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Abstract

Trend of rapid pace in earthworks has forced geotechnical laboratories to increase their productivity and performance at organizational as
well as at individual level. Though geotechnical work involves numerous mobile work processes but the true potential of rapidly growing
mobile computing technologies (MCT) has not yet been effectively exploited mainly due to lack of realization of a potential match be-
tween features of this specific technological paradigm and major task requirements. To fill this gap, this study investigated and charac-
terized salient task characteristics and features of MCT. Based on the theory of task-technology fit (TTF), an initial conceptual model is
proposed which reflects hypothesized relationships for finding a fit between task and technology and consequently assessing its impact
on performance of geotechnical field workers. This paper contributes to the knowledge pool of information system through development
of an adapted TTF model in geotechnical mobile work context. Lastly, future research plan of using quantitative methodology for finding

empirical support of this conceptual model is presented.
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1. Introduction

Geotechnical engineering examines behaviour of earth materials.
Its major applications are investigations of soil properties and
underground water prospects for development of civil projects as
well as for the prediction, avoidance and mitigation of natural
disasters like floods, landslides, earthquakes and mud flows [1].
Due to various socio-economic factors, a trend of rapid pace in
earthworks like reservoirs, offshore structures, tunnels, deposition
of hazardous waste, oil platforms and onshore and offshore struc-
tures is being witnessed in recent years. This, along with the issue
of scarcity of land with good soil and the increased awareness
about safety related concerns regarding civil works, is mounting
pressure on geotechnical enterprises to revamp their business pro-
cesses so that contemporary challenges of increased productivity
and performance can be met [2][3].

Business processes are improved or innovated usually by the in-
corporation of appropriate technologies. Geotechnical work pro-
cesses comprise of numerous stages (as shown in figure 1) during
which vast variety of information is fetched and dispatched [4]. A
complete geotechnical investigation and analysis consists of an
ample course of sample collection, laboratory and on field testing,
and procedures involving analysis and assessment. Major activi-
ties involved in a typical geotechnical project are conducting field
investigations, geologic surveying and mapping, preparation of
preliminary boring log using the field results, conducting the sub-
surface investigation, performing in-situ tests, coordinating with
all stakeholders and determining and conducting laboratory tests
for the collected samples [5]. Estimated duration and cost of each
activity varies based on the level of complexity, constraints and
as-

signedresources.
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Figure 1. Processes of Geotechnical Engineering

These wide varieties of tasks require swift acquisition of accurate
data and coordinated exchange of information and resources. This
resultantly necessitates the use of appropriate information tech-
nologies. It is believed that use of information technology (IT) has
the potential to make significant contribution in providing effec-
tive interaction between stakeholders, minimizing cost, increasing
productivity and performance and consequently creating a com-
petitive edge for an organization [3].

For industries involving large amount of field work, IT can more
effectively act as a conduit for dispersed information as well as
human resources. Examples of different technological applications
for geotechnical professionals include Rugged Mobile Devices,
Geographic Information System, Electronic Document Manage-
ment System, Digital description of borehole logs, Digital Photo-
grammetry, Remote Sensing, Geotechnical Modelling, Laboratory
Information Management System, E-Work Orders, Digital analy-
sis of SCPT data, data loggers, and location-based services [2]
[4][6][7].

Mobile computing technology (MCT) is passing through an era of
rapid growth with its increasing capacities and availability [8].
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Because of the fact that geotechnical processes involve great
amount of field work ranging from sample collection to interac-
tion between stakeholders so this makes MCT a potential enabler
for its business process improvement. Due to varying require-
ments and existence of non-coherent groups of end users, contem-
porary research stresses on the customization of mobile infor-
mation system for increase in productivity and performance of the
organization as well as individuals [9]. This necessitates examin-
ing the determinants and relationships of a customized mobile
information system and its impact on individual’s performance
and productivity in the domain of geotechnical industry.

On the basis of this problem background, this research aims to
investigate following research question.

“Which mobile computing features are useful for different task
requirements of geotechnical field workers?”

Thus in order to find a customized solution, next section critically
reviews field worker’s task characteristics and major mobile work
support functions enabled by mobile computing technologies in
the context of geotechnical work processes.

2. Literature Review

Customization of an integrated mobile computing enabled
laboratory information system requires identification of
task requirements and their respective potential mobile
work support functions enabled by MCT.

2.1 Task Characteristics

An activity executed by the workers aimed at accomplishing a
well-defined goal is defined as a task. Following three groups of
literature have facilitated in characterizing the task requirements
and defining major mobile task characteristics.

i.  Concept of mobility and its dimensions

ii.  Scope of geotechnical work processes and job descrip-

tions of geotechnical field workers
ili.  Previous researchers’ identification and classification
of task requirements

Understanding of what mobility means, how it has been used, and
what are its underlying dimensions, are critical pre-cursors of
determining its enterprise value. Mobility is defined along its three
dimensions i.e. spatial, temporal and contextual [10]. These di-
mensions help in identification of task characteristics of mobile
workers.
Secondly, scope of geotechnical engineering tasks encompassed
by job descriptions of geotechnical professionals working in the
field delineates core task groups of the domain of interest. Major
activities involved in a typical geotechnical project are conducting
field investigations, geologic surveying and mapping, preparation
of preliminary boring log using the field results, conducting the
subsurface investigation, performing in-situ tests, coordinating
with all stakeholders and determining and conducting laboratory
tests for the collected samples [5][6][11]. All these activities com-
prise of different individual tasks. For example, field investigation
comprises of tasks like information access, data management and
task scheduling. Similarly, other activities or phases of geotech-
nical engineering project may also involve the above stated tasks
as well as other distinct tasks. Technological features are intended
to support individual tasks rather than phases [12].
Tasks can be assembled jointly to outline key tasks based on their
common characteristics. Previous researchers have analyzed tasks
along different dimensions like complexity, temporal constraints,
spatial dependence and contextual requirements. According to
Basole [13], task can be described along temporal and spatial di-
mensions. Gebauer et al. [14] illustrated temporal boundaries of a
typical task along further three sub dimensions of urgency, dura-
tion and punctuality. While Yuan et.al. [15] in their research elab-
orated that though stationary tasks can be illustrated along com-
plexity and interdependence but for mobile work another im-

portant dimension called context is necessary to cover all aspects
of task requirements.

Based on the critical review of above narrated literature and keep-
ing in view the domain characteristics and context of this research,
following three major task requirements have been characterized.

1) Task interdependence: It defines the degree of depend-
ence of different tasks on each other for their respective accom-
plishment. Due to involvement of different personals for the ac-
complishment of a typical task, exchange of information and other
resources is seen more frequently in geotechnical projects. Pearce
et al. [16] modelled this interdependence using three different
factors like depend on others, others’ dependence and reciprocal
dependence. Interdependence between tasks can be fostered
through effective exchange and sharing of resources of all types
(e.g. equipments, information and human etc.) either in series or
sequentially [17].

2) Time criticality: It defines the importance of time for a
given task both in terms of sequence and execution. Time criticali-
ty is recognized as a causative feature for effectiveness of mobile
information system[14]. Time criticality is categorized in three
attributes: time window, urgency and punctuality. Phases like
analysis and collection of sample involve tasks which are tempo-
rally sensitive either in terms of time compression or urgency.

3) Location sensitivity: It defines that execution of task is
how much affected by spatial dispersion or dependence. Geotech-
nical tasks involving sample collection and in-situ tests are mas-
sively dependent on spatial characteristics. Spatial dispersion is
defined as the extent to which personnel are required to move to
different locations in order to accomplish a certain goal [17].
Whereas, spatial dependence is defined as the extent to which
location is considered critical in performance of a particular tasks
[18].

2.2 Mobile Computing Technologies

Mobile computing technology (MCT) refers to portable handheld
devices such as a smart phone, tablet PC or any other type or vari-
ation of a computing device that can be used during field activities
to perform tasks that would normally be completed using other
less technologically advanced data capture techniques like a pen
and a pad [8].
Benefits of mobile technology can be viewed from two angles;
one from individual perspective and the other from organizational
perspective. From individual perspective, MCT improves users’
effectiveness as well as efficiency through time compression. For
organizations, MCT offers better control, flexibility, quality and
transparency [19].
Features provided by MCT are previously classified along differ-
ent dimensions like interactive, proactive, connective, informative,
transactional, ubiquitous data access, collaborative, integration
and automation of processes [9][20][21]. Different classes have
been developed based on the focus of a particular investigation
and objectives. Features of MCT, found relevant to support ge-
otechnical field workers’ portfolio of tasks, can be broadly catego-
rized into following 3 types.

a. Mobile Information Access (Both textual and geo spa-

tial)
b. Mobile Data Processing
c. Mobile Task Scheduling and Dispatching

2.3 Related IS Theories

Review of information system (IS) literature, comprising of rele-
vant IS theories in the context of customization and compatibility
of a system and ultimately examining the relationship between
performance impact and its determinants, has helped in identifica-
tion of three major and most relevant groups of previous research
studies.
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e TTF and Performance Impact [12][22]
e Analysis of Fit between task and technology [15][23]
e  System Utilization and Performance Impact [22]

Concept of fit, in current research context, is quite similar to
matching the demands with supplies and thus deciding what and
how much it is useful or otherwise in the prevailing context. Fit in
information system research can be measured in several ways like
congruence, interaction and absolute difference [15]. But based on
the fact that interaction and absolute difference take the view of
relationship as a straight line usefulness relation rather than taking
into consideration any other relevant factor like performance im-
pact in our research. Congruence itself has two measurement tech-
niques. One is ‘Facets-of-fit” while the other is ‘Predicted out-
comes’. Facets-of-fit involves identifying important facets of the
task requirements and assessing whether the tool meets each of
them. The predicted-outcome method predicts the outcomes of
tool use and whether they are as desired [22]. Predicted-outcomes
method is used in this research to measure fit. This measurement
is straightforward and the data are easy to collect; users can re-
spond whether use of each work support function would assist
them in their portfolio of tasks.

Task Technology Fit is considered most relevant theory for this
type of research as TTF claims ‘there must be a good fit between
the technology and the tasks it supports” [12]. Many researchers
have previously used TTF in mobile context. Deibert et al. [24]
have examined factors influencing process performance of opera-
tional staff in construction industry setting. They then included
mobile technology and technology intensity factor and analyzed
the impact of these technology factors on the existing relationship.
Their empirical research concluded that use of mobile technology
has trade-offs and based on task requirements, incorporation of
appropriate level of technology intensity (e.g. use of sensors,
RFID etc.) brings improvement in process performance. Ahearne
et al. [25] posit that performance impact is created by higher IT
usage. An adapted TTF model was tested and validated in phar-
maceutical setting. Yan & Lihua [26] targeted on finding which
kind of tasks of sales workers can be effectively supported by
what type of mobile technology. Their study used TTF model with
testing individual characteristics effect on relationship between
effectiveness of task-technology and actual usage of technology.
Similarly, many others researchers have also conducted both theo-
retical as well as empirical research regarding finding the effec-
tiveness as well as performance impact of a technology in specific
domain. Some researchers have done it in organization context
while others have done it by focusing on individual unit.

3. Research Model

Based on review of related literature, a conceptual model, aimed at
discovering a better fit between geotechnical task requirements
and features of MCT and consequently finding the impact of ef-
fectiveness of MCT on performance of geotechnical field workers.
Figure 1 shows the conceptual perceived performance model of
this research.

Perceved performance |

Hizc

— Intention to use

7
/
i
) Hia * y e /
T e | Perceived Effectiveness of Functionsof /
3 Mohile Work Support /
§ o ¢ Information acquisition /
¥ - Hs v Transaction processing /
£ TmeCwely | "l \obetakchebiing b dipicing |
S Hea-¢

Location sensitivity

-
=
>

Figure 2: Conceptual Perceived Performance Model
3.1 Research Hypothesis

Task interdependence: The more workers rely on the execution
of tasks of their colleagues for accomplishment of their own tasks,
the more interdependent tasks will be and the more effective mo-
bile work support will be [27][15][28]. Despite the fact that ge-
otechnical laboratory workers theoretically work independently in
their field work, coordination with their colleagues working in
different capacities will remain a necessity especially in emergen-
cy situations. Mobile work support functions can facilitate this
coordination requirement. Thus, on the basis of literature support,
it is hypothesized that:

H1la-c: Perceived effectiveness of mobile work support functions
is influenced by task interdependence.

Time criticality: Time criticality refers to the temporal dimen-
sion of mobility i.e. how critical timing is with reference to execu-
tion of job [13]. This study assumes that geotechnical field work-
ers have to complete time-critical tasks. Mobile computing tech-
nology can help in this regard too [11][13]. Thus, it is hypothe-
sized that:

H2a-c: Time criticality is positively correlated with the perceived
effectiveness of mobile work support functions.

Location sensitivity: Most evident dimension of mobility is geo-
graphic variation or dependence. If geo positioning related data or
activities are required in carrying out a task then this refers to
location sensitivity [19]. It can be further gauged against two pa-
rameters. First is location variance i.e. degree of change in loca-
tion for a worker while performing his duty. Second is location
dependence, which measures the level of geo positioning infor-
mation required to perform a task. For geotechnical laboratory
workers, the information about their current location is very cru-
cial as well as very basic one and mobile technology simply facili-
tates this as this is one of rudimentary feature of this technology
[28]. Thus, it is hypothesized that:

H3a-c: Location Sensitivity is positively associated with perceived
effectiveness of mobile work support functions.

Fit between task & technology and perceived performance
impact: TTF Model states that if technology assistance is aligned
with the demands of tasks then this will lead to positive perfor-
mance impact [16]. Many researchers have tested and validated
this relationship in different contexts [18] [21]. Thus, on the basis
of literature support, it is hypothesized that:
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H4a-c: Perceived effectiveness of features provided by mobile
computing enabled laboratory information system has a positive
influence on perceived performance of geotechnical field workers.

Impact of perceived effectiveness on intention to use MCT:
According to technology acceptance model (TAM), behavioural
intent to use a technology is affected by the effectiveness of that
specific technology in carrying out requisite tasks [30]. This rela-
tionship is comprehensively discussed and tested in the literature
[31][32]. Thus, on the basis of literature support, it is hypothesized
that:

H5a-c: Intent to use features, provided by mobile computing ena-
bled laboratory information system, is affected by perceived effec-
tiveness between mobile worker tasks and respective technology
feature.

Impact of intention to use MCT on perceived performance:
Use of information system is considered to positively influence
individual performance. This association has been tested and vali-
dated in various research studies [17][18][21]. Thus, it is hypoth-
esized that:

H6a-c: Perceived mobile work performance is influenced by Inten-
tion to use features provided by mobile computing enabled labora-
tory information system.

4. Future Plan for Empirical Validation of
Conceptual Model

Quantitative research methodology using survey as data collection
instrument will be applied for empirical validation of proposed
conceptual model. Research instrument will be developed through
review of relevant literature and subsequently performing item
refinement procedure. Simple random sampling will be chosen for
the selection of sample from the population. Survey will be con-
ducted in geotechnical organization working in Johor, Kuala
Lumpur and Selangor as these geographical areas are witnessing
massive civil works on soft soil. Second generation multivariate
analysis technique, Structured Equation Modelling, will be used
for analysis of data.

5. Conclusion

Based on extensive literature review, task requirements of ge-
otechnical field workers have been grouped and their respective
candidate mobile work support functions have been identified.
Pair wise links have been created between task and technology
characteristics so that a customized mobile information system in
geotechnical context can be modelled for obtaining better fit and
resultantly finding its increased performance impact on its poten-
tial end users. This study has augmented IS pool of knowledge by
extending the theory of task technology fit in mobile work context,
whereas in practical perspective, managers or practitioners can use
this model as a guideline for development, implementation or
procurement of a customized mobile laboratory information sys-
tem. This study could have been further strengthened by conduct-
ing an exploratory field study regarding identification of task and
technology characteristics. For future research direction, empirical
study based on the proposed conceptual model in certain research
settings, as described in future plan (section-4), will facilitate the
process of validation of conceptual model.
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