min
Dark grey: percentage of users 30 — 70% or averagetime 3—7 min

Black: percentage of users 0 —30% or averagetime 7 — 10 min

Table 9. Performance of usersin learnability tests.

Percentage of | Percentageof | Percentage
tasks tasks of tasks
performed performed performed
without without without
instructions instructions instructions
L ear nability test immediately after thetraining
Average for all users | 43% 5:03
L ear nability test two months later
Averagefor all users 63 % 26 % 4:58
Average for users that had used the system (2 users) 71 % 4:03
Average for users that had not used the system (3 users) | 58 % 6% 5:39

Discussion

The test was successful in that it pointed out a remarkable number of learnability phenomena
such as learnability problems, things supporting learnability, and suggestions and comments
from users. By addressing these issues, learnability of the system can be improved.

The weakness of this experimental design is that the observed learnability phenomena are only
related to the test tasks even though the system contains numerous functions that were not
touched by the test tasks.

The performance of users demonstrates the fact that Tekla Structures is a complex system and
mastery over it cannot be achieved during a three-day training course. In the first learnability
test, users could be performed on average 43% of tasks without without instructions, but only
12% of tasks optimally. In the second learnability test, the figures were 63% and 27%. The
figures show that the learnability of the system as well as training courses and training material
need to be improved.

Results of the learnability tests were compared with the observations made during the training.
Connections were found between the learnability problems noted in the learnability tests and
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the time spent with each core task in training and concepts that were or were not explained by
the instructor. It was also noted that even in the first learnability test arranged immediately after
training, users did not remember even close to everything that was taught in training. They may
have processed the information on a surface level that does not lead to proper memorization.
Connections were aso found between the learnability problems and

The results of the learnability tests were also compared with the results of the training material
assessment. Connections were found between the amount of material that was available and the
learnability problems related to each core task. There were some tasks with only five to seven
pages of training material available, and furthermore, some of this material may have been
skipped in training. On the other hand, for certain tasks, there were even 60 pages of material
available, which also led to spending along time with these tasks in training.

4.8 Subjective Satisfaction Questionnaire

Method

In the end of the learnability test sessions immediately after the training and two months later,
users were asked to fill in a 2-page learnability questionnaire. The purpose was to collect
subjective opinions of users on issues that affect learnability. The need for assessing subjective
opinions can aso be seen from our definition of learnability that contains the word pleasantly.

The use of a questionnaire for measuring the subjective satisfaction dimension of learnability
has been suggested in the 1SO 9241-11 standard (SFS-EN, 1998). The ISO standard includes
references to some well-known satisfaction questionnaires such as QUIS (Questionnaire for
User Interface Satisfaction) developed by Chin, Diehl, and Norman (1988) and the SUMI
(Software Usability Measurement Inventory) questionnaire developed by J. Kirakowski (1996).
The QUIS questionnaire includes some questions related to learning, and the SUMI
guestionnaire contains a set of questions related to learnability. Some of these questions were
modified and incorporated into the questionnaire form used in our study. Questions from one of
the most famous questionnaires that is known as the IBM Computer Usability Satisfaction
Questionnaire (see Lewis, 1995) were aso adapted to this study. The well-known
guestionnaires have been checked for validity and reliability, and therefore it is recommendable
to use them as a basis for our questionnaire.

The following figure shows the position of this research method among other research
activities.

Individual Training i i
i i i earnabili i
frervievs Identifying Mental g ety t ldentifying Analyzing (L:Jirc?;til:egs
corg model Train learnability learnability g i
tasks interviews et henomena 4
i material . factors suggestions

discussions ;
analysis

Figur e 20. Progress of the research activities: subjective satisfaction questionnaire.

The questionnaire used in this study was divided into four sections. general questions,
learnability of the user interface, material and training, and function specific questions. The
first two groups of questions gave a picture of how satisfied users are with the learning process.
Questions on material and training provided information on which support methods users
consider being the most important. The purpose of the function specific questions was to see
which features users considered most difficult to learn. The questionnaire contained 30
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questions atogether. A five-point Likert scale (see Lewis, 1995) with an adjective in both ends
was used. For function specific questions, the alternative "I cannot do it" was added because it
is not feasible for the user to estimate the difficulty of afunction with which he is not familiar.
The questionnaire form is presented in appendix M.

Questionnaire answers were scored from 1 to 5 so that an average grade could be calculated for
each question. The lowest score corresponds to negative adjectives such as "difficult” or
"useless' and the highest score corresponds to positive adjectives such as "easy" or "useful".
The answers"| cannot do it" and "I have not used" were given the score of 0.

The aim was also to compare the results of the questionnaire to the results of the learnability
tests. It was of interest whether the subjective assessment of the difficulty of atask correlated
with the performance of users with the corresponding task in the learnability test.

Results

The average grades calculated from all answers are presented in appendix N. The appendix
includes both the grades that users gave immediately after the course. In this section, we
introduce some important learnability phenomena that the questionnaire results pointed out. 18
phenomena altogether were extracted from the subjective satisfaction questionnaire results.

Average scores ranged from 1 to 4.7, which means that there are clear distinctions between
different items. The scores given in the two phases (immediately after the training and two
months later) differed from each other dlightly but not radicaly.

Despite learning difficulties, users gave an excellent score (4.2 in both phases) to the item
asking if the system corresponds to their expectations. It would require further investigation
what were the most important expectations of users that determined the score that they gave.

Questions related to the learnability of the user interface got scores from 2.8 to 4.0.
Remembering names and use of commands got relatively low scores (2.8 immediately after the
training and 3.0 two months later).

Questions concerning material and training got scores ranging from 2.8 to 4.7. In the first
phase, training and training material got very high scores (4.7 and 4.5). Instructions on the
computer screen got the score of 4.7; this is surprising, as currently there are not much
instructions available in the interface. In the second phase, the scores for the items mentioned
above were considerably lower. This may be due to the fact that users had not used the
materials very much after the training. Training material CD and context-sensitive help
received relatively low scores (2.8 and 1.2, and 3.0 and 1.0). There were rather many users that
answered they had not used some of the material types. In the training, users may find it easier
to ask help from instructor as compared to reading help pages, and after the training, they may
ask help from colleagues.

Function-specific questions received scores ranging from 1.0 to 4.7. Exporting and importing
data, specifying model properties, and modifying material and profile catalogs received very
little attention in the training, which may be the reason for the low scores. On the contrary,
creating grids and creating concrete and steel parts received an excellent score in the
questionnaire. It was also noted in user learnability tests that users could perform these basic
operations rather well.
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Discussion

The fact that users considered remembering names and use of commands difficult indicates that
the system requires too much memorization from a novice user. The reason for this may be for
example that terminology differs from what users are accustomed with and that the software
language is English that is not the native language of users. Based on the questionnaire, special
attention should be paid to the amount of information that the user is required to remember.
Making al theinformation visible in the user interface would reduce users memory |oad.

The fact that users were very content with the current training and printed training material is
good from the perspective from user satisfaction, but it does not indicate whether the teaching
methods lead to best possible learning results.

The user interface or operating logics of the functions that were rated as difficult to learn
should be redesigned. In addition, special attention should be paid to these issues in training.

It is possible, of course, that users have not understood the terminology of the questions
correctly. Especialy the term context-sensitive help may be unfamiliar to users, which was the
reason for including the hint "opens with F1 button" in parenthesis. This reduces the reliability
of the results.

When the results of the function-specific questions in the subjective satisfaction questionnaire
were compared with the results of the learnability test, they were noticed to be rather well in
line. For example, creating grids and concrete and steel parts received the highest score in the
questionnaire and these tasks could be performed rather well in the learnability test too.
Exporting and importing data as well as specifying model properties was rated difficult and
could not be performed very well in the learnability test either. Other parts of the questionnaire
also revealed some of the users opinions that could not be known just by observing users.
However, as the definition of learnability presented in section 2.1 contains the word
‘pleasantly’, it isimportant to let the users to evaluate the learnability themselves.

The learnability phenomena collected from the questionnaire results will be utilized for finding
the learnability factors related to the user interface, system structure, and training.

5 Classification of Factors Influencing Learnability

5.1 From Learnability Phenomena to Learnability Factors

After completing al the empirical research, there was a large amount of data available. To
present the data found with different research methods in a consistent form, al learnability
phenomena that had been found with different research methods were collected into a large
table. The research activity that produced each phenomenon was mentioned in the table. If
applicable, the number of users that the phenomenon applied to as well as the related core task
were also mentioned. The table contained 237 rows altogether, each containing one learnability
phenomenon. Because of the large number of phenomenon, they are not presented here, but
sample rows of the table containing the learnability phenomena are presented in appendix O.

The following figure shows our position in the chain of research activities: we have completed
al the empirical research activities and have a set of learnability phenomena to be analyzed
further. We simplified the figure by presenting "identifying learnability phenomena’ as one



50

phase after all the research activities, but actually, the phenomena were identified from the data
collected with each method right after completing the activities related to that method.

Indiwidual Training L bil
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Group tasks NSRS B farial Subjective factors suggestions
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questionnair

Figure 21. Progress of the research activities: learnability phenomena.

Next, the learnability phenomena were grouped in order to find a set of learnability factors that
cover al the observations. We used a variation of the grounded theory method to group the
phenomena. The grounded theory method starts with an unorganized set of data and without no
predefined theoretical framework and proceeds by identifying themes and patterns from the
data. Asthe analysis proceeds, more evidential data for the themes and patterns is searched for.
Elliott et al. (2002), for example, used the grounded theory method for deriving the learnability
factors from the observational data that was collected in user observations and focus group
discussions. According to them, the grounded theory method is useful in that it can produce a
theory that fits the available set of data. It can be successfully used for analyzing qualitative but
also quantitative data.

Three sets of learnability factors were produced from the learnability phenomena we had
collected: one set for learnability factors concerning the user interface, one for factors
concerning the differences between the user and system models, and one for factors concerning
training. One observation could contribute to one or more of the three sets of learnability
factors. It was sometimes considered feasible to connect one observation to both user interface
and training, for example, because a certain learnability problem may really be connected to
both difficult user interface and insufficient training and these two can by no means be
combined into one issue.

The following figure shows that we are now in the one but last activity in the research process.
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Figure 22. Progress of the research activities: learnability factors.

Finding a reasonable grouping was a time-consuming task with several iterations. As aresult of
the iterations, a set of 15 learnability factors was finally produced. Seven of them were related
to the user interface, four of them to the system structure, and seven to training. Examples of
phenomena related to each of the learnability factors are presented in appendix P, together with
the suggestions for improving learnability. The following diagram gives an overview of the
learnability factors.
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Learnability

How quickly and pleasantly a new user can begin
efficient and error-free interaction with the swstem

User System S
interface structure d

F F 3 &
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Feedback Differences in interaction styles |Excercises
Continuity of task sequences [ Concept clarity Instructions for basic interaction
Design conventions Completeness of information Instfuct_mns for saolving problems
Information presentation Motivational content o
ser assistance Coverage of system functionality
Etror prevention Material types

Figure 23. Learnability factors.

5.2 User Interface

Overview of Learnability Factors Related to the User Interface

User interface is crucia in determining how easy it is to learn to use the system. Numerous
learnability problems and issues supporting learnability were noted during the research, and
many of them are directly related to the design of certain user interface elements.

Some of the seven learnability factors that are related to the user interface are familiar from
usability checklists (see e.g. Nielsen, 1993, p. 20). However, the factors differ in that they
concentrate on the issues that are important for a new user. Visibility of operations, feedback,
and continuity of task sequences are essential for enabling the user to perform operations that
are new to him. Design conventions and information presentation have an effect on how the
user will recognize usage principles and understand the functionality of the system. User
assistance will aid the user in learning to use the system, and error prevention will reduce the
number of problems the user will face.

The number of learnability phenomena that were related to each of the factors is presented
below. The factors will be presented in more detail in the following sections, with some
descriptive examples of user comments.

Table 10. Learnability factors and phenomena related to the user interface

Factor influencing lear nability Number of related lear nability phenomena
Visibility of operations 68

Feedback 23

Continuity of task sequences 16

Design conventions 14

I nformation presentation 45

User assistance 10

Error prevention 6
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Visibility of Operations

An essential requirement for a learnable user interface is the visibility of possible operations
and the type and syntax of the required input for performing the operation. Whereas an expert
user can rely on his memorization, a novice user must deduce the possible operations and
inputs from the hints given by the user interface. It was noted in the observations that users had
problems finding commands that were not clearly visible near the object that they were
interacting with. In addition, users did not necessarily remember the name of the command that
was needed to reach a desired end result, even if they had used it in the training. If they
remembered the name, they may not have remembered where in the menus or toolbars the
command was located. To aid the user with this problem, the most central commands should be
visible or easily found and the user should be directed towards performing the right operation.
The user interface should provide al the necessary information so that the user can fill in the
required fields on a dialog, select appropriate objects with mouse, or otherwise enter the
required input.

Examples of comments that reflect the lack of visibility of operations and inputs are presented
below. The comments were presented by users during the training observation and in the pre-
training and post-training learnability tests. They are related to finding commands from menus,
noticing methods to access some items, distinguishing the operations that can be performed in a
certain state, and knowing the way to input information.

The research activity during which a comment was made and the user that voiced the comment
is marked on the left-hand side of each comment. Abbreviations are used to shorten the
presentation. The meanings of the abbreviations are as follows:

e MMI = mental model interview
e TO =training observation
e TMA =training material analysis
e L Ta=scenario-based |earnability test immediately after the training
e L Tb=scenario-based learnability test two months later
e SSQ = subjective satisfaction questionnaire
e U1, U2, U3, U4, U5, U6 = users
TOU1 "Wasit under View?"
LTaU4 "So now | should add something there. How would it succeed... | don't have
any idea how it would be done.”
TO U6 "How can | open that dialog?"
MMI U5 "It isdifficult to say how | would get... to edit that text."
TO U5 "How can you go to the menu? ... | don't haveit there!"
LTaUl "Oh, it wasthat one... | had to go to the drawing state."
LTaUl "What should | enter there... Would it go like that?"
Feedback

Feedback is also important for experienced users but especially for novices. It was observed
that novices were often unsure about whether they succeeded with a certain operation and
therefore they would have appreciated a confirmative feedback message. Also, novice users
would have sometimes needed feedback about the system state or former actions; for example,
if auser had earlier selected certain settings and tried to perform an operation that contradicted
with the settings that were selected earlier, he should have been reminded about the former
operation and the contradiction between the operations.
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Some examples of user comments in situations in which proper feedback was missing but
would have been advantageous are presented below. Comments are related to understanding
the object visibility and knowing if an operation had succeeded.

TO UL "Why it selects only the columns?"

TOU1L "Why | don't see some of the beams in these views?"
MMI U5 "Did it do something?'

LTaU4 "See... did it succeed?"

Continuity of Task Sequences

Discontinuities in the task sequence were noticed to be problematic for novice users because
they often did not remember or recognize how they should proceed and failed to complete the
task. The most desirable situation would be that when a user starts a command from a menu or
by clicking on an icon, he would be directed until the end of the task sequence by providing a
sequence of dialog boxes or instructions in the status bar. He should not be required to jump
from one menu to another while performing one task.

Examples of user comments in situations where task sequences were not continuous are
presented below. They are related to assigning numbers and defining drawing classifier
settings.

LTaU2 "There is numbering in two places? Thisis confusing. Here it doesit."

LTb U3 "Ok. It was wrong numbering."

MMI Ul "Now it does not create drawings because | have not done the numbering but..."

LTbU3 "I'll try assembly drawing. Now it asks about the numbering. | think | need to
renumber it now."

TOUS "If it does not do what you want it to do, it isdifficult! And all these windows...
It depends on so many things."

LTaU4 "What was the name of the command? | had to filter something. That was rather
difficult.”

Design Conventions

Severa parts of the user interface of Tekla Structures are designed differently than commonly
in desktop computing. It was observed that users were wondering about the differences. If the
design conventions set by user interface standards and the most common office, web, or CAD
software were followed, users could easily grasp the meaning and usage of elements that they
had seen in other applications as well.

Examples of comments that indicate that some user interface elements do not follow design
conventions and were considered problematic by novice users are presented below. Especially
the basic control buttons were unconventional and caused difficulties.

MMI U2 "Usualy it is so that with OK, you accept the changes. This may feel a bit
strange in the beginning."

LTaUl "Oh, | should have clicked Modify. Thisisabit strange that it only doesthe
changes with Modify. If you are not used to it..."

LTb U4 "No, it didn't change. | had to click Modify.

MMI Ul "I expect that amodel is started with some kind of template? And there are
many templates available, so that suitable templates can be used for different
projects?’

TO US " | already closed it with Cancel!”




Information Presentation

Novice users would have needed especially detailed descriptions for components on dialog
boxes, fields that require input, or image details. Novice users did not aways understand for
example a graphical presentation that may be self-evident for an expert. Therefore, additional
information needs to be available. The amount of information that seems excessive to an expert
user may be necessary for a novice user. Specia attention should be given to the clarity of text
and images as well.

Examples of comments that indicate information was not presented clearly enough are
presented below. Users had difficulties e.g. with interpreting the fields and images on dialogs
and finding a suitable item from allist.

LTaU5 "Oh... | thought they would be straight. But it made 90 also there. But it doesn't
matter. It isfine like that. The reinforcer will have more work."

LTbul "I really don't know which one of these fields changes the distance of the bar
from the column face. Or isit even possible to changeit."

LTaUl "Thereis some X there. What does it mean then?"

LTaU6 "Cast unit list... | don't know how to find that list there... Cast unit rebar list... |

think the masters have to stay there wondering... | cannot find it!"

User Assistance

In many problematic situations that were observed in the training and during the learnability
tests, properly designed user assistance might have helped the user to overcome the problem.
Therefore, user assistance is aso included in this list of learnability attributes. Current
technologies also alow for the user assistance to become more a part of the user interface
rather than a separate help system.

Examples of user comments in situations in which user assistance was missing or incomplete
but would have been advantageous are presented below. Some of the comments reflect the fact
that some of the instructions currently included in the user interface are unclear.

LTaU3 "Maybe they can not be seen as they are not there. | might know why. ... | don't
know why it is not shown in 3D. It'sabit strange. ... It might be related to this:
| set grid this... | don't know. It looks like being ok."

TO U6 "How should | pick the points to create the reinforcing bar group?"

LTaU5 "Select. Therethey are. 'In the model, select one or two positions. Oh. One or
two... What does it mean?"

"Pick main part. Pick position. Pick main part. Pick position. Pick main part...
Haha!"

SSQ In the questionnaire filled in immediately after the training, one user marked
that he had not used the help pages, and two months later, two users marked
they had not used them.
In the questionnaire filled in immediately after the training, two users marked
that they had not used the context-sensitive help, and two months later, four
users marked they had not used them.
This indicates that a separate help system is not used very often.

LTh U2 "Pick points... What are these?"
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Error Prevention

Severa errors that were observed in this study were faced by many or even al of the six users.
It can be expected that a remarkable percentage of users will face these errors when learning to
use the system. Several common causes of errors are aso known by members of the
development organization. Many of these errors could be prevented by doing a small changein
the user interface.

Examples of comments that indicate errors that could have been prevented rather easily are
presented below. The comments were presented in a situation in which the user tried to perform
a basic operation such as create views, define a custom component, or run clash check, but did
not succeed because of some simple mistake.

TOUS "No selected grid found... | needed to select the grid first."
LTaUl "Thiswas abit... would it be... part? | cannot remember at all.”
LTh U2 "Connection... detail... what is this? Part?"

TO U5 "It says that No collision detected... Do | need to select them?"

5.3 System Structure

Overview of Learnability Factors Related to the System Structure

The learnability factors in this group are connected to the system design on a deeper level than
the factors related to the user interface. Often in product development projects, the system
structure, which contains the scope of the system, underlying concepts, and available
functionality, is decided first and only after that, the user interface is designed. Learnability
issues should be taken into account when planning the system structure, because that sets the
foundation for an easily learned system. However, the learnability factors related to the system
structure and the user interface are in many cases connected.

The evidential data for these learnability factors arose mostly from situations in which the
user's mental mode differed from the actual system structure. It was noted that users often
compared the new system to the software applications they had used before. Users had formed
their mental model on the basis of the system they were familiar with, and as the new system
was different from the familiar one, users faced problems with using it. The connection
between differences in users’ mental models and system structure has been noted earlier (see
e.g. Kellogg & Breen, 1988) and was confirmed in this study.

Two of the learnability factors are related to the differences between the system that users are
familiar with and the new system. The first of these is differences in functionality and the
second is differences in interaction styles. Both cause discrepancies between the mental model
of the user and the system structure, as the mental model contains some items from the system
that the user has used earlier but that is designed differently. The third factor, concept clarity,
refers to the new concepts that are necessary to understand in order to learn to use the new
system. If the concepts are named descriptively, it is relatively easy for the user to understand
them and adopt them as a part of his mental model. Information presentation, which is the
fourth factor, is crucial in determining how the user will interpret the new concepts, the user
interface elements, and the underlying system structure. A correct interpretation will lead to a
correct mental model, whereas an incorrect interpretation will lead to an incorrect model.

The number of learnability phenomena that are related to each of the learnability factors is
presented in the table below. The factors will be discussed in more detail in the following
sections.
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Table 11. Learnability factors and phenomenarel ated to the system structure

Factor influencing learnability - Number of related learnability phenomena
 Differencesin functionality 9
_ Differencesin interaction styles 16
_ Concept clarity 30
~ Completeness of information 60

Differences in Functionality

The functionality of different software applications naturally always varies. Even if two
applications can be used for the same purpose, they will provide different tools for reaching the
end result. Differences in functionality was observed to cause problems for learners. As was
said in section 2.2 and observed in the mental model interview, users base their expectations for
a new software application on their experiences with familiar applications.

In the case of Tekla Structures, most users have previously worked with two-dimensional
drawing software and are in the process of moving to three-dimensional modeling. This caused
many difficulties, as users had based their mental models on the drawing paradigm and now
they should have switched to the modeling paradigm that changes many aspects of their work

Examples of comments reflecting the differences between mental models of users and system
structure are presented below. Users had problems e.g. with understanding the difference
between the concepts of drawing and modeling or drawing and view. The concept of
numbering was a so unclear to them.

MMI U2 "That is at least my understanding that the parts will be modeled. ...And now
the model and the drawing are the same thing."

MMI U3 "I think thisis such that you can make a whole object at atime and you can then
modify it, whereasin AutoCAD you make oneline at atime.”

MMI U3 "Isit (the drawing list) the same as this (the view list)?"

TO U1 "Numbering is till unclear to me."

LTaU4 "It remained unclear to me, what is the sense with numbering? We were not

shown what is the advantage of numbering?"

"Why it does not create it automatically? If | create an object that looks the
same, it could recognize somehow which oneit is. | mean that if | draw two of
these, it would number them automatically, so that | would not need to do it. As
it is done amost every time anyway."

"In AutoCAD, we modify each number separately, for each element.”

Differences in Interaction Styles

Interaction styles of different software applications naturally also vary. Some of this variation
may be necessary because of the different nature of the applications, but some of it is
unnecessary and should be avoided.

Just like mental models concerning system functionality, mental models concerning interaction
styles seemed to be based on users' experiences with other software applications. As interaction
styles are not domain-specific, users based some of their expectations on how the most
common office software or operating systems work. They also expected that they could interact
with a new software application similarly to the previously used, corresponding application.
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Examples of user comments in situations in which users expectations for interaction styles
were different from the actua interaction style are listed below. Especially the methods for
moving and resizing parts were different from the methods with which users were familiar.

TOUS "I have been missing the possihility to grab an element and moveit."
TO U5 "How can | move the end of a part?"

LTbUl "I haven't found a simple stretch command here, at least yet."
TOUS "Does the point need to be yellow?"

"How do | choose the point? What if there are two parts attached to the part? Is
the one that is a square the starting point?"

Concept Clarity

When starting to use a new software application, the user usually needs to learn new concepts.
Thisis aso true for Tekla Structures: there are several concepts that have not been used in any
other commonly known software because the functionality they reflect is new and domain-
specific. Learning these concepts would be easiest if the concepts were self-explanatory, which
means that the user interface communicated their meaning clearly and the terminology was
familiar to users.

Certain concepts were observed to be difficult to grasp for users. Examples of comments that
reflect the unclarity of certain concepts and the difficulty to understand terminology in English
are presented below.

SSQ Users considered remembering the name and use of commands to be rather
difficult (scores 2.8 and 3).

TOU1 "What does this class refer to?"

TOU3 "What is the difference of Save and freeze with the Save command?'

LTaU2 "Part mark? Eh... So... Now | have ablackout again..."

LTaU5 "Export? | was there but there was nothing feasible. | was there but there was
just XML DWL..."

TOUS "Where do | find the hollow core dlab profile?”

TO U6 "How do | find the right profile?’

TOU4 "What does the whole thing do?"

TO U6 "Isn't there a Finnish language version of the software?"

Completeness of Information

It was noticed in the mental model interviews, training observation, and scenario-based
learnability test, that users could not always form a correct mental model of the system because
there was not enough information available. The change in the mental model could be
facilitated by providing enough information about the user interface elements, concepts that are
present in the system, and operations and their causes and effects.

Examples of user comments in situations in which incomplete information caused difficulties
for learners are presented below. The first comment is related to the list of views and the other
comments to dialogs containing images and fields for object properties.

LTaU3 "Let'stake from here... 00 plan... Let'stake it away as| don't know what it is."

TOUS "Can you explain the position settings (On plane, Rotation, At depth)?”

TOU1L "In what direction do the From plane and In plane commands move the
reinforcing bar?"

LTaU6 "Y ou must think about these alot, these are not clear at all, even if they in

principle are... What does that mean (the check box)?"
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5.4 Training

Overview of Learnability Factors Related to Training

In this section, aspects of training that were noticed to affect learnability are presented. The
information was extracted from the training observation and comments that users made in the
observation sessions after the training. Many of the issues were discussed in section 2.4 and
research methods confirmed that the issues have an effect on learnability.

The first four factors, namely conceptua information, exercises, instructions for basic
interaction, and instructions for solving problems, are components that are necessary for skill
acquisition. The fifth factor, motivational content, was reasoned to be an important factor in
determining how well learners will adopt the new information and how actively they will
continue to apply the learned skills after the training. Good coverage of system functionality is
essential in order to enable the users to use the system effectively after the training. The choice
of instructional material is also crucial in determining the learning results.

The number of observed learnability phenomena that are related to each of the factors is
presented in the following table. The factors will be presented in more detail in the following
sections.

Table 12. Learnability factors and phenomenarel ated to training.

Factor influencing lear nability - Number of related learnability phenomena
Conceptual information 45

Exercises 44

Instructionsfor basic interaction 14

Instructionsfor solving problems 16

M otivational and orientational content 3

Coverage of essential system functions 9

Material types 13

Conceptual Information

It was stated in section 2.4 that conceptual information should be included in training.
Conceptua information will help the user to build a mental model of the subject. For skill
learning, mere memorization of procedures is not enough but it is desirable to understand the
procedure on conceptual level.

Severa observations that were made during the training or in after-training meetings indicate
that not enough conceptua information was delivered in training. Users did not know all the
concepts that are related to the core tasks and therefore they had problems reaching the end
result. Examples of comments indicating missing conceptual information are presented below.
The comments are related to the drawing classifier and template editor that can be used for
modifying drawings, and the freeze command that can be used for keeping the modified items
in adrawing.

LTaU5 "Drawing classifier and template editor... what are they? | have no idea."
LTaU2 "Well... Thiswasaso... dimtome..."
LTaU2 "Yes... s0... we did not go through it but... herewas also... It isrelated to this,

this freeze. It of course remained a bit unclear. Locking was clear so that you
cannot access it but freeze was... it does something corresponding.”
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Exercises

In section 2.4, it was stated that it is necessary for skill learning to practice operations by doing
exercises. A considerable amount of exercisesisincluded in Tekla Structures training which is
very good. However, it was noticed that users did not always remember how to perform an
operation that they practiced in the training. Sometimes they did not even remember practicing
them all. Providing very detailed step-by-step instructions may have resulted in a surface
learning result that could not be applied in new situations. To overcome this problem, the
nature of the exercises should be reconsidered.

Examples of comments that indicate that either a certain procedure is not practiced enough or
the nature of the exercise is not the best possible are presented below.

LTau2 "Here were these... Hm. How did | forget it that fast?"
"Thiswas till... | have forgotten... How to create views there. How to get to
the dialog box."
"Where was it? We went through it (in the training).”

LTaU4 "We haven't done this before. Or we have... | just don't remember!”

LTaU5 I think we should get to do more ourselves in the course. We should get to do

more and then it would become familiar. That is at least how | learn, others may
learn differently.

Instructions for Basic Interaction

It was observed that users were not familiar with all the basic interaction strategies even after
the training. However, teaching those strategies thoroughly in the training would have raised
productivity during the post-training learning period. This is because users would not have
needed to spend time with simple interaction problems.

In Tekla Structures training material, instructions for basic interaction are included in the step-
by-step instructions. This is one possible way to deliver the information but it is necessarily not
the most efficient one.

Examples of basic interaction strategies that users were observed not to be familiar with are
presented below.

TO U2 "How do | pick apoint and enter a numeric location?"

TO U5 "Can you show once more how to select the starting point?"

LTaUl "It was a bit unclear to me where it actually snaps.”
"But it does not take it! It does not snap.”

LTaU3 "If | giveit from the middle point, which | don't want, then | have to change the
snap settings. | don't remember how to."

LTaU5 "They are again these, | don't know about these at all, these snaps. What |

should grab and when. Object, components, select object..."

Instructions for Solving Problems

Aswas written in section 2.4, users will unavoidably face problems when using a new software
application. This was true also in the case of Tekla Structures. However, it was observed that
users were not very well prepared for solving problems. In the training, they always asked help
from the instructor when facing problems. During the scenario-based learnability test, they
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either asked help from the observer or often smply gave up. To change this, users should be
equipped in training to solve problems. This would help them to use the application
independently when no instructor or observer is available for help.

Example of a user comment during the learnability test is presented below. The user asked for
help from the observer and did not try to solve the problem by e.g. looking at the help pages.

LTaU3 "If it still saysthat it is not good, | need some help.”

Motivational Content

In section 2.4, motivational content was said to be important because it can affect the learning
behavior of users both during the training and after the training. It could be heard from user
comments that starting to use new software causes major changes for their work. Users
motivation after the training may have been too low, as only two of them had used the software
after the training. Naturaly, the reason for this may aso be something else than the
motivational factors, such as commands received from a manager. However, al the
motivational elements that are available for the training should be used. Orientational elements
in the beginning of the training, for example, would have helped the user to get motivated to
learn the subjects and to connect them to the existing information.

A comment that indicates the need for orientational material is presented below. The comment
isalso related to presenting conceptual information.

LTaUl "But, yes. | have such critique for the training that you could not really piece
together what we were doing. Here are macros and custom components, but
what isthe classification for them. We looked at them with the binoculars, but |
don't really know for example what the symbols mean. It isthe basic
information that we did not hear at all. There could be some explanation when
we take some tool, that this triangle means this, and what are the differences
between components and connections, and why thereis a certain figure
somewhere and another one elsewhere.”

Coverage of System Functionality

The importance of analyzing user needs was stated in section 2.4. Only after this can the system
functions that are essential for the participants be addressed in training. It was noticed in the
observations that some central tasks had received only alittle attention in the training and users
had problems with performing them. Users said that especially exporting and importing data is
important in their work and therefore it should have been covered in the training.

Observed issues that are related to the coverage of essential system functions are presented
below.
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LTau4

LTaUl

LTbU3
TMA

TMA

TO

TO

LTaU3

"I should have asked that on the course. But he did not show it at all. Or did he?
We have had it many times that a person is on holiday and he has drawn
something with Xsteel, and then | had to get a drawing. We tried to make a
DXF but we did not succeed. There was nobody near there that knew how to do
it."

"Making exceptional geometriesis difficult."

"We could model some rather difficult thing and made some changesin it."

"I don't remember seeing this (export) diaog at al. Did we use it in training?"
There are less than 10 pages of material available for creating grids, updating
drawings, exporting / importing data, and specifying model properties.

There are more than 40 pages of material available for creating concrete or steel
parts, creating connections, and creating drawings.

Less than 20 minutes were spent with creating views, creating grids, modifying
concrete or steel parts, creating numbering, updating drawings, creating reports,
exporting / importing data, specifying model properties, and modifying
catalogs.

More than 2 hours were spent with creating concrete or steel parts, creating
reinforcements, and modifying drawings.

"This might have been taught in the training, but there was so much
information, | might have gone past."

Material Types

The material type that is used in training and provided for additional support should be
carefully considered. Several observations concerning the appropriateness of different material
types were made in this study. It was noticed that different material types fit different
situations; for example, users prefer using printed material in the training, but later, instructions
on the computer screen would be advantageous. The quality of the materia design aso
naturally affects users' perception of its appropriateness.

Examples of issues that were observed in this study and that indicate the particularity of user
needs in each learning situation are presented in the following table.

SSQ
SSQ
SSQ

SSQ
LTb U3
LTaU5

LTaU6
TMA

TMA
TO

TMA
TMA

Instructions on the computer screen got a very high score in the first subjective
satisfaction questionnaire (score 4.7).

Printed training material got a very high score in the first subjective satisfaction
questionnaire (score 4.5).

Training material CD got alow score in the subjective satisfaction
questionnaires (2.8 and 1.2).

Context-sensitive help got alow scorein the subjective satisfaction
questionnaires (3.0 and 1.0).

"Of course, if | would have the manual here, it would be easier. Helpis of
course also available. | probably need to use it at some point."

"Training material is good, but | think it should be in Finnish."

"The correct number was here in the material somewhere."

In the training, users had both the printed tutorial and an electronic version of it
available. Asall the screen space was needed for the modeling software, all the
users chose to use primarily the printed version of the tutorial.

Thetraining material folder contains 452 pages, of which 363 pages form the
concrete training package.

300 pages were covered in the observed training.

There are 130 references to electronic documentation in the training material.
Training material isdivided into 17 lessons. Each lesson is divided into
subsections that are numbered with one decimal, e.g. 3.2. The subsection may
be divided into unnumbered sub-subsections. Sometimes there is also afourth
heading level. In addition, step-by-step instructions contain a subtitle in the left
margin.
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6 Learnability Guidelines and Improvement Suggestions

6.1 Overview of Guidelines and Improvement Suggestions

The following figure shows that we are now in the last phase of our research activities.

Individual Training L il
; - ] earnability
floniod Identifying Mental focratiol tests Identifying Analyzing
core model learnability learnability
G tasks interviews Training : phenomensa fact
Group material Subjective e
discussions analysis satisfaction
guestionnair

Figure 24. Progress of the research activities: suggestions for improving learnability.

The classification of factors affecting learnability and the list of learnability phenomena was
used to create suggestions for improving the learnability of the Tekla Structures system. As
there were over 200 observations concerning learnability and amost all of them would lead to a
suggestion for improvement if processed further, it is not possible to present all the possible
improvements here. Instead, some general guidelines were created and they were illustrated
with examples. Many user comments rel ated to the examples were presented in chapter 5.

For each factor affecting learnability, a set of guidelines was created. It was ensured that if all
the guidelines related to certain learnability factor would be followed, all the observed
learnability problems that were related to the same factor would be covered.

For some of the problems, detailed suggestions were created in order to demonstrate how the
guidelines should be applied and in order to enable quick improvementsin learnability.

When prioritizing the suggestions, the simple improvements that are easy to implement and are
unambiguous should have a high priority. They will surely reduce the problems that novice
users face but will not cause harm to expert users either. The cost-benefit ratio for these
improvements is small, as they do not require a considerable amount of work for writing
specifications and implementing.

However, it is aso important to reserve time for larger redesign tasks related to task sequences
or system features that users considered being difficult to learn. This requires careful needs
analysis and optimization for both ease of learning and efficiency.

The prioritization of suggestions for improvement is not presented in this thesis, but a careful
priority assessment for the suggestions will be made later together with members of the Tekla
organization. The availability of implementation resources will affect the priority of different
types of improvement suggestions.

6.2 User Interface

Overview of Guidelines Related to the User Interface

27 guidelines altogether were formulated for improving the learnability of the user interface.
The guidelines are presented in the table below and explained in more detail with illustrative
examples in the following sections. The guidelines can be used as a checklist when designing
new user interface elements. The parts of the user interface that were not covered in this study
can also be compared against the guidelines and necessary adjustments can be made. Naturally,
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applying the guidelines requires carefully considering the user interface element in question
and possibly some expertise in human-computer interaction.

Table 13. Guidelines related to the user interface.

L ear nability .~ Guidelines

factor

Visibility of 1.1 | Collect the related operations to the same location.
operations 1.2 | Makeal controlsvisible.

1.3 | Visuadly distinguish items that cannot be used in a certain situation.
1.4 | Support direct manipulation.

1.5 | Direct the user to giving the right input.

1.6 | Avoid states or if it is not possible, indicate the state clearly.
Feedback 2.1 | When the user performs an action, the system must respond.

2.2  If the user triesto perform an operation that is not possible in a certain
situation, give directive feedback.

2.3 | Indicate the existence of hidden information.

Continuity of task | 3.1 | Provide adirect link between successive actions.

sequences 3.2 If doing amain task requires completing a subordinate task first,
integrate the two task series.

Design 4.1 | Usecontrolsthat are familiar from other applications.

conventions 4.2 | Usefamiliar task sequences for operations that are not domain-specific.

4.3 | Provide templates to direct the user to follow the desired design

principles.

Information 5.1 | Organize menus so that they support user tasks.

presentation 5.2 | Design descriptive labels.

5.3 Do not use system-oriented symbols or abbreviations.
5.4 Do not present any unnecessary information.

User assistance 6.1 | Provideinformation on existing objects.

6.2 | Inform users about errors.

6.3 | Giveingtructions for solving a problem.

6.4 | Design clear instructional texts.

6.5 | Provide advanced and beginner mode.

6.6 | Provide severa forms of user assistance.

6.7 | Integrate user assistance with the system interface.
Error prevention | 7.1 | Automate operations that require unnecessary actions.
7.2 | Change errorsto aternative paths of operation.

Detailed suggestions for improving certain user interface elements were created in addition to
the guidelines. A descriptive improvement suggestion is presented for each learnability factor
in the following sections. More improvement suggestions are presented in appendix P.

For some learnability problems in the user interface, it was easy to create an improvement
suggestion. If the user interface violated some generally known usability principle, the solution
was to change the user interface to follow this principle. Some problem descriptions actually
contained the solution in themselves. For example, as users looked for drawing commands only
in the Drawing menu and the drawing wizard command was located in the File menu, the
command could not be found. A self-evident solution was to move the command to the
Drawing menu. For other problems, creating an improvement suggestion required more effort.
Thiswas especialy true for problems that were related to a complex task sequence. To redesign
these task sequences, it is necessary to know the user needs very well.
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Visibility of Operations

As was stated in section 5.2, a novice user cannot rely on his memorization in determining the
available operations and the right input. Therefore, all operations should be made visible in the
user interface. The guidelines suggest ways to do this in practice. Collecting related operations
to the same location such as one dialog or menu (guideline 1.1) helps the user to find al the
possible operations at the same time and not just a subset of them. Making all controls visible
in the user interface (1.2) and hiding or disabling controls that cannot be used (1.3) guides the
user to select the correct operations. Direct manipulation (1.4) is a natural interaction strategy
and means that the user can manipulate objects that he sees directly, without having an
intermediate layer such as a dialog in between. Directing the user to giving the right input (1.5)
refers to showing an example or explicit instructions for inputting information. States should be
avoided (1.6) because having different operations available at different times may confuse the
user.

Example of applying the guideline 1.3 is deactivating the buttons that do not have any effect or
cannot be used in a certain state.

[ ok, ” Apply [|7 i ] [ Cancel ]

Figur e 25. Buttons should be unavailable (gray) when they have no effect or cannot be used.

Feedback

Feedback is crucial for novice users because otherwise they will be unsure of the results of
operations as well as the system state. Therefore, the system must give feedback both when the
user performs a successful operation (guideline 2.1) and when he tries to perform an operation
but does not succeed (2.2). One kind of feedback is indication for the existence of hidden
information such as objects that are not visible (2.3). There are many possihilities for the design
of feedback messages. Messages could be shown in the status bar, where they do not bother
experts but are useful for novices. In some situations, it may be feasible to open a message
dialog to make sure that the feedback is read. In other situations, other than textual feedback
might be the most appropriate.

Example of applying the guideline 2.2 is opening the drawing list automatically after a user has
created drawings. Currently, the only indication about a successful drawing creation process is
a text in the status bar. Many novice users were wondering if the system had done anything
even though it actually had created drawings as the user requested.

Continuity of Task Sequences

Task sequences should be planned so that when the user starts an operation, he is led until the
end of it by the system. Successive actions should be linked so that the user never needs to
access several menus or severa separate dialogs to compl ete one action sequence (3.1). Instead,
the dialogs may be linked with buttons or simply combined (3.2). Making task sequences
continuous requires redesigning parts of the user interface. However, this should be done,
because continuing task sequences will make the use of the system much easier for both
novices and experts.
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Example of applying the guideline 3.2 is integrating the numbering and drawing creation
processes. Numbering is required before creating drawings but users often forget it and get a
warning message. They should be provided the possibility to number parts directly from the

message dial og.

(¢l Warning X

& Murnbering i fat up ko date |

Figure 26. The old message that was shown when numbers had not been assigned.

¥ Run numbering

You need o run numbering

before creating or opening
drawings ar reparks,

To proceed, click Run numbering.

[ Run nurmbering H Zancel l

Figure 27. A redesigned message that allows for numbering directly from the message.

Design Conventions

Following design conventions enables users to transfer their skills from applications they are
familiar with. Most users are familiar with common office systems, web applications, and
drawing software, for example, and therefore using similar controls (4.1) and task sequences
(4.2) will enable users to transfer their skills to a new application. Templates should be
provided for creating documents, to assist the user in creating output that follow the
conventions of the particular system (4.3)

Example of applying the guideline 4.2 is replacing the Filter field on the Open file dialog with a
Browse button. Currently, the user can enter a path into the Filter field to see filesin a certain
directory. The conventiona method to see the files is to click a Browse button that opens a
separate window where the user can graphically browse thefiles.



(¢l Open model

Filter: |"x'\.a-manta"\prnd'\TeklaStruu:tures'\Mndels'\.D emokdo | [

Filker

Directaries:

taodel directonies:

Ywa-mantahprodh T eklaStuctures'ModelshDemobdodelz\Tc
“Wha-mantahprodi T eklaStucturessWodelz\DemobodelshT e
Ywa-mantahprodhT ek['\\(‘i)tructures"-.h“l odelzhDemobdodelshT ¢

< | >

BELLTOWER

| Wa-mantahprodh T eklaStructures'M odelz\D emobd odelzh T owers

Figure 28. The old dialog for opening files.
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Figure 29. A redesigned dialog for opening files.
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Information Presentation

Clear information presentation is especially important for novice users. The guidelines present
some practical suggestions for how information could be presented clearly. Firstly, menus
should be organized according to users tasks (5.1) because that will both make them more
efficient to use and help the user to find commands in menus. Secondly, labels should be very
descriptive (5.2). They should not be made so short that understandability suffers. No system-
oriented abbreviations or symbols should be used or at least explanations for them should be
easily available (5.3). All the information that is not needed, such as advanced options, should
be hidden (5.4) because it will cause unnecessary cognitive |oad.

Example of applying the guideline 5.3 is replacing the symbols <--' and <-- with text on the
dialog that is used for setting the part mark content. The symbols have been designed to
resemble the keyboard labels for Enter and Backspace, but users did not understand their
meaning.

Awailable element A Elements in mark Available element Elements in mark
Coss | << Name > e e

Size <! Size =< Line break >
Length << Profile »» Length Profile

Camber << Matenal > Camber b aterial

Fittingz [M5/F5) Fittings [M5/F5]

Face direction Face direction

Giage of qutstandi Gage of outstandi

Center-to-center d Center-to-center d

Usger-defined attrib |J=zer-defined attiib

Text Text

Symbal Syrnbal

= <« Line break ==

. << Backspace =3

w w
< » < > < » 4 >
Figure 30. Old symbols. Figure 31. Symbols replaced with text.

User Assistance

User assistance strategies should be designed and implemented in the user interface.
Information on existing objects should be easily available (6.1). Users should be assisted when
they encounter errors (6.2) or face problems (6.3). The system should recognize these situations
and instruct the user to fix the issue. Instructional texts should be clearly worded and complete
(6.4). It may be necessary to provide an advanced and beginner mode to avoid burdening an
expert user with unneeded instructions but to provide enough help for a beginner (6.5). Several
forms of user assistance may be needed to serve al information needs (6.6). In addition to a
separate help file, there could be short help messages related to different dialogs or controls and
the messages could be accessible by a single mouse click. The status bar should also be used
for presenting messages. In critical situations, it may be useful to show additiona pop-up
messages. User assistance should be integrated very closely with the user interface elements
(6.7) so that user could easily access the information that is related to the user interface element
that he is currently operating on.

Example of applying the guideline 6.1 is providing explanations for the one-letter abbreviations
in the drawing list. Example of applying the guideline 6.4 in turn is giving detailed instructions
for picking points in the status bar. The current user interface shows the default prompt "Pick
polygon position" in most situations. The prompt is not informative enough, and therefore it
should be replaced with a more precise prompt.
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Lock, Freeze Uptodate Created b odified
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Figure 32. Abbreviations should be explained with atooltip.

b s e e n B b |

|<

Pick the corner points of the slab. To finish, press the middle mouse button,

Figure 33. Instructions should be given in the status bar.

Error Prevention

The errors that many novice users encounter should be prevented if possible. A set of most
common errors were found in this learnability study and correcting them will reduce the
number of errors considerably, even though there may be also other common errors that were
not revealed in this study.

There are two types of errorsthat are especialy easy to prevent. Automating the operations that
do not require decision from the user (7.1) will reduce the amount of errors. In addition, the
harmfulness of some errors can be reduced by providing an easy way for the user to recover
from them (7.2). In some cases, an error could be changed into an alternative path of operation
by allowing the user to perform an action that was not previously allowed.

The guideline 7.1 can be applied to for example the Create grid views dialog. When grid views
are being created and there is only one grid in the model, the grid should be selected
automatically. Currently, the user always has to select a grid in the model before clicking the
Create button on the dialog, even if thereis only one grid in the model. If he forgetsto do it, he
gets an error message.

6.3 System Structure

Overview of Guidelines Related to the System Structure

11 guidelines concerning the system structure were formulated. The guidelines are summarized
in the following table and presented in more detail in the following sections. The guidelines can
be referred to when designing new features to the system or when planning which new
concepts are introduced to the system. The guidelines remind of issues that may either hinder or
support correct mental model formation.
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Table 14. Guidelines related to the system structure.

Learnability factor = Guidelines

Differencesin 1.1 | Do not change the functionality but assist users with learning it.
functionality
Differencesin 2.1 | Follow design conventions for controls and task sequences.
interaction styles 2.2 Allow the user to interact with objects asin other similar software
applications.
2.3 Usemenu titlesthat are familiar from other software applications.
Concept clarity 3.1 | Useterminology that isfamiliar from the real world or other software
applications.

3.2 Avoid terminology that may be cause incorrect associations.
3.3  Avoid system-oriented terminology.

3.4  Clarify concepts with symbols and images.

Completeness of 4.1 | Provide explanations for new conceptsin the interface.
information 4.2 | Help the user to perform actions.

4.3 | Provide user assistance.

Descriptive examples of improvement suggestions are presented in the following sections after
listing the guidelines for each of the learnability factors. More improvement suggestions can be
found in appendix P.

For some learnability problems concerning differences in mental models and system structure,
it was easy to create a suggestion for improvement; for others, it was not even possible. If
problems are due to differences in the functionality of software applications, the only solution
may be to aid the user in learning to understand the difference. Eliminating the difference may
not be possible or even desirable. However, for problems that were due to ambiguity of
concepts or unclear information presentation, it was possible to create a suggestion for
improvement. Some more research should be done to check if the suggested terminology
corresponds to the one that is used in the real world.

Differences in Functionality

Usudly it is not desirable to change the functionality of the system to correspond to the
software application users are familiar with, even if that would facilitate learning. However, the
most fundamental differences between the system in question and other common software
applications should be taken into account when planning training or creating instructional
documents and made explicit by designing a descriptive user interface. (Guideline 1.1)

This applies to the fact that drawings and views are separate concepts in the Tekla Structures
system, whereas in most two-dimensional drawing applications they are the same. The
difference cannot be eliminated but it should be taught in training and explained in the training
material.

Differences in Interaction Styles

Allowing users to interact with the model with the strategies they are familiar with would aid
novice users but in most cases, it would also be advantageous for experienced users. As was
aready mentioned earlier, design conventions for controls and task sequences should be
followed (2.1). In addition, if there are established practices for interacting with objects in
software used in the same domain, users should be alowed to use the same interaction
strategies when using the new system as well (2.2). The same holds for menu titles; established
practices for menu names and organizations should be followed (2.3). All these issues will help
the user to transfer their skillsinto new software.
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Guideline 2.2 can be applied for example by providing the user the possibility to resize objects
by selecting aline or aface and dragging it to the desired direction. Currently, parts can only be
resized by entering dimensions into the part properties dialog or by manipulating points that
define the part.

Figure 34. Users should be allowed to resize parts by dragging.

Concept Clarity

Clarity of concepts is important because it will enable users to add the new concepts correctly
into their mental model. Terminology choices are crucia in this. Terminology that is aready
familiar to users should be adopted (3.1), whereas terminology that is familiar from wrong
contexts (3.2) or system-oriented (3.3) should be avoided. Concepts can be clarified with
pictures or symbols on the corresponding dialogs or controls (3.4).

Guideline 3.1 can be applied to many individua commands that have nondescriptive names.
For example, the label of a button Freeze should be changed to a more descriptive one. A
suggestion for the label is Keep modifications as that is what the command essentially does.

Completeness of Information

Complete information will help the user to understand the system structure and functionality,
which in turn will help to form a correct mental model of the system. Explaining new concepts
(4.1) will help users to assimilate new concepts into their mental model, and descriptive
instructions for performing actions (4.2) will help to assimilate new task sequences. User
assistance in genera (4.3) will help users to understand the operating logics of the system. It is
important to note that the need for user assistance stems partly from the need to understand the
system and to form a correct mental model.

Example of guideline 4.2 is restructuring the AutoDefaults setup dialog. The dialog should
communicate its purpose and usage to the user so that even a novice user could understand for
what purpose the dialog is intended. The name of the dialog should be changed to a more
descriptive one, Default properties for connections, as this name describes what the dialog is
actually used for. A short instructional text should be added onto the dialog. The connections
should be grouped into logical groups as elsewhere in the system, e.g. Splice connections,
instead of the numbered groups, e.g. Components 2.
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Figure 35. Old AutoDefaults setup dialog.

6.4 Training

Figure 36. Dialog with descriptive information.

Overview of Guidelines Related to Training

26 learnability guidelines related to training were formulated. The guidelines are summarized
in the following table and presented in more detail in the following sections. The guidelines are
based on the observations made in this study and they are expected to summarize the issues that
affect the learning result the most. The contents and organization of training can be compared
against the guidelines to find the necessary adjustments.
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Table 15. Guidelines related to training.
L earnability factor | Guidelines

Conceptual 1.1 | Clarify the meaning of unfamiliar terms.
information 1.2 | Explain the relationship between concepts.
1.3 | Clarify the underlying principles that determine how the system
should be used.
Exercises 2.1 | Introduce the basic form of an operation and require learners to apply

it to new situations.

2.2 Encourage learners to actively process the information.

2.3  Statethe goal of each exercise clearly.

2.4  State the conditionsin which the operation can be performed.

Instructionsfor 3.1 | Demonstrate how to interact with objects.
basic interaction 3.2 Demonstrate how to adjust the basic settings.
3.3 Demonstrate how to use the basic controls.
Instructionsfor 4.1 | Tell users about the available documentation.
solving problems 4.2 | Demonstrate how to use the documentation.

4.3 | Tel how to contact support personnel
4.4 | Addressthe most common causes of error.

M otivational 5.1 | Summarize the contents of the training in the beginning of it.

content 5.2 | Addressthe issues that each learner will need in his work.
5.3 | Follow-up with learnersif possible.

Cover age of 6.1  Get to know the participants and their needs.

essential system 6.2 | Adjust the material to cover all the core tasks.

functions 6.3 | Adjust thetime that is spent on each core task.

Material types 7.1 | Provideintegrated help.

7.2 | Provide printed material or dual monitorsin training.
7.3 | Limit the amount of material.

7.4 | Design aclear layout for material.

7.5 | Provide materia in the native language if possible.
7.6 | Provide search possihilities.

Detailed suggestions for improvement were also created and examples of them are presented in
the following chapters. More suggestions can be found in appendix P.

Suggestions for training are not as exact as suggestions for user interface or system structure.
This is due to the fact that the user interface and the system are 'static' and remain the same in
al situations whereas training is always customized according to user needs. However, the
suggestions given here can be used to modify the basic structure of the training, and each
instructor can adjust the basic structure to fit the needs of each learner group and learning
situation.

Conceptual Information

It was written above that users did not understand all the concepts that are related to the task
sequences they perform. It was aso noted that some more explanations for concepts and
interaction principles are needed. It would be especially important to explain the meaning of
terms that are not used in real life such as AutoDefaults, AutoConnections or Drawing
classifier (1.1). The relationship between concepts should also be explained (1.2), as well as the
operating principles of the system (1.3). If these are not explained thoroughly, users may learn
to perform a task sequence by looking at the example given by the demonstrator. However,
they may soon forget it if they have not understood the idea behind it.

An example of applying the guideline 1.2 is explaining the relationship between different
connection and component types, such as System components / connections, Custom
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components / connections, and AutoConnections. A visual connection map could be created to
illustrate the types of components and connections as well as situations in which they can be
used.

Exercises

Introduce the basic form of an operation and require learners to apply it to new situations.

Exercises should be designed so that they produce long-term learning results on all the central
operations. To facilitate deep learning, learners should apply each basic operation into a new
situation (2.1). In practice, the instructor could demonstrate a basic operation briefly on the
screen and after that, the learners could be given exercises that require applying the
demonstrated operation. In addition, the instructor should encourage learners to process the
information actively (2.2). This can be done for example by asking questions that require
analyzing the user to analyze the phases of the exercises further. To motivate learners and to
clarify the connection between the exercises and accomplished tasks, the goal of each exercise
should be stated (2.3). In addition, the conditions in which each operation can or should be
performed should be explained (2.4).

Examples of task sequences that could not be memorized as they were only practiced through
following step-by-step instructions in the training are creating fittings, creating
AutoConnections, defining Custom Components, and creating part cuts. These basic operations
should first be demonstrated by the instructor in a very simple case such as cutting the part of
the beam that overlaps with a column. The learner should then be asked to apply the operation
to anew situation such as creating a rectangular hole using a part cut. (See guideline 2.1.)

Figures 37 and 38. Simple part cut.
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Figures 39 —42. Applied part cut.

Instructions for Basic Interaction

Even though basic interaction strategies may be clear for an expert or an instructor, they will
not become clear for a novice user during the training unless they are explicitly explained.
Therefore, instructions should be given for interacting with objects (3.1), adjusting the basic
settings (3.2), and using the basic controls (3.3).

For example, the following interaction techniques (see guideline 3.1) should be explained and
demonstrated in the training: moving parts, using handles, snapping and picking, determining
view properties, and changing part size. Users had problems with performing these basic
actions even after the training.

Instructions for Solving Problems

Solving problems is an essential activity in using software applications, and users should be
prepared for it aready in the training. To do this, the available documentation should be
introduced (4.1) and use of it should be demonstrated (4.2). Users should also be given the
contact information of support personnel (4.3). The most common causes of errors, some of
which have been revealed in this study, should be addressed in the training (4.4).

Guidelines 4.1 and 4.2 should be applied by demonstrating the use of the help file in the
training. The participants should be told how the help file can be installed (it requires separate
installation) and how it can be accessed. An overview of the contents of the help file should be
given in the training.
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Figure 43. The help file should be introduced in the training.

Motivational Content

Some orientational and motivational material should be added to the training material.
Summarizing the contents of the training in the beginning of the training session (5.1) will
motivate the learners and help them to start to connect the learned material to their existing
knowledge. An important factor in determining the motivation level is whether the training
addresses the issues that each user needs in their work (5.2). The contents of the training may
even need to be customized a little for each participant. Keeping the motivation level of users
high also after the training may require contacting them after the training (5.3) and asking about
possible problems or wishes.

The guideline 5.1 could be applied by providing a written overview of training contents to the
participants and going through the document in the beginning of the training. The table of
contents of the training material should also be reviewed with the participants. Some or all of
the orientational material could be sent to participants beforehand.
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Coverage of System Functionality

To ensure the usefulness of training, user needs should be carefully researched and analyzed.
Getting to know participants and their needs (6.1) was mentioned above as a motivating factor
and it is essential in determining which parts of the system should be covered in a certain
training session. Information on the core tasks of the users should be used for adjusting the
amount of material for each task (6.2) and time that is spent with each of themin training (6.3).

Severa issues related to the guideline 6.1 were observed during the research activities. For
example, most users said they need to export and import data to work with colleagues that use
different software applications, but exporting and importing were not covered in training. The
training contents should be adjusted so that these issues will be covered.

Material Types

When material for a certain learning event such as training is being chosen, advantages and
disadvantages of each materia type should be compared to the specific requirements of the
learning situation. Several observations in this study support the requirement for an integrated
help (7.1) that means instructions integrated into the user interface instead of shown in a
separate window. In addition, it was noticed that it is necessary to provide printed material or
dual monitors in training (7.2). The user can be aided in going through and understanding the
material by limiting the amount of material (7.3), designing a clear layout (7.4), providing
material in native language (7.4), and providing search possibilities (7.5).

To apply guideline 7.4, the material structure could be clarified by formatting the heading

styles. Only one heading level without outline numbering should be included. In the printed
material, each subsection could be started on a new page.

7 Conclusions

7.1 Comparison of Methods for Evaluating Learnability

Several methods were used in this study for evaluating learnability. The advantage of using
many different methods is that they complemented each other and enabled us to assess different
phases of the learning process. The disadvantage of using several methods is that the data
obtained with different methods is not always commensurate. Extracting a set of learnability
factors from this diverse material was challenging. However, a classification that seems to fit
all the data could be created.

Of the individual methods, we consider the mental model interview, training observation, and
scenario-based learnability tests to have been the most useful. They produced most material for
the analysis of learnability factors and creation of suggestions for improvements. The training
material analysis method and subjective satisfaction questionnaire were considered less useful
but they also produced some information for the analyses. Next, we assess the usefulness of
each method separately. This information can be used by other researchers when they plan
methods for evaluating learnability.

In the mental model interviews, users were able to verbalize their expectations for the user
interface that they saw in front of them rather well, even though it was speculated beforehand
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that it might be difficult for users. Letting them to try the simplest functions themselves
revealed the difficulties that a user may face when he tries the system for the first time.

In the training observation, alot of information was acquired on both the level of learnability of
different task sequences and specific learnability problems in user interface elements. In
addition, training methods could be assessed and factors that affect the effectiveness of training
could be extracted. The Tekla Structures system differs from many other systems in that
training is regularly organized for new users. This allowed us to get to observe training sessions
easily. The problem related to the training observation method was that as there were many
users doing their tasks at the same time, the observer could not see all their actions and may
have missed some interesting point.

The training material analysis method supported the training observation method. However, the
training material analysis method contributed to the formation of the learnability factors less
than the other research methods, as its focus was very narrow and also because there was not
much observational material on the training material usage available. On the other hand,
training sessions follow the structure of the training material very closely, and therefore the
training material must be addressed too if changes are to be done in training sessions. For self-
learners, the quality of training material is even more essential.

The scenario-based learnability test followed the test setup of traditional usability tests.
Usability tests have been considered as an effective method for finding usability problems in
the user interface. The method proved to work well in this study too. A lot of information on
usability problems and factors affecting learnability was acquired.

The results of the subjective satisfaction questionnaire could be used to compare the
observational information to the subjective opinions of users. These two proved to be rather
well in line even though there were some discrepancies. The results of the subjective
satisfaction questionnaire aso indicate which features users consider the most inconvenient to
use. However, the problem of the questionnaire method is that different users may interpret the
questions differently which may affect the results. Different users may also use rating scales
differently.

During the research, we have been thinking especially over the relationship of training
observation and learnability tests as methods for evaluating learnability. In many cases, training
is not regularly organized for new users, but if it is, it should not be overlooked as a learnability
evaluation method.

In training observation, we noted 111 learnability phenomena, and in learnability tests, we
noted 137 phenomena. Thus, the difference in the number of phenomenais not large. However,
the training observation enabled us to observe a larger selection of system functions than one-
and-a-half hour learnability tests. Training observation also produced more information on the
learnability of task sequences whereas learnability tests concentrated on the learnability of
single user interface elements. In addition, the total time spent by the researcher, including that
of material preparation and data analysis, was longer for learnability tests than for training
observation. Training observation required less preparation because training contents were
selected by the instructor to represent the task domain in the best possible way. Naturaly,
learnability tests have their advantages; for example, the observer is able to see every action
that the user does, whereas in training observation, he needs to divide his attention among
many participants. In addition, learnability tests organized in laboratories can provide the
opportunity to stabilize environmental variables or use sophisticated tracking and recording
equipment.
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In this study, we had enough resources to use the combination of training observation and
learnability tests, among other research methods. We think that using several methods produced
more extensive and useful results than any single method could have produced.

7.2 Reliability and Validity of Data

In qualitative research, the outcome of the analysis is aways a combination of the empirical
data and the interpretation of the researcher. Even if the researcher tries to avoid biasing, he
always brings his own preconceptions and ways to interpret data into the research. This reduces
thereliability of the data even though not usually dramatically.

The observer bias can be partly avoided by planning the observational methods carefully and
using predefined templates for recording observational data. Observation templates were used
in this study too. However, even the use of templates requires some decisions from the
observer: which events she records as learnability problems, how she writes down the user
behavior, or if she interprets the actions of users correctly. The classification of learnability
factorsis especially prone to researcher bias. The researcher has classified the factors according
to her best understanding, but several other classifications would certainly be possible too.
Nevertheless, the classification developed in this study was compared with classifications made
in other studies, and the results seemed to support each other rather well. Yet, this does not
eliminate the fact that the researcher effect is certainly seen in the classification of the factors.

Some possible biases can be forecast by examining the background from which the researcher
is looking at the observational data. The writer of this thesis has experience in the human-
computer interaction branch but less experience on the educational branch. Even though this
study includes also factors concerning the effect of training on learnability, the emphasisis on
the effect of the user interface. A pedagogist would probably use different methods for
evaluating training results. The methods used in this study come mainly from the research body
of human-computer interaction.

Even though the learnability factors were extracted directly from the observational data, the
three categories for learnability factors, namely user interface, differences between the mental
models of users and the system structure, and training, were predefined. The question arises
whether the categories were chosen correctly. However, the categories were chosen on the basis
of literature research that was done in the beginning of the project, and the three issues have
been recognized by many researchers, even though they have not usually been studied together.

The number of test subjects, six users, is rather small, which also affects the reliability of the
results. The number was considered very small especialy in the second observation, in which
users were divided into two groups whose performance differed from each other: users that had
used the system after the training, and ones that had not. The groups contained only two and
three users, and therefore it is hard to draw conclusions of the performance of these two groups.

The subjects of the study were dightly untypical in that four of them had two years or less
experience of building modeling. On average, a user that starts to use the Tekla Structures
system has worked in the building modeling branch for severa years during which time he has
used two dimensional drawing software applications. A different combination of users as
subjects of the study would probably have produced dlightly different results. However, it is
assumed that similar issues affecting learnability would be found even with somewhat different
user groups. If the study would have concerned efficiency of expert users, the differences
between user groups may have been larger, as each user would have developed his own
strategies for interacting with the system and the strategies may have varied alot.
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An issue that adds to the validity of the results is that many of the learnability phenomena were
observed with severa research methods. In addition, the same phenomena were often
encountered with several users. If many of the six users face a certain phenomenon, it can be
expected that of a larger population, a remarkable percentage of users would face the same
phenomenon.

All the research templates, questionnaires, and other material that were used in empirical
methods are included in the appendices. Therefore, the experiments can be repeated by any
researcher. The results would probably be dlightly different because of different user groups
and statistical issues, but it can be expected that observations supporting each of the learnability
factors presented above could be made.

7.3 Implications of the Results

18 factors affecting learnability were found in this study. These factors can be used as a general
framework for understanding the learnability of Tekla Structures.

This study also includes suggestions for improving learnability, presented as genera guidelines
and illustrated with detailed examples. The detailed level suggestions can be implemented
without a lot of additional functional specification and therefore they enable quick |earnability
improvements to the Tekla Structures system. The learnability guidelinesin turn can be applied
even to parts of the system or training that were not included in this study.

The need for researching how these suggestions for improvement will actually affect learning
will be discussed in section 7.6. There is also a need to research how the improvement
suggestions would affect the performance of expert users. When creating the suggestions for
improvement, the requirement of efficiency was kept in mind, as it was recognized that
improving learnability should not cause harm to expert users.

Throughout our study, three aspects of learnability are addressed. The learnability factors,
guidelines, and detailed suggestions for improvement are divided into corresponding three
groups. The first group contains issues related to user interface, the second group contains
issues related to differences between the mental models of users and the system structure, and
the third group contains issues related to training. These three aspects were chosen after a
literature study because they repeatedly occurred in the literature considering learnability or the
learning process of software users. The aspects could of course have been chosen differently,
but we found the chosen three aspects to be a feasible framework for analyzing the data we
collected.

The learnability factors, guidelines, and suggestions for improvement that are related to the
user interface should be utilized when analyzing the existing parts of the user interface of Tekla
Structures or planning new interface elements. They contain issues that make the user interface
easy for novicesto learn.

The learnability factors, guidelines, and suggestions for improvement that are related to mental
models should be considered when designing new features to the Tekla Structures system on a
conceptual level or when reconsidering the existing system structure. They should also be taken
into account when introducing new features of the Tekla Structures system to expert users or
when introducing the system to novices. Assimilating the new features as a part of the existing
mental model should be supported. As the learnability factors in this group suggest, the
concepts associated with the system and the way the information on the concepts is presented
are crucia in determining how correct the mental model of users will be.
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The learnability factors, guidelines, and suggestions for improvement that are related to training
provide information on how the learning process of Tekla Structures system can be supported
with training or training material. The guidelines related to training should be compared against
the existing training setup or used as background information when planning new training
sessions. Changes in the user interface cannot substitute the user interface development, but
they can provide quick help with user interface elements that users consider difficult to learn.

We expect that our classification of learnability factors, the learnability guidelines, and the
improvement suggestions are useful for not only the developers of the Tekla Structures but aso
the body of human-computer interaction researchers. Not too many classifications of factors
affecting the learnability of complex systems exist and therefore we expect our classification to
be valuable. As the information technology penetrates to the society, an increasing number of
complex systems for domain experts are being used and therefore information on the factors
affecting their learnability is useful. The classification of factors is based on a body of
empirical data collected with severa research methods. The classification was created with the
grounded theory method, which is a generally accepted method for creating a theory that fits
the available set of data.

The guidelines were created on the basis of the observed learnability problems. They are very
thorough and that is one reason for which they should be interesting for other researchers as
well. Several sets of usability guidelines have been presented in the literature, but sets of
learnability guidelines are less common.

7.4 Applicability of the Results to Other Complex Systems

The factors affecting learnability and suggestions for improving learnability have been created
on the basis of the learnability study concerning the Tekla Structures building modeling system.
However, it would be desirable to be able to apply the results to other complex systems as well.

It was mentioned in section 5.1 that the grounded theory method can be used for creating a
theory that fits the available set of data. The method does not guarantee a theory that can be
generalized. Naturally, if there is another system that is very similar to Tekla Structures, alarge
portion of the results can be generalized to it, but not necessarily all. The factors concerning the
learnability of the user interface and mental models of users are presented on such a general
level that they could be applied to other, dissimilar systems as well, but it is left as the
responsibility of the person that studies the other system to estimate their applicability to that
particular system. The factors concerning training may be more difficult to apply to other
systems as training courses are not even available for many of them and if they are, they may
vary in duration, scope, learning goals, and user population.

Applying the learnability factors to other systems, similar or dissimilar, may require some
expertise on human-computer interaction. For example, most developers will probably argue
that the visibility of operations is a desirable goal for a system design, but it is not easy to
determine how the operations should be made visible.

The guidelines for improving learnability can also be applied to other complex systems, with a
reserve of them being inapplicable to systems that differ from Tekla Structures a lot. The
detailed suggestions for improving the learnability of Tekla Structures can in turn be used to
clarify the meaning of each general guideline.
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7.5 Comparing the Results to Previous Studies

It is interesting to compare the factors affecting learnability and learnability guidelines that
were found in this study to classifications and guidelines presented by other researchers. Most
of the previous learnability research covers the effect of the user interface alone. This is one of
the reasons why we wanted to create a classification of our own and not use the existing
classifications as a basis for improving learnability. Some classifications and guidelines
concentrating on the effect of the user interface were presented in section 2.2. Another reason
for creating our own classification is that the application domain and the context of use among
other things affect the learnability requirements to a great extent. The preexisting classifications
and guidelines would not necessarily conform to the system in question very well.

The classification of learnability factors created by Elliott et a. (2002) contains the following
items: transparency of operation, transparency of purpose, accommodation, and
accomplishment. The first item presented by Elliott et a., transparency of operation, is very
close to the first user interface factor found in this study, visibility of operations. The second
item presented by Elliott et al. (2002), transparency of purpose, has commonalities with several
learnability factors found in this study but is not essentialy the same as any of them. The third
and fourth factors, accommodation and accomplishment, are very different from the factors we
found. They are very general and orientate towards the experience of the user. Our factors
address the characteristics of an easily learnable system on arather detailed level.

The classification presented by Dix et a. (1993, p. 131-137) contains the items predictability,
synthesizability, familiarity, generalizability, and consistency. Predictability and
synthesizability are close to the factors visibility of operation and feedback. Familiarity is
related to concept clarity and to differences in functionality and interaction styles of software
applications. Generalizability and consistency are related to design conventions. As is the case
with most of the learnability factors classifications, the factors found by Dix et a. are
associated mainly with the user interface. Training factors are out of the scope of his
classification. Mental model factors are loosely connected with some of the factors found by
Dix et al. but they do not use the term mental model in his classification.

Rieman et al. (1994) in turn stressed the importance of consistency and presented the following
guidelines: analogies should be used but only if they are inside the context of the program or its
class; graphical cues should be provided that indicate the categories that have similar
functionality; labels should be designed to indicate link the controal to its effect; and clear and
immediate feedback should be provided (see section 2.2). Our guidelines include similar items
as Rieman's, but our guidelines are more detailed. This may be either a burden or a benefit:
going through a long list of guidelines requires a lot of time, but if it is done thoroughly, the
result is probably better than with only a few guidelines.

Our learnability factors and guidelines that are related to differences between mental models of
users and system structure are in line with the theory on mental models (see section 2.3).
According to Chandra and Blockley (1995), learning can be seen as a change in the mental
model. The more the existing mental model on system functionality and interaction strategies
differs from the structure of the new system, the more changes are required in the mental model
and the more difficult the learning process will be. This supports the first and second
learnability factors related to mental models. In addition, it was stated in section 2.3 that mental
models are based on knowledge that is obtained from outside sources and on observations and
experiences that a human acquires. The third and fourth learnability factors, clarity of concepts
and completeness of information, are related to aiding the user to adjust his mental model to
correspond to the actual system structure.

Connections can also be found between the factors related to training and theory on human
learning process that was presented in the beginning of this thesis. In section 2.4, the methods
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for delivering conceptual information and doing exercises were discussed in detail and awealth
of studies have addressed these issues. Even if they are a central part of al training sessions,
there is no general agreement on what is the best practice for delivering conceptual information
or doing exercises. The issues of covering the essential system functions, including
motivational and orientational content, and teaching basic interaction and problem solving
strategies are more straightforward. The material type that suits each learning situation may
differ, but the appropriateness of material certainly is an important factor in determining the
learning results.

7.6 Suggestions for Further Research

In the future, it would be interesting to study in more detail especially the factors related to the
differences between mental models of users and system structure. The mental model interview
method that was used in pre-training meetings proved to provide a lot of information on users
expectations and their understanding of the system. Similar interviews could be arranged after
the training with more in-depth questions. This would provide information on how the view of
the system has changed and what kind of misconceptions users have after using the system for
acertain period.

It could also be researched how the factors related to the user interface affect the use experience
of experienced users. Some factors such as continuity of task sequences will most probably
have as positive an effect to expert users as novices, but others such as visibility of operations
may have a smaller impact to experts than novices.

Different training methods could be compared by assigning novice users to groups that receive
different type of training. The learning results could be measured by arranging a performance
test before and after the training. The method producing best learning results could be used in
forthcoming training sessions. In this study, only one type of training could be observed and
information was obtained on factors that affect learnability, but exact information on what the
best possible training method would be like could not be obtained.

It would also be interesting to study the effect of doing the learnability improvements suggested
in this study. The suggestions for improvement should improve the performance of novices but
should not slow down an expert user either. The effect of addressing one of the problems was
aready observed in this study. In the observation right after the training, users had many
problems with finding a connection or a reinforcement to add into the model. The
reinforcements and connections were presented in a list that contained their name and sequence
number. Users often did not recognize the names as they were used to Finnish terminology for
reinforcements and connections. However, during the two months after the training, a new
alpha version of the system was launched. The list of reinforcements and connections had been
improved by adding an image describing each list item. This practically eliminated the problem
of finding suitable reinforcements and connections. Users commented that the new user
interface was much better than the old one. It can be expected that some of the suggested
improvements will cause a similar reaction if implemented.

7.7 Summary of Results on Learnability

In this study, we researched the learnability of a building modeling system with several
methods. By analyzing the data that was collected with the empirical methods, we aimed at
distinguishing factors that affect learnability of the system and producing suggestions for
improving the learnability.
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The difference of this study compared to most other learnability studiesis that we addressed the
effect of the user interface, system structure, and training, whereas most other studies
concentrate on only one of these, usually the user interface. We consider that it is necessary to
consider al these issues to gain an understanding of the learnability of a system.

Seven learnability factors related to the user interface were found in the study: visibility of
operations, feedback, continuity of task sequences, design conventions, information
presentation, user assistance, and error prevention. In addition, four factors related to the
system structure were found: differences in functionality, differences in interaction styles,
concept clarity, and completeness of information. Furthermore, seven factors related to training
were found: conceptual information, exercises, instructions for basic interaction, instructions
for solving problems, motivational content, coverage of system functionality, and materia

types.

27 guiddlines related to the user interface, 11 guidelines related to the system structure, and 26
guidelines related to training were constructed. They are designed to fix the learnability
problems that were noticed in the user observations.

In addition to creating a classification of learnability factors and guidelines for improving
learnability, we created detailed suggestions for improving the learnability of the Tekla
Structures system. They can be used to produce immediate improvements in the learnability of
the system.

The learnability factors and guidelines related to the user interface that we found have elements
in common with usability guidelines presented in the literature. They also have some
commonalities with classifications of learnability factors presented in the literature, but the
issues have been presented differently in different studies. The factors and guidelines
concerning the system structure are in line with the theory of mental models, and the factors
and guidelines concerning training correspond with learning theories presented in the literature.

The classification of factors affecting learnability and the guidelines for improving learnability
are expected to be the most important academic contributions of this study. The factors and
guidelines were developed to cover the issues affecting the learnability of a building modeling
system, but they can be used as a reference when studying the learnability of other systems as
well.
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Appendices

Appendix A
Consent for research

Name of the company:

Name of the participant:

Resear ch conditions:

The purpose of the research isto collect information for product development needs. The aim is to make
the software application to appear familiar, logical, and easy to use even when it is used for the first time.
The results of the research will be presented in a diploma thesis. The subject of the thesis is the
learnability of the Tekla Structures system.

Interviews and other research activities will be audio recorded, but the results will be presented in literal
form. The results will be presented as a summary of several participants and personal data concerning
participants is not included. Information will be treated confidentialy and they will not be given to the
employee of the participants or other outsiders.

| want to participate in the research O

Use of the audio recordings and photographs:

The audio recordings or photographs that describe the course of the research may be useful for others as
well, if you give your consent for it.

| give my permission for presenting the audio recordings anonymously in situations that are related to

product development. O
| give my permission for presenting the photographs in situations that are related to product
development. O
| give my permission for using the photographs in the diplomathesis report. O
,__ 12004

Signature;




Background information

What is your profession / job description [in company X]?

What kind of job did you do before that?

Wheat is your education?

How long have you used the Tekla Structures system?

Current job description

What activities belong to your job?

How has the process that determines your tasks been defined?

Wheat initial information you have when you begin the modeling process?

What information / drawings/ reports you give forward?

What phases does the structural modeling process with Tekla Structures include?

What kinds of exceptions occur in the phases you described?

What kind of changes need to be done in the model during the design process?

Are there some phases that need to be finished before starting anything else?

What is the most demanding phase of the work?

Which issues are important in order the make the modeling process successful ?

What kinds of problems have occurred in the modeling process?

Advantages and disadvantages of Tekla Structures

How does the terminology used in the system and the real world differ?

What are difficult and time-consuming features in the system?

What are the good sides of the system?

How do you think the system could be improved?

What other tools do you use, in addition to Tekla Structures?

Have you faced problems with the interoperability of the tools? What kinds of problems?

g x1puaddy
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Appendix C
Mental model interview: questions

The most important questions have been marked with a star and they were emphasized in the mental
model interviews.

General about the interface

* Which icons seem familiar to you? What do you think the other icons represent?

* What do you expect the software to be able to do, in addition to modeling columns, beams and
connections?

* What do you expect to be the biggest differences compared to the software you used before?

If you used 2D modeling software before, how does 3D modeling change the way you work?

1. Creating views

* What do you expect the items that you see to be?

Please explain in your own words, what you expect a'view' to be in the context of this software?
How do you expect the coordinate system to function?

2. Creating grids
How would you change the grid dimensions?

3. Creating concreteor stedl parts
* How would you start creating columns and beams?

— Theuser is shown how to create a column, or he can do it himself.
* How do you think you can copy and mirror el ements?

4. Modifying concrete or steel parts
* How would you change the properties (e.g. profile) of a column?

— Theuser is shown how to change the properties, or he can do it himself.
What do you think about the properties dialog box?

5. Creating reinfor cements
* How do you think you can create reinforcements?
— If time permits, the user is shown how to create reinforcement for the pad footing, or he can do
it himself.
What modifications would be needed in areal use situation to the predefined reinforcements?

6. Creating connections
* How do you think you can create connections?
— I time permits, the user is shown how to create another column, a beam and a connection, or he
can do it himself.

7. Saving components
* If you create something, for example a reinforcement, that you would like to use in other models, how
would you make it available in them?

8. Creating numbering
What do you think are the preconditions for being able to create drawings?
How do you think you can number the parts?

9. Creating drawings
* How do you think you can create 2D drawings from the model?

10. Updating drawings

* How do you expect changes in the model to affect the drawings?

* What do you think you need to do to drawings after changing the model, in order for them to stay up-
to-date?
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11. Modifying drawings
How do you think you can modify a drawing, e.g. add part marks?

12. Creating reports
How do you think you can create reports?

13. Exporting/ importing data
What kind of collaboration with other software do you expect this software to support?

14. Specifying model properties
Where do you expect to specify project properties, e.g. your company's and your name?

15. Modifying material catalog
Where do you expect to save material properties, part profiles and other project specific information?



Appendix D
Mental model interview: extract from results

Coretask
General

about the
interface

3. Creating
concr ete or
steel parts

10.
Updating
drawings

13.
Exporting /
importing
data

| ssues about which users had mostly correct assumptions

Users recognized or could
guess the meaning of most
icons, such asfile

mani pulation operations (New,
Open), move and copy
operations, and icons for
creating objects. (4 users)

92

. User comments

"That one will create some listings." (U1)

"These must be connections there." (U1)

"Here are some that are familiar from Office
programs: Open and Save and such." (U2)

"At least Snaps, Grids and dimensions are familiar."
(U4)

"The picturestell quitealot." (U5)

Most users understood that
this systemis intended for
modeling parts whereas the
software application they had
used before was intended for
drawing two-dimensional
objects. |.e. they understand
the basic difference between
the two groups of software
applications that will make
their functionality different in
nature. (4 users)

"None of the software | have used before can be
called modeling software." (U1)

"That is at least my understanding that the parts will
be modeled. ...And now the model and the drawing
are the same thing." (U2)

"I think thisis such that you can make a whole object
at atime and you can then modify it, whereasin
AutoCAD you make oneline at atime." (U3)

"Y ou don't need to draw parts yourself but it makes
them as they are dimensioned there." (U5)

Users could easily place parts
in the model without any
training. Placing partsis one
of the most basic operations of
the system. (5 users)

"Now it isthere!” (U1)

"If 1 would go likein AutoCAD, | would need to find
the column and it will ask a point. Pick point, ok..."
(U2

"Now therein Parts, there is the Concrete column. ...
Now it seemsthat | need to select a point where |
want to put it. ... Ok, there. Now thereis a steel
column." (U3)

(U4 and U5 made it so fast that they did not even
comment anything while they were doing it.)

The task sequence for
updating drawings was
intuitive. (3 users)

"| expect that after making changes thereis
somewhere a button Update drawings." (U1)
"Probably with a separate command that updates the
drawing. | would expect that. | think that is an ok
way to do it. | would expect that there will be some
message that model has been updated.” (U2)

"I need to go here and press update or something
corresponding, and it will update the drawings.” (U3)

Users expectations for export
and import features were
consistent with the existing
features. The features will
probably fulfill their data
exchange needs. (3 users)

"I need to for example import AutoCAD models. For
example use architect images. That is rather
important for us. We can use DWG format." (U2)
"But if it ispossible to take aplan view in this
system and put it one upon the other with a plan view
in AutoCAD. So that you can compare if lines
match, if they are really on top of each other." (U3)
"And | think you can bring DWG images here." (U4)




Coretask

Issues about which users had alot of incorrect assumptions

| Issue | User comments
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General The meaning of buttons OK, "Usualy it is so that with OK, you accept the
about the Apply, Modify, and Cancel changes. This may feel abit strangein the
interface was unclear to users. (4 users) | beginning." (U2)
"At least Microsoft has used it so that when you
press OK, changes take effect right away." (U4)
"I think it is good, that always when you press
Modify, when you press Cancel, it goes backwards.
So that you can preview what is being made. And if
it is not suitable, just cancel, and it will be returned
towhat it was. | expect it works like that." (U4)
"I always press all of them, Modify, Apply, and
OK." (U5)
"If | pressthis (OK), doesit createit or do | need to
save first?' (U3, Create grid views dialog)
Users expected that the system | "What it is asking here?" (U2)
would provide more "Doesn't it tell in what state the command is?* (U4)
instructions and feedback than | "What did it do?" (U4)
it actually does. They alsohad | "Did it do something?' (U5)
problems interpreting the
existing instructional texts. (3
users)
7. Saving Users expected that storing "Then, | would imagine | can just smply save the
components - connectionsfor later usewas | connection.” (U1)
simpler than it actualy is. "There is probably some copy command. Or save."
They used the term 'Save' (U2)
whereas the current term is "Isthere a save command?' (U4)
'Define custom component'. (3
users)
8. Creating Users did not understand the "Now it does not create drawings because | have not
numbering reason why all parts need to be | done the numbering but..." (U1)
numbered before creating "In AutoCAD, there is no numbering." (U3)
drawings. The concept of "What does numbering actually mean?' (U4)
numbering was not familiar to | "l have never heard about numbering in AutoCAD.
them. (4 users) S0 you need to name each part?' (U4)
"Numbering! What did | have to do? | had to do
something! In AutoCAD you don't need..." (U5)
12. Creating | Userswere confused withthe | "l need at least element lists. Not many others." (U2)
reports number of report types "I don't know if these are some existing ones.” (U3)

available. Thetitles of the
report types did not clarify the
scope of the report. Users
would need only a few report
types. (4 users)

"Isit this one (report type) then?" (U4)
"There are so many of these!" (U5)




Duration Topic Teaching method Related conceptsthat | Related conceptsthat
1st ond 3rd Total wer e explained wer e not explained
day day day duringtraining during training
Chapter inthe Referencesto help Questions from Behavior of
electronic training material participants participants

material that is
handled in the
training
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Appendix F
Training observation: extract from user comments

Coretask User Question or comment

1. Creating U6 "I could create the grid views but they disappeared!"

I Ul  "Why | don't see some of the beams in these views?' (Had small view
depth in plane views.)

U4 "Everything else disappeared as | tried to make the hollow core slabs
invisible." (Did not choose the Not check box on the view filter dialog
box.)

Ul "It would be handy if in the view properties dialog box, you could take the
view filter into user or from use with one selection. For example, you
could choose a standard filter or auser-defined filter."

uz2 "Why can't | see the hollow core dabs?' (The view filter was on.)
2. Creating U3 "It did not change anything!" (Had done changesin grid dimensions but
grids did not have the grid chosen and therefore the Modify button did not

change anything.)
us "How wasit? I'm still in the grid thing."
3. Creating U5 "How can | pick points?"'
concrete or U6  "How do | find theright profile?’
steel parts .
Ul "What does this class refer to?"
U5 "Do | always need to select the starting point for abeam by pressing Ctrl
and selecting the point?"
U5 "Can you explain the position settings (On plane, Rotation, At depth)?"
U5 "On which plane are these dabs? Some of them are very low, othersarein
the sky. | have alot of them! Oh, | copied ten pieces of them! | wondered

why it loaded them for so long!"
U2 "Why my slab is triangular? One corner ismissing.”

4. Modifying uée "How can you grab the chamfers?"

goer;:rpet;tzr U5 | "Whereisthe part cut command?”'
Ul "The measurement is probably not accurate if you change the polygon
shape like that?"
us "How can | move the end of a part?"

us "Does the point need to be yellow (to move the starting / ending point)?’

5. Creating u3 "How can | see what the macro is like?"
reinforcements U3

"Now the reinforcements are overlapping. How can | modify them to
avoid overlapping?'

us "I reinforced the silos... and the bars are outside of it!!"

U5 "What points should | pick in the model? Which direction?"

u4 "What is the difference between From plane and On plane?"

us "What did it do? Pick object?’
6. Creating Ul "If | usethe system for thefirst time, how do | know which connection |
connections should use?"

U3 "What did | need to enter there (in the connection properties dialog box)?"

uée "Why are all the connections not created?' (Was trying to create
AutoConnections.)
Ul "What are the blue rectangles around the connection?"

u3 "Does number 90 something mean that it is on the ninth page in the
connection toolbar?"




Coretask

7. Saving
components

8. Creating
numbering

9. Creating
drawings

10. Updating
drawings

11. Modifying
drawings

12. Creating
reports

13. Exporting /
importing data
to other
applications
14. Specifying
model
properties

15. M odifying
catalogs
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User  Question or comment

U5 "I cannot do the whole detail! How can | grab the hole?"

u2 "Can | move the hole somehow?"

us "Where s this distance measured from? From the edge or the middle line?"'

Ul "But if you modify an existing custom component, it will change al the
existing parts!"

U5 "I don't have the part field in my dialog box!" (Waslooking at the concrete
column dialog, did not hear that concrete and steel parts have different
Settings.)

U3 "How can | modify the numbering settings?"

Ul "Numbering is till unclear to me."

U4 "Where did you get that?" (Go to Drawing menu and select general
arrangement drawing.)

U5 "How can you go to the menu?' (Was told to open the properties menu.) |
don't haveit there! (Wastold to close the drawing first.)

U4 "What did nin the drawing list mean?"

U3 "What is the difference of Save and freeze with the Save command?’

Ul "I cannot modify the part!" (Was told that the drawing editor needs to be
closed first.)

U5 "What is this part mark?"

U5 "I cannot modify the caption fields?"

U5 "What is the difference between buttons Update and Apply?’

U5 "| aready closed it with Cancel!"

U3 "If it does not do what you want it to do, it isdifficult! And all these
windows... It depends on so many things."

Ul "It would be easy just to click different thingsin the image and define the
properties for them."

U4 "How can | change the size of the paper?"

U3 "Can you only choose a part fromthe ID list?"

Was not covered in training.
Was not covered in training.
U2 "How do you open it?* (Was told to click Edit.)
uée "How do you find edit then?" (Was told to right-click on an item.)




Appendix G
Learnability test: relationship between core tasks and test tasks

CoNoTA~AWDNE

Creating views: task A

Creating grids: task L

Creating concrete or steel parts (columns, beams, slabs etc.): tasks B, M, O
Modifying concrete or steel parts: tasks G, N, S

Creating reinforcements:. task C

Creating connections: task P

Saving components (reinforcements, connections etc.): task K
Creating numbering: task D

Creating drawings: task E

Updating drawings: task H

Modifying drawings: task |

Creating reports: task F

Exporting/importing data to other applications: task J
Specifying model properties: task Q

Modifying catalogs: task R
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Appendix H
Learnability tests: scenarios

The tasks that users were expected to do are numbered. The scenario that was presented to the user is
writteninitalics.

A. Createviews &

B. Create concrete partsfor the foundation

A customer wants to build a garage with a concrete foundation. The customer has created preliminary
drawings for the foundation with an architect and your company's project manager. They bring their
sketches to you because your task is to create the model, drawings and reports to order the material and
guide the construction workers.

First, you need to model the pad footings and concrete columns so that the construction workers can cast
the footings. Start creating the model just as you would normally do. Create one instance of a pad
footing and column.

C. Createareinforcement for concrete parts
Create reinforcements for the concrete parts. You can choose the type of reinforcement yourself.

D. Createthe numbering &

E. Createdrawings

The construction manager called that he needs some images right away to start planning the formwork
operations. Create for him formwork drawings that show the pad footings.

F. Createreports
Create also a material list that shows both concrete parts so that the material need can be calculated.

G. Modify the pad footings
You get the results from the soil analysis and decide that the pad footings need to be larger. Enlarge
them in the model.

H. Update drawings
Update the formwork drawings you created earlier so that they show the new pad footing dimensions.

I. Modify adrawing
Add information on the material of the pad footings to a formwork drawing.

J. Export / import data to other applications

The customer wants to see the drawings for the footings. Unfortunately, he does not have Tekla
Sructures but only AutoCAD software available. Save a drawing in a form that can be opened in
AutoCAD.

K. Save areinforcement for later use
In the future, you will probably have similar projects with similar reinforcements. Save the
reinforcements that you have created so that you can use them later in other models.

L. Createappropriategrids (if not already created) &

M. Createtheremaining pad footings and columns and the concr ete slabs

Now it is time to finish the drawings for the foundation. Model the pad footings, columns and concrete
slabs that are shown in the drawings.

N. Maodify the model
The architect calls you and tells that the width of the garage must be changed from 5m to 6m to have
enough space for two cars. Change the model accordingly.

O. Create concrete partsfor the upper part of the model
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The architect and project manager have now created preliminary drawings for the concrete parts of the
garage walls and roof. Add the concrete parts to the model.

P. Create a connection
Create connections that connect the upper beams to the columns.

Q. Specify propertiesfor the model
Update the project and designer information so that it corresponds to the conventions in your company.
Add e.g. your name.

Modify the numbering style so that it corresponds to the one used in your company.

Modify concrete column and beam default properties (e.g. material) so that they correspond to the
conventions in your company. Save the new properties so that you can use them later when you create
parts.

R. Modify material catalog
There is a new concrete type available and you want to use it in your model. Save the material
information so that the material can be used in the model.

S. Modify concrete slab properties
Change the concrete slab material type to the new material.



Seq. Coretask Test task Duration Timeon tape Maximum time | User actions
number (min)

Errors that affect | Difficulties / non- | Instructionsgiven User comments Ideas

the end result /| optimal actions

issues that hinder

task completion
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Appendix J
Learnability tests: extract from qualitative results

101

Coretask - Examples of problems Users
. experiencing the
. problem
First Second
observat | observa
ion tion
1. Creating Users often pressed the Create button in the Create grid views | U5 U4, U5
views dialog before selecting the grid and therefore they got a
warning message.
2. Creating Users were not able to enter grid dimensions to the fields on U2,U3, U3, U4,
grids the Grid properties dialog correctly. When users wanted to U5 U6 U5
create three grid lines with the spacing of 5000, they entered
"0 3*5000" to the grid properties dialog, which actually
produced four grid lines.
3. Creating Users did not know how to define the snap settings that they Ul u2, U4
concr ete or needed. They needed to snap to all points or only grid lines U3, Us
steel parts but did not know how to do it.
4. Modifying = Usersdid not know how to move parts. They did not realize Ui, U2, U1l U5
concr ete or they can be moved by grabbing the points that are attached to | U4, U5
steel parts the part. Some users asked if there is a stretch command
available.
Users sometimes selected several parts, double-clicked oneof | U1, U2 | U3, U4,
them, and thought that changes they made in the dialog would us
affect all the parts that they had selected in the beginning.
However, if several parts are selected and after that one of
them is double-clicked, the selection is applied only to the
part that was double-clicked.
5. Creating Users had problems finding suitable reinforcements and Ul u2, U2, U4
reinforcement  connections. Users were not familiar with the names of the U3, U4,
S reinforcements and connections and therefore it was difficult | U5, U6
to select areinforcement from the list of names. Users
sometimes entered the search term reinforcement, but as not
all reinforcements contain the word in their name, a suitable
reinforcement was not found.
6. Creating Was not covered in the learnability test.
connections
7. Saving Users could not choose a correct type for custom components = U1, U5, @ U1, U2,
components (part, detail, connection, or seam). U6 u4
Users had difficulties with entering points for a custom Ul uUs U1, U2
component. Users seemed to give the points randomly. U4
8. Creating Users often forgot to run numbering before creating drawings. | U2, U3, @ U1, U2,
numbering The warning message was shown. U4,U5 U3
Users were confused about Tools and Setup menus both U2, U3 U3,U5
having a numbering item. They often went to Setup menu
when they wanted to do numbering. Some users even thought
that they had done numbering even though actually they had
only opened and closed the numbering setup dialog.
9. Creating Users were wondering if anything had happened when they U6 U1, U3,
drawings had created drawings and succeeded in it. Thereis not enough U5
feedback about drawings being created.
10. Updating | The meaning of Freezeis not intuitive but users asked what U2, U3,
drawings its meaning is. U5, U6
11. Modifying | Usersdid not understand the difference between thedrawing | U1, U4, | U3
drawings state and the modeling state. They were wondering why they | U6
could not see dl the views, use the menu commands, or delete
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drawingsin the drawing list. The reason was that they were in

the drawing list. They also had difficulties realizing how to

exit the drawing state.
12. Creating After selecting the report type, users pressed the Show button. | U4, U6 | U3
reports However, pressing the Show button opens an existing report if

itisavailable, but if the user wants to create a new report, he

would need to press Create from al or Create from selected.
13. Exporting = When users wanted to export the model to AutoCAD, they u2,u4, U1, U3,
/ importing often chose the option Export > CAD drawing as the name U5 U4
datatoother | suggeststhat it will create drawings that are suitable for that.
applications However, they would probably need to create DXF drawings

in most situations, which is a separate menu item.
14. Specifying = Users did not remember where to enter the project properties. = U3 u4
model
properties
15. Modifying @ Users did not remember how to add or edit materials. They U3, u4 U2 U3,
catalogs did not remember that material information is stored in u4

catalogs.




Appendix K

Learnability tests: Quantitative results
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Light gray: percentage of users 70 — 100% or averagetime 0 —3 min

Dark grey: percentage of users 30 — 70% or average time 3—7 min
Black: percentage of users 0 —30% or averagetime 7 — 10 min

Results of the learnability test arranged immediately after the training.

w| >

SrXlal—=Iommogoo

oz

n ol T

Task Numbe | Percentage | Percentage @ Average
r of of users of users timefor
users that could that could performing
that did | performthe | perform the | thetask
thetask | task task

without optimally
instructions

Createviews 5 100% 40% 1:04

Create concrete partsfor the 6 67% 67% 5:52

foundation

Create areinforcement 6

Createthe numbering 6

Createdrawings 6

Createreports 4

M odify the pad footings 4

Update drawings 3

M odify a drawing 4

Export / import data 3

Savereinforcement for later use 3

Create appropriategrids 6

Createtheremaining pad footings | 5

and columns and the concr ete slabs

M odify the model 2

Create concrete partsfor the 0

upper part of the model

Create a connection 0

Specify propertiesfor the model 3 33%

Modify material catalog 3 33%

Modify concrete dab properties 1 100%

Average over thetasks 43% 12% 5:03




Results of the learnability test arranged two months later.

W >

IrMXa—ITOomnmogoo

oz

0O T

Task Numbe Percentage Percentage
r of of users of users
users that could that could
that did | performthe | perform the
thetask | task task

without optimally
instructions

Createviews 4 50%

Create concrete partsfor the 5 80%

foundation

Create areinforcement 4 75%

Createthe numbering 4 50%

Createdrawings 4 50%

Createreports 3 100%

Modify the pad footings 3 100%

Update drawings 3 100%

Modify adrawing 3

Export / import data 4

Save reinforcement for later use 3

Create appropriategrids 5

Createtheremaining pad footings | 4

and columns and the concr ete dabs

Modify the model

w

Create concrete partsfor the
upper part of the model

o

Create a connection

Specify propertiesfor the model

33%

Modify material catalog

M odify concrete dab properties

Ww w o

100%

33%

67%

Average over thetasks

63%
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Average
timefor
performing
the task

6:50

4:44
1:24




100 %

90 %

80 %

70 %

User perform

60 %

50 %

40 %

30 %

20 %

10 %

0%

O performed without help in first observation

O Performed without help in second observation
B Performed optimally in first observation

O Performed optimally in second observation

G H | J K L M N 0 P Q R S

Task number

The percentages of users doing each task optimally or without instructions.
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Appendix M
Subjective satisfaction questionnaire: questionnaire form

EVALUATING THE TEKLA STRUCTURES SYSTEM

General

Learning to operate the system is difficult QQQAUA easy
Exploring new features by trial and error is difficult QUQUQAQAAQ easy

The software corresponds to my expectations notatall QUQQU very much
Using the software is frustrating QUOQUAQA pleasant

L earnability of the user interface

Remembering names and use of commandsis difficult QUQUAQAQAQ easy
Tasks can be performed in a straight-forward manner never QQUAAQA always
Different functions have similar operating logic never LQUAAQA aways
The amount of guidance that the software offersis insufficient QUQQU sufficient
Understanding the structure of the program is difficult QQUAQ easy

Material and training

Example row: usdless L0000  useful 1 have
not used
Help pages are auaaa a
Printed training material is aaaaa a
Training material CD is aaaaa a
Context-sensitive help (opens with F1 button) is aaaaa d
Instructions on the computer screen are auaaa u
Training session is aaaaa a



Function specific questions

Example row: difficult

Creating viewsis

Creating gridsis

Creating concrete or steel partsis
Modifying concrete or steel partsis
Creating reinforcementsis
Creating connectionsis

Saving reinforcements and connectionsis
Creating numbering is

Creating drawingsis

Updating drawings

Modifying drawingsis

Creating reportsis

Exporting or importing data to other
applications is

Specifying model properties (e.g. designer
information) is

Modifying material and profile catalogsis

oooog

aaaad
aaaad
aaaad
aaaad
aaaaa
aaaad
aaaad
aaaad
aaaad
aaaaa
aaaad
aaaad
aaaad

aaaad

aaaaa

easy
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Appendix N
Subjective satisfaction questionnaire: results

Answers are marked with color coding. The color codes are;

Light grey: Excellent (4.1-5.0) or none of the users gave a zero score
- Dark grey: Above the average but not excellent (3.1-4.0) or one of the users gave a zero score
Black: Same as or below the aver 3.0) or two or more users gave a zero score

Table 16. Results of the subjective satisfaction questionnaire.

Question Average grade Number of answers" |
cannot doit" or "I
have not used”

After 2months | After 2 months
training later training later
‘ General ‘
Learning to operate the system is 3.2 3.6 - -
| Exploring new features by trial and error is ' 35 34 | - | - |
The system corresponds to my expectations 4.2 4.2 - -
| Using the system is 4 ' 36 IE [ - |

L ear nability of the user interface
Remembering names and use of commandsis
Tasks can be performed in a straight-forward manner
Different functions have similar operating logic
The amount of guidance that the system offersis
Understanding the structure of the program is

Material and training

Help pages are

Printed training material is

Training material CD is

Context-sensitive help (opens with F1 button) is
Instructions on the computer screen are
Training sessionis

Function specific questions
Creating viewsis
Creating grids is
Creating concrete or steel partsis
| Modifying concrete or steel partsis
Creating reinforcementsis
| Creating connectionsis
Saving reinforcements and connections is
| Creating numbering is
Creating drawingsis
| Updating drawings
Modifying drawingsis
| Creating reportsis
Exporting or importing data to other applications
is
Specifying model properties (e.g. designer
information) is
Modifying material and profile catalogsis




8. Creating
numbering

Users said that the idea of numbering and

8. Creating
numbering

8. Creating
numbering

8. Creating
numbering

8. Creating
numbering

how to change the settings were unclear to
them. Most training participants could not
follow the instructions for defining the
numbering settings.

Users often forgot to run numbering before
creating drawings. The warning message was
shown.

Users did not know where to check the
numbering series settings. There are too many
places where numbering settings can be
changed.

Users were confused about Tools and Setup
menus both having a numbering item. They
often went to Setup menu when they wanted
to do numbering. Some users even thought
that they had done numbering even though
actually they had only opened and closed the
numbering setup dialog.

One user said that controlling numbering isa
bit difficult. When the user restarts the
computer, the settings are always reset. If he
doesn't check the settings every time, thereis
adanger of the numbering changing. He
usually changes the settings for modified
numbering so that it keeps the old numbers if
possible. He also checks the second and third
check-box on the numbering setup dialog.

TO task |

'Conti nuity

Exercises

8U1L3 U134, of task
own 5 sequences
model
U6
MMI  TO LTa LTb Error Differences |Conceptual
CT3,3,5 U234, U123 prevention in information
5 functionality
TO task LTa Continuity Conceptual
11 U5 U145 of task information
sequences
LTa LTb Continuity Conceptual
u23 U35 of task information
sequences
LTb U2 Suggestion
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8. Creating
numbering

9. Creating
drawings

9. Creating
drawings

9. Creating
drawings

9. Creating
drawings

9. Creating
drawings

9. Creating
drawings

9. Creating
drawings

It was confusing for some users that steel and concrete parts
had different ways to set numbering prefixes and starting
numbers.

None of the users used the wizard command for drawing
generation as the command name is not descriptive, itis
located in the wrong menu (File) and it was not taught in
the training. A better name would be Drawing wizard or the
command should be moved to the Drawing menu.

Many users were wondering if anything had happened
when they had created drawings and succeeded in it. There
is not enough feedback about the drawing creation. To
overcome this, when adrawing is created, the drawing list
could be opened automatically.

Users did not know after the drawing how to create a
simple drawing, as there were so many confusing things
about modifying drawings presented in the training.

Users were often not happy with the drawing that was
created. For example, when an assembly drawing was
created of a pad footing, it did not show the pad footing
from above whereas a cast unit drawing showed it. Or the
pad footing and column were not included in the same
image as the user wished. Or atable of bending shapes for
reinforcements was included even though it would not have
been needed.

There should be drawing templates available and it should
be easy to modify them.

It is not clear which drawing is related to which part. There
could be a preview option and some more information on
the drawing.

Users sometimes had not selected any parts and wondered
why the cast unit drawing option has been grayed out in the
menu.

MMI
1, gt

MMI

MMI
1,3

TO
task 8
us

TO
task
10
u1,2,
345,

LTa
ul,2,
314!5!

LTa
U6

LTa
ulz2

LTa
ul3

LTh
Ul3,

LTh
ui5

LTh
u1,3

LTb
ul

LTh
Us

Informatio
n
presentati
on

Visibility
of
operations

Feedback

Completene
ss of
information

Continuity
of task
sequences

Design
conventio
ns

Design
conventio
ns

Feedback

Completene
ss of
information

Visibility
of
operations
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Appendix P
Extract from the list of suggestions for improving learnability

The tables contain learnability problems, improvement suggestions, references to guidelines that address
each problem, and the number of users that experienced each problem (if applicable). There is one table
for each learnability factor.

User interface
Visibility of operations

L ear nability problem

After hiding some objects in the model
view, users did not know how to show
them again as there are several dialogs and
commands that can be used to determine
which objects are shown.

~ Improvement suggestion

" Controls for object visibility should be
collected on one dialog,

Thereisadrawing wizard available that
eases the drawing creation process.
However, the wizard was not used because
itislocated in File menu and not in the
Drawing menu like other drawing
commands.

The drawing wizard command should
be moved from the File menu to the
Drawing menu.

For some hierarchical lists, elements can
be added or edited by right-clicking on an
existing list item on either the same or the
upper level and selecting Add or Edit from
the pop-up menu that appears. Many users
failed to notice this possibility asthereis
no visua indication of it.

An alternative for right-clicking on list
items should be provided.

The buttons that have no effect or cannot
be used in a certain state are not greyed
out. Greying out buttons would prevent the
user from doing operations that have no
effect and reduce the number of available
options which makes the interaction
seguence easier.

Buttons (e.g. the basic buttons OK,
Apply, Modify, and Get) should be
grayed out when their use has no
effect or they cannot be used.

Userstried to directly modify the text of
part marks. The correct method would
have been to double-click the part mark to
open adialog on which the modifications
can be made.

It should be possible to modify part
mark text directly, not through a
dialog box.

Almost all users made mistakes when they
were entering the grid dimensions. They
would have had to enter the number of
gaps between the grid lines but they
entered the number of grid lines.

The fields for entering grid dimensions
should be replaced with a graphical
representation and an instructional
text.

Users did not natice the difference
between drawing and modeling states but
tried to use commands that are only
available in the other state.

The change from the modeling state to
the drawing state should be indicated
more clearly by e.g. changing the
color of the cursor.

Feedback
L ear nability problem

- There are select filters available that make a |
. selection to address only the predefined
| object types. Users often tried to select an
| object that was not sel ectable because of

I mprovement suggestion

If the user has taken a Select filter

| into use but repeatedly tries to
. perform operations that are disabled |
| because of the Select filter, he should |




the select filter settings.

The user may have hidden some parts
earlier but does not remember it any more.
There is not any indication of parts being
hidden from view.

The user can create drawings by selecting a
drawing type in the menu. After doing this,
atext "X drawings created" appearsin the
status bar but no other feedback is given
about a successful drawing creation
process. Users often thought that nothing
had happened as they did not see any result
on the screen

Continuity of task sequences
L ear nability problem

Before running the numbering command,
users often want to see the numbering
settings because incorrect settings may
cause extra problems and override work
done by other designers. The numbering
settings and the command for running
numbering are located in different menus.
Users had problems remembering which
menu item was for adjusting settings and
which one for running numbering.

If the user wants to define settings for
certain object groups in a drawing, he must
complete a complex task sequence to define
drawing classifier settings. There were so
many phases in the process that users could
not follow instructions in the training and
were not able to complete the sequence
later.

Users often forgot to run numbering before
creating drawings. The message that
regquested the user to perform numbering
first interrupted the drawing creation
process.

Design conventions
L ear nability problem
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be reminded about the filter.

Anicon for showing all hidden model
objects should be provided in the
toolbars. Also, the view depth that
defines which items are visible should
be graphically indicated in the model.

The list showing &l the drawings
should be opened automatically after
the user has started the command for
creating drawings.

mprovement suggestion

Guid Nb.

. users

numbering before creating drawings,
it should be possible to assign
numbers directly from the message
dialog that reminds about numbering.

The numbering setup dialog and the 3
numbering tool should be combined.
The task sequence for using the 5
drawing classifier should be
redesigned.
If the user has forgotten to run 5

~ Improvement suggestion

The meaning of the buttons Modify, Apply,
OK, and Cancel in dialog boxes was
surprising to some users. Many users
expected that the OK button would
complete the action they were aiming to do
in the dialog box, for example modify the
object that was selected before opening the
dialog box. Here, the OK button only closes
the dialog and retains the settings for the
next time that the dialog is opened. Also,
the Cancel button usually cancels al the
changes that were made when the dialog
box was open but here it does not cancel
things that were done before pressing Apply

The basic buttons (OK, Apply,

Modify, Get, and Cancel) used in
amost all dialogs should be
redesigned.




of Modify.

When defining drawing classifier settings,
the user needs to close certain dialog boxes
with Cancel in order to not cause unwanted
additional changesin the model. Thisin
inconsistent with what usually needs to be
done. Users made mistakes with thisin
training

The dialog box for opening and closing files
isdifferent from what it usualy isin other
software applications. Instead of the
common Browse... button, thereis atext
field where the user can write the
destination folder. After writing the folder,
he must press the Filter button which is not
acommonly used button type. The observed
users did not use the Filter button at all but
found alternative strategies to access the
desired file location

Some users expected that amodel or a
drawing could be created using templates.

Information presentation
L ear nability problem

It was very difficult for usersto find items
from the menus.

On the component properties dialog box,
there are numerous different controls such
as fields, check-boxes and drop-down
menus next to the enlarged picture of the
component. Most of the controls do not
have atitle or other textual description.
Users had problems determining which
control is related to which property of the
component.

On the part mark content dialog, line breaks
and backspaces are presented with symbols
that resemble keyboard buttons but are not
clear enough: <--' and <--.

There are 67 templates available for
reports, which is such alarge number that
users had problems finding a suitable
template to use. Users will need only afew
templatesin their work.

User assistance
L ear nability problem

The state of drawings is indicated with one-
letter abbreviations. For example, if a
drawing is outdated, thereis aletter n

is not sufficient for beginners that will not
remember the meaning of the abbreviation.

If an action requested by the user cannot be '

performed for some reason, the user is not
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The task sequence of defining
drawing classifier settings should be
redesigned so that a dialog never
needs to be closed with the Cancel
button.

The Filter field in which auser can
type the path of afolder should be
replaced with a Browse button that
enables the user to graphically see
the folder structure.

There should be templates available
for creating a new model and a new
drawing.

- Improvement suggestion

Menus should be redesigned to reflect
users task sequences and the results
obtained in the grouping test.

Descriptive labels should be added to
component dialogs to indicate the
scope of the image and the
relationship of images and text fields.

The symbols should be replaced with
text.

The number of report templates
available should be reduced.
Currently, there are over 60
templates. Only the most commonly
used ones should be shown on the
basic dialog.

~ Improvement suggestion

- One-letter abbreviationsin the

- drawing list should be explained with
.~ atooltip text.

visiblein the drawing list. Thisinformation

The limitation for the number of
views that can be created should be




informed about the problem. For example,
if the user already has nine views of the
model open and he tries to create more,
nothing happens as nine is the maximum
number of views.

In some situations, warning messages
appear that contain only avery general
description of the problem and no
instructions for recovering from the
problem. An example of thiskind of a
message is "lllegal profile!" The message
was shown in user observations when users
tried to assign an object a profile that had
not been defined yet. These ambiguous
warning messages are not helpful to the user
because they do not assist himin
completing the action correctly.
Instructional texts are sometimes presented
in the status bar on the bottom of the user
interface but they are not descriptive
enough. Users frequently asked the meaning
of messages such as "Pick polygon
position” or "Pick point".

Users did not know how to use certain
simple dialogs, for example how to enter
the direction into the copy field.

The amount of help that novice users need
would probably be obtrusive for expert
users.

In some situations, the instructions in the
status bar are not visible enough indication
for something happening. In other
situations, a message box would interrupt
users work. Needs for assistance types
vary.

Users utilized the help file rather seldom for
solving their problems. It seemed to be
difficult to find issues from the help file.

Error prevention
L ear nability problem
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removed. If the limitation remains,
the user should be informed if views
cannot be created because of the
limitation

The message text "lllegal profile"
should be changed to one that
describes the cause of the error and
instructions for selecting a profile
that isnot "illegal".

Detailed instructions for picking
points should be shown in the status
bar. The current user interface shows
the default prompt "Pick polygon
position" in most situations. The
prompt is not informative enough,
and therefore it should be replaced
with a more precise prompt.

There should be instructions for
using certain dialogs such asthe
move or copy dialog.

There should be separate advanced
and beginner modes that result in
different amount of assistance being
given.

There should be several types of user
assistance available, such as
messages in the status bar, message
boxes, and help dialogs accessible
through buttons on dialogs.

The help topics should be integrated
more closely with the system
interface.

I mprovement suggestion

When creating grid views, users should
first select the grid in the model, even if
there was only one grid, and then press the
Create button. Users frequently forgot to
select the grid.

When creating a custom component, the
user needs to select the part type to be
either connection, detail, seam, or part.
Users did not understand the meaning of
these types and almost randomly selected
one of the types.

One of the most frequent errors that novice
users made was forgetting to number the
model before creating drawings. Thiswas
described above.

When grid views are being created
and thereisonly one grid in the
model, the grid should be selected
automatically.

The type of the custom component
should be selected automatically. The
available options - part, detail,
connection, or seam - are
unambiguous and selecting awrong
type easily causes errors.

If the user has forgotten to number
objects before creating drawings, the
option to assign numbers directly
from the message dialog should be
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. provided.
System structure
Differencesin functionality _
L ear nability problem | |mprovement suggestion

The fundamental differences between two | The functionality of three dimensional '

dimensional drawing systems and three modeling software applications differs

dimensional modeling systems caused fundamentally from the functionality

some difficulties for users. They of two dimensional drawing

understood the issuein principle but still applications. The difference should be

their thinking often reflected the two explained in the training and

dimensional world that they had worked instructional material.

with.

Users confused the concept of drawing and | This should also be explained in 1 1
view. When they were asked to create training and training material.

drawings, they frequently opened the view
creation dialog. In Tekla Structures, views
show the model from different angles but
they are not the same thing as drawings
that show a static image of the model, with
predefined settings. In two-dimensional
drawing, the concepts of view and drawing
are essentially the same.

Users considered the concept of automatic | This difference could be eliminated 1 5
numbering difficult to understand asthere | by making assigning numbers
was no such operation in the software optional.

application they had used before. Thisis
due to the fact that in two-dimensional
drawing, the principal components are
lines, not objects, and therefore objects
cannot be numbered automatically.

Differencesin interaction styles _
L ear nability problem . Improvement suggestion

Users expected the button 'OK' to accept all | The basic buttons should be
changes made in a dialog box and modify redesigned. This was already
the model accordingly. Thisisthecasein discussed above.

the most office software applications and
other common applications. However, in
Tekla Structures, the model is only
modified if the user presses the 'Modify'
button. Users frequently forgot to press
Modify and had to wonder why changes did
not take effect. The functionality of the
buttons was already discussed above.

The dialog for opening files, and especially | Thefilter field should be replaced 1 2
the method for browsing directories, is with a Browse button.

different than usual. Thiswas also discussed

above.

Users expected that an object could be The user should be allowed to resize | 2 5
resized by dragging one end of it to the objects by selecting aline or aface

desired location. They usually tried thisfirst = and dragging it to the desired
when they needed to resize parts and only direction.

after that considered alternative strategies
for resizing. Dragging isavery intuitive
interaction strategy and also used in many
other applications, and therefore, itis
natural that users expected it to work also in




Tekla Structures. Currently, resizing by
dragging is not possible in the basic state of
the interface; however, there is an optional
'drag-and-drop' state which allows for
resizing by dragging.

The use of object handles that are shown as
points with different colors was unclear to
USers.

Users had difficulties finding items from the
menus.

Concept clarity
L ear nability problem

The terminology used in the system seemed
not to be familiar to users. An example of
an unfamiliar term is Freeze (refersto
keeping modifications in adrawing).

Users called certain items with different
names than what was used in the system.
An example of such an item is reports that
userscaled lists.

One of the reasons why terminology is
unclear isthat there is no Finnish version of
the system available but the users need to
useit in English. Users are not familiar with
all the domain-specific terminology in
English.

Some of the terms seemed to be misleading.
For example, thereis an option Export
AutoCAD drawings among other export
commands. However, there are al so other
export commands, such as Export DXF, that
are commonly used for exporting
information to be used with AutoCAD.
Users amost always selected the Export
AutoCAD drawings option and expected
that all file formats that can be exported to
AutoCAD are presented under it.

Some system-oriented terminology has been
used in Tekla Structures. For example, the
meaning of custom component, that isa
combination of objectstied together by
users, was not understood or remembered in
after-training observations. The concepts of
AutoDefaults and AutoConnections were
not remembered either.

The concepts of library profiles and
parametric profiles were not familiar to
users and that may be one of the reasons
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The use of handles should be
reconsidered. The role of each handle
should be indicated clearly.
Information on each handle could
possibly be provided as a tooltip.

Menus should be redesigned.

mprovement suggestion

: The name of the Freeze command
should be changed to e.g. Keep
modifications.

Guid  Nb.
- users

The name of the Report... command
should be changed to List...

If possible, a Finnish language
version of the system should be
provided.

Either all file formats should be listed
under the File > Export command or
all file formats should be included on
one dialog that can be opened by
selecting the menu item File > Export
> CAD.

System-related terms for component
types (Custom connection /
component, System connection /
component, AutoConnection) should
be changed. It makes no difference
for the user whether the component
was included in the system
configuration (System component) or
created by a user (Custom
component). The command Define
custom component could be renamed
to Save a component. Theterm
AutoConnection could also be
omitted and the user could ssimply be
provided the option to create
connections automatically.

The distinction of profilesto Library
profiles and Parametric profiles
should be removed.




- why they considered it difficult to

| determine where to look for profiles.
The meaning of the fields On plane,
Rotation and At depth on connection
dialogs was unclear to users.

Completeness of information
L ear nability problem

Additional information on interface itemsis
not easily available. There are no
explanations or instructions visible on
dialog boxes. The connection symboals, for
example, are impossible for a novice user
to understand without any reference
information.

On object property dialogs, field labels are
very short. Users were observed not to
understand the meaning of certain labels.
This was especially true for reinforcement
and connection dialogs that contain alot of
fields that are connected to an image. Users
often found the correct field with trial-and-
error strategy and did not indicate they had
understood the issue. Thus, a correct mental
model was probably not formed.
Theinstructions in the status bar are
incomplete. Therefore, they did not help
users to understand and remember a
procedure. Instead, users often voiced their
amazement about the meaning of the
instructions and proceeded with the task
with trial-and-error strategy. Thisissue was
aready discussed above.

Training
Conceptual information
L ear nability problem

The meaning of unintuitive terms remained
unclear even after training. The terms
seemed to not have been explained
thoroughly enough. Examples of terms that
were not recognized or whose meaning was
not known are Freeze, Part mark, and Class.
The terminology issue was already
discussed above.

The hierarchy of connections remained
unclear to users. Thiswas already discussed
above.
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The concepts On plane, Rotation, and
At depth should be clarified with an
image.

- Improvement suggestion

Tooltips that contain explanations for
connection symbols should be
provided.

Fields on component dialogs should 2 6
be informatively labeled and written

instructions should be provided for

some fields.

The types of user assistance were 3 6

discussed above. User assistance
should help the user to understand the
interface items and the principles for
using the commands. The assistance
may also contain step-by-step
instructions for performing certain
actions, but it must still provide
enough information so that the user
can understand what is being done
and not only passively follow the

steps.

mprovement suggestion

" The terms that were not understood

Guid | Nb.
- eline | users

1 6
by users and should be explained.
The relationship between different 2 2

connection and component types,
such as System components /
connections, Custom components /
connections, and AutoConnections,
should be explained. A visual
connection map could be created to
illustrate the types of components
and connections and situationsin




Users were confused about which changes
to drawings should be done in drawing
classifier, which onesin drawing property
dialogs, and which ones using the template
editor. They did not seem to understand the
scope of each of these methods of
modifying drawings.

The logic of updating drawings remained
unclear to users and they had problems with
it in after-training observations.

The differences between three dimensional
modeling and two dimensional drawing
were not fully understood.

The difference between views and drawings
was also not understood after the training.
This was aready discussed above.

Users did not understand the conception of
numbering even after the training. They did
not see the connection between the
numbering setup dialog, numbering prefix
fields on object property dialogs, and the
numbering command. They often forgot to
run numbering before creating drawings and
asthey got the error message, they
completed the numbering procedure
mechanically without even checking the
numbering options. Some problems with
numbering were already discussed above.

Exercises
L ear nability problem

Several task sequences that had been
practiced in training were not remembered
in observations after the training. Examples
of task sequences that could not be
memorized as they were practiced only
once in the training are: creating fittings,
creating AutoConnections, defining Custom
Components, and creating part cuts.

Task sequences that users had performed
with extensive help from the instructor
could not be repeated by users after the
training.

Users often commented that they
remembered something was done in training
but could not memorize how it was done.
Users may have done exercises passively as
they did not remember how things were
done.

Users did not remember what Drawing
classifier or AutoConnections were used
for.

Users did not remember that certain
operations can only be done in the drawing
state and certain ones in the modeling state.
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which they can be used

The relationship between different
tools for modifying drawings
(drawing classifier, template editor,
drawing properties dialog) should be
explained.

The logic of updating drawings
should be explained in training.

The fundamental differences between
drawing and modeling systems
should be explained.

It should also be explained that in
this system, views and drawings are
two totally different things.

The idea of numbering and the
reason for why it is needed should be
explained.

mprovement suggestion

After the instructor had demonstrated

an operation, learners should be
given exercises that require applying
the operation to new situations.

Example of thiskind of atask
sequence is defining the drawing
classifier settings. Participants should
always work through the exercises
themselves and strive to
understanding what is being done.

Questions could be asked that
encourage learners to think about the
how an operation can be generalized
to other situations or what isthe
relationship between concepts.

It should be explained for what
purpose the Drawing classifier or
AutoConnections are practiced.

It should be explained in which
conditions the practiced operation
can be performed.




Instructions for basic interaction
L ear nability problem

- Improvement suggestion
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Users did not know how parts can be
moved or resized, even though thisisa
basic operation in the modeling process.
They tried to stretch parts by grabbing
them even though thisis not possible in the
basic state of the interface. They did not
remember that part dimensions are entered
to the fields on the part properties dialog.
Also using handles, snapping and picking,
and determining view properties were
observed to be difficult even after receiving
training. Other issues have already been
discussed above but snapping has not.

Also the snap settings were not explained
clearly enough and users did not know how
to adjust the settings.

Only one user was observed to use the Get
button in training or in the post-training
observations. The Get button fillsthe
dialog box with the properties of the
selected object. Thisis useful when setting
the properties of several objectsto be
similar. The use of the button was not
demonstrated in training and that resulted
in most users not using it.

Instructions for solving problems
L ear nability problem

" Basic operations such as moving |1

parts, using handles, snapping and
picking, determining view properties,
and changing part size should be
explained and demonstrated.

The available snap settings and how 2
to adjust them should be explained
and demonstrated.

The functionality of the Get button 3
should be explained and demonstrated
in training.

" Improvement suggestion

| Guid | Nb.

When users faced problems in the post-
training learnability test, they often gave up
without trying to solve the problems. They
often stated that they cannot proceed and
asked help from the person that was
observing the learnability test. Users
needed help for 88% of the tasks on
average in the observation session that was
held right after the training and for 74% in
the session that was held two months later.
Both percentages are rather high. Users
seldom used the help file when they faced
problems.

Users did not find information from the
help file very easily.

Users had not contacted Tekla Structures
support after the training even though they
had some questions that they asked from
the researcher in the learnability test.
There were many errors that were faced by
alarge portion of usersin learnability tests.

The help file should beintroducedto | 1

| eine

training participants. They should be
told how the help file can be installed
(it requires separate installation) and
how it can be accessed. An overview
of the contents of the help file should
be given

| users

Different methods to search for 2
information should be demonstrated.
The table of contents, index, and
search function should be introduced.

The email address and phone number | 3
of the support personnel should be
told to training participants.

The errors that novice users often 4
make should be addressed in the
training. A variety of common errors
has been presented in this study.
Instructors also know the most
common causes of errors.




Motivational content
L ear nability problem

As described above, the relationship of
some basic concepts, such as views and
drawings, was not understood by all users.

Only two of the six users had used the
Tekla Structures system during two months
time period after the training. Four others
said that they had been busy with other
projects so that they could not find time for
all theinitial set-up that is needed for taking
the new system into use.

Same as above

Coverage of system functionality
L ear nability problem

mpr ovement suggestion

" Presenti ng some orientational

material in the beginning of the
training could help usersto
understand the basic idea of each
core component of the system.
Advanced issues would be easier to
learn if the principles would have
been taught in the beginning. Thisis
aso in line with the theory of mental
models: when the orientationa
information is available, the user can
correctly connect the new
information with the existing mental
model and the danger of
misconceptions is reducedA written
overview of training contents should
be provided. The table of contents of
the training material should be
reviewed before the training.
Orientational material could be sent
to participants beforehand.
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Needs of the training participants
should be carefully researched. They
should be asked which features they
think they will need in their work.
Also other wishes from participants
should be taken into account. This
will motivate them further.

Users should be contacted by the
instructor or other support personnel
after the training. Contacting users
afterwards may motivate them to
continue to learn to use the system.
They may also have questions that
they will ask if somebody is available
for answering.

~ Improvement suggestion

Guid  Nb.

dine

- users

Several users said they need to export and
import data to work with colleagues that use
different software applications, but
exporting and importing were not covered
in training.

The amount of material for each core task
was not very well balanced.

The amount of time spent for learning each
core task was not very well balanced

Exporting and importing data should

be covered in training.

More material should be available for
creating grids, updating drawings,
exporting or importing data and
specifying model properties. Less
material could be needed for creating
concrete or stedl parts, creating
connections, and creating drawings.

More time should be spent with
teaching how to modify concrete or
stedl parts as users had alot of
problems with it. More time should
be spent with teaching how to create




Material types
L ear nability problem

Users estimated an integrated help to be
useful. An integrated help means that the
user need not open a separate help window
but instructions are attached to user
interface items.

Users were observed to use mainly the
printed training material in the training.

There was not enough time to go through all
the material. The amount of material isvery
large.

There are many heading and text stylesin
the training material but the relationship of
different stylesis not awaysclear.

Users asked for material in Finnish. Users
would benefit alot from material that would
bein their native language.

There istable of contents or index in the
training material, which makes finding the
relevant material difficult.
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views, create views, create
numbering, update drawings, create
reports, or modify catalogs aswell.
Exporting and importing data and
specifying model properties should
be covered in the training. Less time
could be spent with creating concrete
or steel parts, creating
reinforcements, and modifying
drawings.

mprovement suggestion

As users considered integrated help

to be useful, it should be provided.
Instructions could be given in the
status bar, integrated into buttons on
dialogs, or displayed in some other
way. Thiswas already discussed
when the learnability factor 'user
assistance' was covered.

Guid  Nb.

- eline  users

Providing printed material to all users
may not be feasible because of e.g.
the need to update the manual, but it
should be considered as an
alternative. Opening the electronic
training material on the screen would
have made the screen rather cluttered.
Therefore, either printed material
should be available in the future as
well, or there should be dual
monitorsin the training classroom.

The amount of material should be cut
down by writing shorter instructions
or leaving out some issues that are
not central for users. It was
mentioned above that |less materia
could be available on creating
concrete or stedl parts, creating
connections, and creating drawings.

The materia structure could be
clarified by e.g. numbering the third
heading level and including only one
heading level without outline
numbering. Each subsection should
be started on a new page.

A Finnish training material package
should be written.

A table of contents and index should
be added to the printed training
material.




