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ABSTRACT

Several recent studies of ERP system interfaces have confirmed that their poor usability hinders
worker productivity, despite the huge investments companies make in user training and
support. Usability challenges arise from the complexity of ERP systems, which are designed as a
universal tool for a plethora of organizational practices and contexts. Learning to operate within
an excessively vast terrain of ERP task pages and parameters is a significant challenge for most
ERP users. Our proposed solution relies on the system itself to share task and process information
in order to guide users through learning and performing their business tasks with the system.
This perspective arises from employing the human-computer collaboration approach to the
design of user interfaces, which we apply as a guiding framework for our research. In this
paper, we present two interface components for providing ERP system users with task and
process guidance: Automated Playback and Interactive Process Visualization. The novelty of our
approach comes from using the history of past interactions to dynamically compose animated
demonstrations of task interfaces and to provide an interactive graphical map of the current
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process being worked on by the user.

1. Introduction

Mainstream enterprise resource planning (ERP) sys-
tems are difficult to master, take inordinate amounts of
training (Beatty & Williams, 2006; Koh, Gunasekaran,
& Cooper, 2009; Scott, 2005; Topi, Lucas, & Babaian,
2005), increase anxiety levels in an already overstressed
workforce (Love, Irani, Standing, & Themistocleous,
2007), and can stymie even the most sophisticated of
users. Usage issues identified in earlier studies included
unwieldy menus that hamper navigation, inadequate
task support, lack of support in error situations, and
outputs that are difficult to interpret (Bishu, Kleiner, &
Drury, 2001; Parks, 2012; Rettig, 2007; Scholtz, Cilliers,
& Calitz, 2010; Singh & Wesson, 2009). Studies by
Lambeck, Fohrholz, Leyh, Stpulniece, & Muller (2014a,
2014b) have confirmed that many of these issues per-
sist today and continue to plague ERP users long after
the conversion phase and training periods have ended.
Also noteworthy is that challenges in identifying and
accessing the required functionality remain a problem
across all levels of user experience. Overall system com-
plexity can be damaging not only to employee morale
and productivity (Iansiti, 2016; Matthews, 2016) but also
to the bottom line, as incorrectly entered data flowing
through an enterprise-wide system can lead to a host of

operational issues (Babaian, Lucas, Xu, & Topi, 2010;
Topi, Lucas, & Babaian, 2006; Parks, 2012).

Despite the widespread recognition of ERP usability
issues and the havoc they can wreak, there has been a
profound lack of significant progress in improving upon
the design of these systems. A recent Gartner report
notes that ERP vendors are using social media in new
product releases to enhance the user experience (Ganly
& Montgomery, 2015), but such advances will not impact
the usability of the system itself. Much attention has been
focused on applying process mining for process discov-
ery in enterprise systems (van der Aalst, 2011), but the
aim is typically to evaluate and optimize processes rather
than improve usability. There has been some headway in
applying process visualizations for benefiting end user
understanding (Hipp, Mutschler, & Reichert, 2012; Kolb
& Reichert, 2013), but such approaches have not been
integrated into ERP systems for interactive use.

The need for new approaches for improving the usa-
bility of ERP systems motivated the work presented here.
In this paper, we present novel user interface components
for supporting end users of ERP systems during sys-
tem-—user interaction. The two components, Automated
Playback and Interactive Process Visualization, target
two of the largest hurdles facing ERP users: (1) how
to actually use the system to perform a specific task
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(for new users or experienced ones accessing an unfa-
miliar or infrequently used part of the system), and (2)
how the tasks performed by different people are related
to each other within the overall business context. The
aforementioned field studies have revealed that this type
of knowledge is essential for making successful use of
an ERP system.

The Automated Playback component, an earlier ver-
sion of which appeared in Babaian and Lucas (2012),
presents users with on-demand, automated demonstra-
tions of how to execute any task that has been previously
performed with the system. This demonstration is con-
structed in real time based on the logged history of sys-
tem-—user interactions. Automated Playback is a powerful
tool for avoiding system atrophy, in which use of the sys-
tem wanes due to a lack of knowledge transfer and reten-
tion concerning system usage. Furthermore, this method
is much more costand time-effective than the typically
recommended approach of avoiding declining use by
delivering periodic, post-implementation training on a
continual basis (Babaian, Lucas, & Topi, 2007; Norton,
Coulson-Thomas, Coulson-Thomas, & Ashurst, 2013).

The Interactive Process Visualization component, first
introduced in Lucas, Xu, and Babaian (2013), consists
of two graphbased views of the process encompassing
the user’s current task: a general schema of the process
(the Process Graph), and the way the current instance
has been executed so far (the Process Instance Graph).
Both graphs are interactive and convey additional con-
textual information, such as the typical order of tasks
and the users and documents that are involved at each
step. These visualizations also reduce the likelihood of
system atrophy while diminishing the need for ongoing
training by revealing how processes are implemented
within the system and providing information that can
be difficult to discover without considerable expertise.

This work is part of a broader research project focus-
ing on improving the usability of enterprise systems by
evaluating and reengineering the way they interact with
users. The framework underlying our approach is based
on the human-computer collaboration (HCC) paradigm
(Grosz, 1996, 2005; Shieber, 1996; Terveen, 1995), which
is grounded in the idea of creating systems that act as
an effective partner to a human user rather than just a
comprehensive tool. To achieve effective system-user
collaboration requires addressing the demands imposed
by the collaborative model of system-user interaction
early on, starting from the analysis of the requirements.
We have used collaboration theory (Bratman, 1992;
Grosz & Kraus, 1996) as a unifying theory and a guide
in all stages of this research, ranging from field studies to
design principles to artifact development and evaluation
methodologies (see, for example, Babaian, Xu, & Lucas,
2014; 2010; Cooprider et al., 2010; Lucas & Babaian,
2012; Topi et al., 2005).

In the next section, we discuss the current state of
related work and provide background on collabora-
tion theory. We then describe the design science-based
research framework for creating ERP systems that
collaborate with users. This is followed by descrip-
tions of Automated Playback and Interactive Process
Visualization. Next, we present and interpret findings
from an empirical evaluation of these components. We
conclude with a discussion of our research contributions
and directions for future research.

2. Related work
2.1. ERP usability

The International Organization for Standardization
defines usability as the extent to which a system helps a
user achieve specific goals in a specific context effectively,
efficiently, and with satisfaction (ISO, 1998). Designing
usable software systems is one of the central research
objectives of the field of human-computer interaction
(HCI) (Nielsen, 1993; Sears & Jacko, 2008).

Despite their widespread adoption by organizations
and enterprises around the world, ERP systems have long
been criticized for poor usability (Calisir & Calisir, 2004;
Hestermann, 2009; Iansiti, 2016; Rettig, 2007). Several
studies have reported a number of usability problems in
a variety of ERP systems using different research meth-
ods (see Table 1). Although there has been some progress
in improving ERP usability in the past decade, recent
studies confirm that many of the fundamental usability
challenges still exist.

Research on ERP systems in the Information Systems
(IS) literature has been focused on the success and failure
factors for ERP implementations in organizations (Botta-
Genoulaz, Millet, & Grabot, 2005; Grossman & Walsh,
2004; Sarker & Less, 2003; Siau, 2004; Snider, da Silveira, &
Balakrishnan, 2009) and the psychological determinants of
the end users’ intentions to adopt ERP systems (Amoako-
Gyampah, 2007; Bueno & Salmeron, 2008). Little research
has delved more deeply into the design characteristics that
affect end user perceptions of system usability.

2.2. Process visualization

The concept of a business process is central to ERP sys-
tems. Efforts to help users understand and visualize pro-
cesses go back to the 1990s, with the publication of the
event-driven process models underlying SAP R/3 (Keller
& Teufel, 1998). Cutting-edge strategies of ERP vendors
include developing enterprise business process analy-
sis (eBPA) tools, such as SAP Process Orchestration and
SAP Operational Process Intelligence, which help define
and monitor business processes for the postmodern
enterprise landscape. Current enterprise solutions often
span multiple platforms and include applications from



Table1. Usability issues identified in ERP user studies.
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References Data sample Methodology

System Usability issues

Topi et al. (2005) Nine ERP system users, one

non-user interviews

Matthews (2008) 250 customers of an enterprise
application company and 100

non-customers

Survey

Singh and Wesson
(2009)

Three usability experts

Scholtz et al. (2010) 21 CS students in an MIS course

Parks (2012) 38 participants, 19 of whom
performed the test procedure

as part of their normal work

experiments

Lambeck et al. (2014a,
2014b)

184 users of ERP systems small-
and medium-size companies

Survey

Wong et al. (2015) 127 users (questionnaire), 24 of

those for interviews

interviews

In-depth, semi-structured

Heuristic evaluation

Case study with electronic
time diaries, surveys, and
usability questionnaires

Series of 42 controlled

System Usability Scale SAP
(SUS) questionnaire
and semi-structured

Confidential Difficulty in identifying and accessing
needed information and functions

Cumbersome error-handling mech-
anisms

Transaction execution problems

System complexity

Terminology problems

Difficulty in finding information and
understanding how to navigate
through the system

Chore for any one person to learn
portion of application that will be
used on a daily basis

Difficult to navigate beyond small part
of system with which user is familiar

Issues with using other parts of the
system, as they work differently,
have different types of interaction

Navigation and access to information

Presentation of screen output

Appropriateness of task support

Ability to customize

Navigation issues, including finding
functions in menus and difficulty in
searching

Presentation problems, including
complexity and abundance of tabs,
information overload

Complex, dense screens

Difficult to navigate

Lack of support for navigation and
data entry

High level od system complexity

Provides more information and details
than is needed

Difficulties with locating required
functionality

Lack of system communicativeness
(i.e., effectiveness in communicating
to the user the purpose it was devel-
oped for and how to use it

Unspecified

SAP business one

SAPR/3

PeopleSoftTM

SAP (28.26%) plus
broad range of
other systems

different vendors, some of which are delivered via cloud
services (Hostmann et al., 2015; Phelan, 2015).

Many business process management (BPM) and
workflow management systems automatically extract
and visualize business process models from the event
logs of ERP systems. Depending on the purpose of the
visualization, different forms of process models can be
discovered (van der Aalst, 2011), such as control flow
(van der Aalst, 2010), data flow (Sun, Zhao, Nunamaker,
& Sheng, 2006), organizational structure, and social net-
works (van der Aalst et al., 2007). For example, the Disco
system constructs a business process map by mining sys-
tem event logs (Fluxicon, 2016). Research in this area
focuses on tackling several key challenges, such as laying
out complex graphs. Some BPM packages address the
graph complexity problem by presenting data at varying
levels of granularity (Streit, Pham, & Brown, 2005) and
from different user perspectives (Bobrik, Reichert, &
Bauer, 2007; Jablonski & Goetz, 2008).

Most process visualization techniques are designed to
facilitate process discovery, analysis, and evaluation for
management purposes rather than for usability improve-
ment. They have not been integrated into enterprise sys-
tems to support end users in their daily operations (Van

der Aalst, Pesic, & Song, 2010). The Compass system
(Hipp etal., 2012) supports workers in automotive engi-
neering by helping them navigate large process spaces
and keep track of process-related documents at varying
levels of detail. Differently from our approach, this sys-
tem runs outside of the enterprise tools involved in those
processes and uses process model descriptions that are
external to those tools.

Compared to the above research, our work is unique
in that (1) we instrument user interface solutions to usa-
bility problems, embed them within an ERP system pro-
totype, and evaluate them with users; (2) process related
user support is generated by the enterprise system itself
using the data stored within it; and (3) we use collab-
oration theory as a guide in designing these solutions.

2.3. Human-computer collaboration

The human-computer collaboration (HCC) paradigm
of system-user interaction defines collaboration as “a
process in which two or more agents work together to
achieve shared goals” (Terveen, 1995, p. 67). In HCC,
the two agents (a.k.a. parties) are a computer system
and a human user. The HCC paradigm proposes to
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fundamentally shift our view of the relationship between
a human user and a computer system (Grosz & Kraus,
1996; Grosz, 2005; Rich, Sidner, & Lesh, 2001; Terveen,
1995) from that of master-servant to partner-to-part-
ner (Grosz, 1996; Shieber, 1996). Consequential to that
shift, the division of labor and the models of human-
computer interaction may change, placing a greater
focus on the system’s role in the success of the overall
process and outcome. Notably, throughout our whole
project we do not seek any human-like qualities in the
system; instead, we employ the human-complementary
approach (Terveen, 1995), which stipulates that people
and computers have very different strengths, and the
allocation of tasks between them must be done accord-
ing to the natural strengths of each.

HCC is grounded in human collaboration theory
(e.g., Bratman, 1992), which has been developed into
logicbased mathematical models (Grosz & Sidner,
1990; Grosz & Kraus, 1996). To summarize its theoret-
ical underpinnings, collaboration requires its parties to
share a goal as well as the group and individual plans
for achieving that goal. The goal (sometimes referred
to as the collaborative activity) and the associated plan
may be initially incomplete and undergo decomposition,
refinement and revision as the parties progress in the
process of working on the activity. Plan development
and execution require that the parties communicate,
sharing the relevant details regarding their plans and
their progress as needed. For such communication to be
effective, the parties should maintain a shared context
regarding their joint activity. Furthermore, collabora-
tion requires mutual responsiveness and mutual support
between partners. These two aspects motivate collabora-
tors to learn and adapt to each other, help a partner that
is having a problem performing his/her part, and engage
in other helpful behaviors caused by their commitment
to the shared goal.

HCC has been applied to the development of user
interfaces that illustrate this paradigm. These include
the COLLAGEN system (Rich, Sidner & Lesh, 2001),
which supports collaborative planning, and Writers Aid
(Babaian, Grosz & Shieber, 2002), which assists authors
by automatically finding and inserting needed refer-
ences in scientific manuscripts. Both are based on the
SharedPlans model of collaboration (Grosz & Sidner,
1990; Grosz & Kraus, 1996). While there has been a
noticeable movement toward smarter, more collaborative
applications in recent years, these advances have yet to
reach the domain of complex enterprise software. To the
best of our knowledge, there has been no other research
on improving usability via strengthening the collabora-
tive capabilities of large-scale enterprise systems.

2.4. Other related approaches

Existing approaches most closely related to Automated
Playback and Interactive Process Visualization include
task recommender and tutorial systems that are derived

from an embedded model of the systems function-
ality combined with the recorded history of prior
use. Examples include the OWL recommender sys-
tem (Linton, Joy, Schaefer, & Charron, 2000) and the
ADAPTS system (Brusilovsky & Cooper, 2002). Other
related examples include CoScripter, which allows users
to record, replay, and share scripts implementing web-
based enterprise processes (Leshed, Haber, Matthews,
& Lau, 2008), and SmartAide’, which dynamically
composes context-aware, step-by-step instructions
(Ramachandran & Young, 2005).

The capture-and-replay approach is also used for auto-
mating software quality assurance purposes in the field
(Joshi & Orso, 2006; Saft, Artzi, Perkins, & Ernst, 2005).
What distinguishes our Automated Playback feature
from these and other such tools (e.g., tools reviewed in
Jovic, Adamoli, Zaparanuks, & Hauswirth, 2010) is that
it is presented to the user as a tutorial rather than being
used for software testing or other development purposes.

3. Methods

In this section, we further motivate and explain how the
two components presented in this paper were developed
within the scope of a larger research project on designing
collaborative ERP systems for improving usability.

A key aspect of design research lies in its rele-
vance to practice (Hevner, March, Park, & Ram, 2004;
Zimmerman, Forlizz, & Evenson, 2007). Poor ERP
usability is a widely reported problem, and designing
effective user interfaces for complex systems has been
acknowledged as the next frontier for usability research
and methods (Redish, 2007). The complexity of ERP
and other enterprise systems stems from the need to
support a very broad range of business tasks and users
with varying expertise. Enterprise tasks are highly inter-
dependent, yet relationships between them are largely
hidden from the users. Furthermore, each task inter-
face is implemented using a multitude of parameters in
order to accommodate industry-wide, rather than com-
pany-specific, business practices. When exposed to the
vast set of generic options, users often feel overwhelmed,
confused, and lost within the maze-like landscape of the
innumerable task interfaces (Lambeck et al., 2014b).

We follow design science research frameworks
(Hevner et al., 2004; Peffers, Tuunanen, Rothenberger,
& Chatterjee, 2007), including one formulated specifi
for HCI research (Zimmerman et al., 2007). As done
by Rosenkranz, Holten, Rékers, and Behrmann (2016),
our research is grounded in theory from the start and
throughout all stages. We have combined theory, field
research, and engineering practices in a novel way to
develop innovative artifacts and derive new knowledge.
In our evaluation, we examined artifact features in rela-
tionship to specifi goals and measures, as advocated by
Niehaves and Ortbach (2016). Figure 1 shows a vari-
ation of Hevner et al’s Information Systems Research
Framework for Design Research (2004, p. 80). It presents
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ERP End Users

Roles and capabilities
Experience levels
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Numerous functions
Complex processes

Relevance

Justify
* ERP field studies

Motivate | Guide

Develop/Build
Design Principles
Task-Interface-Logging

Knowledge Base

Foundations
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HCC approach
Usability research
(definitions, models,

*  High cost of training Business (TIL) model Applicakle he}xrl.stlcs) i
and support Needs Prototype including: Knowledge | *  Existing techniques
Auto Playback for user support
ERP Systems Interactive
Process
* Integrated processes Usability, Visualization Theories,
¢ Centralized data productivity Collaborative critique models,
B q techniques,
. :pojto;y Survey instrument methodologies Methodologies
. anrfar user Assess Refine * Qualitative study
Interfaces ¢ Quantitative analysis

ERP System-User
Interactions
¢  Usability challenges

Evaluate

Lab experiments with
prototypes
Expert user study

*  Theoretical modeling

Contributions to practice ‘

- Methods and techniques for designing collaborative systems

- Design Principles for enhanced usability

- Novel interface components (Auto Playback & Interactive
Process Visualization) illustrating Design Principles

Figure 1. Designing collaborative ERP systems — research map.

a map of our research in improving the usability of ERP
systems. The artifacts and contributions that are the sub-
ject of this paper appear in italics.

In our earlier work, we (1) detailed the theory behind
the human-computer collaboration paradigm, which
serves as a guiding theory to our research, and concep-
tually and empirically linked collaborative properties of
systems with system usability, thus motivating and justify-
ing our collaboration-based approach to tackling the inad-
equate usability of complex systems (Babaian, Lucas, &
Topi, 2006; Topi et al., 2006). To apply the HCC paradigm
in the context of ERP systems, we first needed to identify
the usability problems experienced by users in the field.
We thus developed a set of interview questions for elicit-
ing information regarding usability issues. These questions
address the behaviors of the ERP system and its users in the
context of usability problems and collaboration theory (as
outlined in the “Human-computer collaboration” section).

We conducted 43 field interviews and observations in
four different companies that used three different ERP
systems. These companies were from different industry
sectors (engineering, IT, property management, and
medical device manufacturing), and the interviewees
represented a broad sample of users with varying ERP
experience, company tenure, and job roles. The inter-
views were semi-structured, and the 24 interview ques-
tions were pre-designed and pilot-tested to gather users’
experience with the ERP systems. More than 1500 pages
of transcribed interview data were collected for analysis.
Four members of our research group were divided into
two groups of coders. One group was responsible for
coding the collaboration aspect and the other for cod-
ing the system usability aspect. The two groups worked

H Contributions to theory

- Applying collaboration theory to the design of large-scale,
complex enterprise systems

- Demonstrating how TIL model enables a rich set of novel,
collaborative extensions

independently. Within each group, the two coders coded
each interview transcript independently, with over 70%
inter-coder reliability. Discrepancies in coding were
identified and addressed by the coders by means of
correspondence and face-to-face meetings. During the
coding, each transcript was divided into multi-sentence
chunks, each of which was assigned to zero, one, or mul-
tiple coding categories that were developed based on col-
laboration theory (Bratman, 1992) or the ISO definition
of usability (ISO, 1998).

We analyzed the coded data, categorizing usability
issues and other observed phenomena based on the
principles of collaboration. This analysis confirmed
that all usability breakdowns could be explained as vio-
lations of one or more tenets of collaboration, some-
times on the part of the user, but overwhelmingly by
the system. Importantly, the same phenomena were
present regardless of the company size or the type of
ERP system. A detailed description of these findings is
the subject of previously published work (Babaian et al.,
2010; Cooprider et al., 2010).

As an illustration, consider the quotes from inter-
views with ERP system users in Figure 2. They convey
the complexity of the system and the need for built-in
task and process-level support, which is clearly lacking.
Even after extensive training, users have to memorize
step-bystep procedures or turn to checklists or manuals
in order to perform their tasks.

To summarize, our key finding was that the lack of
system support for helping users understand relation-
ships between individual system components (e.g., tasks
within a business process as well as related data and
interface components) is one of the biggest obstacles to



194 (&) T.BABAIANETAL.

On performing individual tasks

I have a little checklist, so when I do ACH payments, I just have screen charts and just little directions that
I need to go back in and redo it. I have just directions on step-by-step with the screen chart. This was just

so much easier.

[When entering a sales order], there is nothing that is going to tell you you’ve entered in the header and
now you go into the line item and you update this and you update that. The system doesn’t do any of that.

It’s more of its user having to know the steps.

They memorized it. They’ve memorized what needs to happen too. So, you need to know the screens. And,

you need to be trained in what the process is.

On relating ERP tasks to the overall process

There’s a transaction for ‘4’, transaction for “B” and transaction for ‘C” and nothing links them...

[ERP] doesn’t tell you what steps to take next. You have to basically, like I said, know what the next step is

Jfor your process, for what your job title is to do.

I went to three-weeks-worth of [ERP] training, passed the certification exam, came back to my desk and
started my project and literally did not know how to start. There’s another gentleman on my team who I
brought with me. We sat down at our desks on that first Monday back; and we didn’t know how to get
started. So we had a [ERP] consultant join us; and he worked with us for two days a week.

On system as a collaborator

So with the system, it's somebody that just smirks at you...And that's the frustrating part about it that again
is the biggest pain in the backside. So, I would say, it's not a good partner, I feel like it's an impassive

sometimes uncooperative coworker.

Figure 2. Selected quotes from interviews of ERP field users.

the productive use of ERP systems. Considering these
observations through the lens of collaboration theory,
we concluded that:

o Users cannot be expected to know all of the rela-
tionships between the different system components
because of their number and complexity.

o Since these components comprise the ERP sys-
tem, the system itself is responsible for sharing its
knowledge with the user in an understandable and
actionable way.

Field studies were followed by the formulation of design
principles for creating ERP systems that overcome the
usability challenges we identifi (Babaian et al., 2010).
These design principles were derived by analyzing the
findings of the field studies within the context of ERP
systems, with collaboration theory serving as a guide.
Design principles DP1 through DP4 (see Figure 3)
do not mandate a specific implementation, which can
and should vary, but outline the system properties and
behaviors that strengthen its collaborative capabilities
and, thus, can be expected to lead to greater usability.
For the system to guide the user in an effective, con-
text-aware way, it needs to keep track of the context of
each interaction and be able to determine what infor-
mation is relevant and should be shared. Therefore, the
design of the system must support reasoning about
the system’s functional components and their relation-
ship to the business tasks in the context of the current

interaction. In addition, having information regarding
users and their past interactions would enable the guid-
ance to be adjusted, based on specific user experiences.
Common usage patterns could be discovered and used
to further improve the effectiveness of the interactions.

We have designed and implemented the task—inter-
face-logging (TIL) model, which represents this knowl-
edge in a relational database (see Figure 4). The TIL
model contains specifications of tasks; their input and
output data; their composition from interface pages and
lower-level interface components; and their aggregation
into business processes (Lucas & Babaian, 2012). The
logging module captures both taskand key-press level
details of system-user interactions. The TIL model is
an integral part of the novel interface components we
are presenting here; the data it contains enable quick
reconstruction and querying of detailed histories of per-
formed tasks and processes in real time.

Task guidance and navigational support must be
provided at both the task and process levels, since users
experience significant challenges in learning the details of
an individual transaction as well as in understanding its
role within a broader business process (refer to Figure 2).
In this context, a task is a basic unit within a business
process and may require the completion of several steps
spread across several pages or screens, each of which
prompts for a number of parameter values. The order
entry task, for example, comprises at least three pages
for entering the order header, customer information, and
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The user interface should provide a mechanism for customizing the vocabulary of terms
used by the system in its communication to the user, the composition of business
transactions, and the content of the system's informational output to match the
practices of the organization. There should be a mechanism for incorporating the
customizations from an earlier version of the system to a later one.

The system should provide navigational and progress guidance to a user performing a
transaction, indicating the broader context of each interaction in terms of the related
business process components and specifying the completed and remaining parts. A
sufficiently competent user should be able to turn off this guidance if it becomes a
distraction.

When the system detects a problem, it should identify the possible causes and ways of
resolving it. If the fix is obvious, the system should inform the user and perform it. If it
isn't obvious, the possible causes and resolution scenarios should be presented to the
user and be readily executable. If the system is unable to identify resolution strategies,
it should present the user with the relevant data and transactions.

In presenting selection choices, the system should utilize what it knows about the user,
the organization, the task, and the context, and provide faster access to the more likely
choices than the less likely ones. Where the choice of data or action is obvious, the
system should have an option of not waiting for the user to enact it. The user should

have an option to replace/cancel the system's provided choice of data/action.

Figure 3. Design principles for collaborative ERP systems.

order line details. At the process level, a business process
usually consists of a set of related tasks for a specific busi-
ness or organizational goal. The order fulfillment process
involves order entry, handling, packing, and shipping
tasks. Furthermore, tasks in a business process may be
performed by different users from different business
departments at different times. The complexity of the
interfaces often imposes a great cognitive burden on
users, as they have to learn and memorize the task steps
as well as discover and understand the mostly invisible
relationships between their own tasks and the rest of the
process. To address these problems, we designed and
implemented two novel interface components for the
prototype: Automated Playback and Interactive Process
Visualization. The former component provides opera-
tional guidance at the task level, and the latter provides
navigational and progress guidance at the process level.
Both the TIL model and the components that we
present next underwent a number of revisions, following
tests of their pilot versions for performance and usability
characteristics. The laboratory user studies of the two
components are presented in the “Evaluation” section.

3.1. The ERP prototype

In our ERP prototype, Automated Playback (Babaian &
Lucas, 2012) is a type of animated tutorial that allows
a user to select a previously completed task or process
and see it replayed step by step, just as it had been exe-
cuted, in order to learn or recall how to perform it.
Interactive Process Visualization (Lucas et al., 2013) is
displayed alongside the regular task screen. It consists of

graphbased visualizations of the performed process and
the current process instance, with detailed contextual
information displayed in a separate pane. The two com-
ponents illustrate how to provide the kind of guidance
mandated by design principle DP2, while adhering to
the guidelines of DP4 (see Figure 3).

3.2. Automated Playback

The Automated Playback component provides opera-
tional guidance at the task level by allowing a user to view
the animation of a previously completed task. It is often
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Figure 4. Entity—relationship diagram of the TIL model (figure
from an earlier paper).
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Figure 5. Task instance selection screen for Automated Playback.

a memorization challenge to perform ERP tasks, since
many require that the user fills out multiple pages, each
containing fields for many parameters. For new or unfa-
miliar tasks, the user typically seeks help from colleagues
or supervisors, as the built-in help functions in most ERP
systems are often unhelpful. The Automated Playback
feature thus serves as a dynamic, online tutorial to assist
user learning and training. By watching the replayed task
execution, the user can get needed guidance regarding:

o The steps required for completing a task

o The mandatory fields on each page

o The parameter values that are expected in each field
« How to search and find values for parameters

The user can request a playback within any task page by
clicking on the Show Me button. In response, the sys-
tem presents an interface for selecting a particular task
instance to replay (Figure 5). This interface allows for fil-
tering out task instances based on the task name, the user
who performed it, a time window, or a specific business
document that the task produced (e.g., an order #35). The
left side of the task instance selection screen in Figure
5 displays a list of task instances completed within the
user-chosen time interval. The right side presents a vis-
ualization of the business process context of the selected
task instance, in accordance with design principle DP4.

The contextual information includes the tasks preced-
ing the selected one in the business process instance
(described in detail in the subsections that follow).
Upon the user submitting a selection, the system
dynamically constructs a script demonstrating the steps
performed while completing the selected task instance.
Those steps are then replayed on the interface, with
traces showing mouse movements and mouse clicks
as well as all data entry. A video demonstration of the
Automated Playback feature can be accessed at http://
cis.bentley.edu/ERP/demos/playbackdemo.avi.

3.3. Interactive process visualization

The second component visualizes task- and process-
related information using two types of graphs. A process
graph defines how a process is carried out in general
through a series of related tasks. A process instance graph
tracks the actual execution of a process by visualizing a
specific instance of that process. Important contextual
information conveyed by this visualization includes:

o Which tasks make up a process (the graph
structure)

o How tasks relate to each other (the document flow
and frequency of transitions between tasks)

o What comes next (future tasks)


http://cis.bentley.edu/ERP/demos/playbackdemo.avi
http://cis.bentley.edu/ERP/demos/playbackdemo.avi

o How a process is executed in a specific case (the
process instance)

o Who is involved in a process instance (the users)

o What has been done (the status and progress)

Figure 6(a) presents the overview of our ERP proto-
type’s user interface for this component. It contains
three panes: the left pane (task pane) is the task page, the
upper right pane displays the visualizations, and the bot-
tom-right pane (process details pane) presents detailed
information regarding the graph. Figure 6b displays a
view of only the right side. We will be using a purchasing
process example to illustrate how a process’s contextual
information is visualized.

3.4. Process graph

3.4.1. Which tasks make up a process

A business process is rendered as a connected graph
in which each node represents a task. A node is labe-
led by its task name. In Figure 6b, the purchasing pro-
cess consists of six tasks (nodes): Add Master Data,
Add Purchase Requisition, Add Purchase Order, Edit
Purchase Requisition, Edit Purchase Order, and Add
Goods Receipt. The system highlights the current task
that the user is working on, which is Add Purchase Order
in this example. Different borders are used to distinguish
between required (solid) and optional (dashed) tasks. A
yellow, rounded box represents a master data task (e.g.,
adding materials or vendors). Clicking on a task will
turn its node green and will show the task name, the
output document type, whether it is optional or not,
and the pages or screens that must be filled out in the
bottom-right process details pane.

3.4.2. How tasks relate to each other

Tasks are connected in the graph by directed links
(arrows). These links represent the document flow
between tasks. For example, the arrow from Add Purchase
Requisition to Add Purchase Order means that the out-
put document (i.e., a purchase requisition) produced by
the first task is an input document to the second task.
Additionally, a round link means that a task (e.g., Edit
Purchase Requisition and Edit Purchase Order) may be
performed repeatedly. The thickness of each link is pro-
portional to the frequency of the document flow it rep-
resents. If clicked, a link will be highlighted in green and
its detailed information (from task, to task, data flow, and
frequency) will be displayed in the process details pane.

3.4.3. What comes next

Tasks that may follow the current one can be found by
following the links from that task. Figure 6a shows that,
of the two tasks that may follow Add Purchase Order,
Add Goods Receipt is more likely to be performed next,
as the link to it from Add Purchase Order is thicker than
the link to Edit Purchase Order.
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3.5. Process instance graph

3.5.1. How a process is executed in a specific case

A process instance graph tracks process execution history
by showing all the previous task instances (represented
by nodes) related to the current task. Figure 7 displays
the process instance graph for the Add Goods Receipt
task instance after the Process Instance Graph tab on the
upper right pane has been clicked. Each node is labeled
by task name and output document number. This graph
shows that this instance of the purchasing process started
with one material (#135) being added to the system. The
material was included in the purchase requisition (#30),
which was edited to include another material (#133). A
purchase order (#26) was created and later edited three
times, with a material (#138) being added. This purchas-
ing process instance will be completed when the current
goods receipt (#34) is added to the system.

3.5.2. Whoisinvolved in a process instance

The system can retrieve user information for each task
instance. Clicking on a task instance node in the process
instance graph causes the process details pane to display
the names of the users who have worked on the task
instance and when each started and finished working on it.

3.5.3. What has been done

At the process level, a process instance graph indicates
progress information by showing all the task instances in
the execution history. Furthermore, task status and out-
put information are displayed in the Process Details win-
dow when the user clicks on any specific task instance
node. For example, in Figure 7, the status of the high-
lighted task is Completed.

3.6. Supporting infrastructure

Both the playback and visualization components are
supported by a backend infrastructure that automati-
cally logs all system-user interactions and records them
in theTIL model (Figure 4). Since this model captures
information on users, tasks, task instances, processes,
interaction events, data entered, etc., the system is able
to dynamically assemble contextual information about
processes and tasks as well as the past executions of tasks.
This is what makes the functionality demonstrated by
the two components possible.

We have developed several algorithms and database
procedures for efficient composition of the process
instance graph (Lucas & Babaian, 2012). At the time of
the completion of a task instance, the system finds the
previous task instances that produced the input doc-
uments that were used and creates and saves the links
between them. The current task instance is then added to
the representation of the process instance that includes
the currently performed task. This design speeds up
the runtime construction of process instance graphs.
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Figure 6. Interactive Process Visualization component. a ERP prototype with the Interactive Process Visualization component on the
right, b enlarged fragment of a, showing the Process Graph and process details panes of the Interactive Process Visualization

Similarly, the frequencies of task transitions are updated
each time a task interface is opened.

3.7. Evaluation

We have designed two laboratory experiments and one
expert user study as part of a summative evaluation of the
developed artifacts. Their purpose is to verify whether

the developed prototypes meet their design goals and
evaluate their usefulness and effectiveness in provid-
ing task and process support to ERP users (Gregor &
Hevner, 2013). The two laboratory experiments followed
the traditional HCI practice of user performance eval-
uation (Lam, Bertini, Isenberg, Plaisant, & Carpendale,
2012). Since the developed artifacts do not have any ana-
logs in existing practice, we did not have any control
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interfaces with which to compare Automated Playback
and Interactive Process Visualization. We focused on
user success rate in using the evaluated interfaces to
complete a set of tasks for which they were intended.
The expert user evaluation served as a point of refer-
ence for establishing if the information supplied by
the Interactive Process Visualization is available to the
users of traditional ERPs; it constitutes a type of usage
scenario study (Sedlmair, Meyer, & Munzner, 2012).
The choice of these evaluations corresponds to the
Technical Risk and Effi strategy in Venable et al’s
Framework for Evaluation in Design Science Research
(Venable, Pries-Heje, & Baskerville, 2016), in which

Table 2. Summary of participant demographics.

a considerable part of the evaluation activities must
be conducted in an artificial, laboratory environment
before moving into a more naturalistic setting. We also
conducted both formative and summative laboratory
pilot studies prior to the evaluations presented below.

The two experiments involved user studies of Automated
Playback and Interactive Process Visualization, each con-
ducted with 12 participants recruited from the graduate
student population of a business school. The expert user’s
experience includes over five years as a super-user in
charge of system configuration, diagnostics, and training
material preparation at a university. See Table 2 for demo-
graphic data.

Experiments # of participants

Average experience with enter-

# of native English speakers prise software

12 (6 males, 6 females)
12 (6 males, 6 females)
1 (female)

Automated Playback
Interactive Process Visualization
Expert user study

2 10 months
3 12 months
1 15 years
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In the two user experiments, the participants were
first shown a short video tutorial to familiarize them
with the prototype’s functionality. The tutorials utilized
ERP tasks that were different from the one used in the
experiments. Each user session in the experiments was
captured via screen capture software.

The expert user study was conducted to provide a
baseline for judging the effectiveness of our proto-
type compared to existing mainstream ERP systems. It
involved an expert SAP user performing the same task
as the one given to participants in the second experiment
but with SAP instead of our prototype.

3.7.1. Experiment 1: Evaluation of automated
playback

The main goal behind Automated Playback is to pro-
vide the user with an easy way to learn/review/recall
how to use a specific ERP task interface by viewing how
a task was performed in the past. For this evaluation,
we designed a laboratory assignment that required that
participants find and replay a specific ERP task instance
in order to successfully complete their assignment. The
participants were asked to create a sales quotation but
were given an incomplete set of parameters. This quota-
tion was similar to one previously created by a fictional
colleague from the same department. The user gave pos-
itive assessments ranging from “very helpful” to “rela-
tively helpful” The comments included “it is very helpful,
since I didn’t use this system before,” “demonstration
helped in verifying correctness of the approach,” and
“ability to go through step-by-step was useful” One user
reported “not liking” the feature, preferring to be given a
“form shown [sic] everything I need”. However, this user
responded positively to the question, “Would you use a
feature like this? If yes, under what circumstances?” by
answering “sometimes yes, only when I was not famil-
iar with the process” Other reasons known parameters
described information on the customer and the quoted
items. The six missing parameters described company
and department-specifi information; the correct values
for those parameters would be the same ones that had
been entered by the fictional colleague. These values
could only be accessed by replaying the appropriate
instance of the Add Sales Quotation task.

A secondary goal of the evaluation was to assess if the
interface provides an intuitive and easy-to-use mecha-
nism for selecting a specifi task instance. Thus, the Add
Sales Quotation instance that users needed to review was

Table 3. Correctness of the outcome of user work in the Auto-
mated Playback experiment.

Hidden parameters

Correct Incorrect

Specified parameters
Correct 5 1
Incorrect 3 3

identified only indirectly, via a combination of the task/
document name and the document number.

All 12 participants were able to access the playback
interface and correctly identify the instance of the Add
Sales Quotation task to play back, although it took some
users more than one attempt to find it. All were also able
to complete the Add Sales Quotation task upon review-
ing the prior interaction in Playback. The resulting sales
quotations were analyzed for correctness. Eight out of
12 participants had correct values for all six uniden-
tified parameters and, of those eight, five participants
had completed a perfect sales quotation. Of the other
four participants, one made mistakes only in the hidden
parameters and three had errors in both the specified
parameters and the hidden ones. The errors in speci-
fied parameters resulted from them entering material or
customer data from the colleague’s quotation and were
not due to a lack of understanding of how to complete
a sales quotation. Table 3 presents a summary of the
correctness results.

Upon completion of the assignment, participants
were asked to answer open response questions regard-
ing their opinion of the Automated Playback interface.
In answering the question on how helpful they found it,
all but one for using the system included “if I was [sic]
unclear and wanted to make sure my work was abso-
lutely correct,” “in the case I can’t figure out something,
having the process flow and demo would be very valu-
able,” and “When training new employees.” Suggestions
for improvement included adding ways to pause, control
the speed of the replay, and move back and forth within
the demonstration.

The results of this experiment suggest that the
Automated Playback feature provides users with suffi-
cient guidance for completing a task on their first try
without consulting a manual. Although 58% of partic-
ipants made at least one mistake in the entered data,
those mistakes are at least partially attributable to a
misunderstanding of or lack of attention to the goal
of the assignment. The users” assessment of the useful-
ness of the interface was overwhelmingly positive and
included some very practical suggestions for improving
the Playback feature.

3.7.2. Experiment 2: Evaluation of interactive
process visualization

The goal of our second experiment was to ascertain
if the participants could effectively use the Interactive
Process Visualization component to (1) learn about the
composition of business processes from tasks, the data
flow between the tasks, and common patterns in task
sequencing, and (2) discern the details of the execution
of a specific instance of a business process. We designed
an assignment in which the participants had to create a
purchase order and answer questions regarding the pur-
chasing process. The questions (see Table 4) concerned
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Table 4. Summary of user responses from the Interactive Process Visualization evaluation.

Incom-
Question Correct answer Information source Correct plete Incorrect
1. What is the name of the process Purchasing Process Graph 5 0 7
that includes the Add Purchase
Order task you are working on now?
2.1s the Add Purchase Order task Required Process Graph 12 0 0
required or optional in this process?
3.What are the tasks that may imme-  Add Purchase Requisition, Edit Process Graph 1 8 3
diately precede the Add Purchase Purchase Requisition, Add Master
Order task? Data
4. How many screens does the Add Two, enter header and defaultsand  Process Graph details 5 0 7
Purchase Order task consist of? enter PO line items
What are the names of those
screens?
5. What type of documents is used Purchase requisition Process Graph 2 0 10
as a basis for creating the purchase
order that you are working on?
6. Who was the first user to work on user4 Process instance details 7 0 5
that document?
7.Which user edited that document?  user7 Process instance details 10 0 2
8. On what date was that document 26-Nov Process instance details 8 0 4
completed?
9. Which users executed the Add Ma-  user2 and user6 Process instance details 7 3 2
terial Task for the materials specified
within the purchase order?
10. What is the number of the pur- PO #7 Process Instance Graph and the task 11 0 1
chase order that you are working pane header
on?
11. Which task is most likely to follow  Add Goods Receipt Process Graph details 9 0 3
the Add Purchase Order task you are
working on now?
Total 77 11 44

the purchasing process overall as well as the details of
a concrete instance. With the exception of Question
10, the questions could only be answered by reviewing
and interacting with the process and Process Instance
Graphs. All study participants were first-time users of
the prototype.

A summary of the results is presented in Table 4,
including a count of correct, incomplete, and incorrect
responses. A response was judged as incomplete if it did
not contain wrong information but did not answer the
question fully. Overall, out of 132 answers, 77 (58.3%)
were correct, 11 (8.3%) were incomplete, and 44 (33.3%)
contained an error.

Analysis of the results reveals that all but four of
the first-time users of the system were able to correctly
answer most of the questions. Questions 1 and 5 resulted
in the greatest number of incorrect responses. The errors
in Question 1 were mostly due to users conflating the
terms “task” and “process.” Question 3, which had the
highest count of incomplete answers, required users to
examine the Process Graph carefully in order to iden-
tify tasks with links to the Add Purchase Order task.
To improve readability of the graph in this respect, we
envision augmenting it with an interactive option for
highlighting the immediately preceding and following
tasks in a different color. Mistakes in Questions 4 and
5 were due, respectively, to misunderstanding what is
meant by “screens” (some users identified them as sep-
arate panes in a single screen) and by the “basis” for a
purchase order.

The correctness rate was much higher in Questions 6
through 11, all of which regard the concrete instance of

the process. This is likely due to the conceptual simplicity
of the process instance graph, which only depicts the
steps that have already been performed or are in progress
and leaves out the tasks that may follow.

3.7.3. Expert user study

To verify the usefulness of the Interactive Process
Visualizations in comparison to the standard approaches
used by mainstream ERP vendors, we gave the same
assignment and questions from the second experiment
to an expert user of SAP (see demographic information
in Table 2).

For Questions 1, 2, 3, and 11, the expert could not
pinpoint where the answers could be found within SAP
even after searching system help documentation. These
questions have to do with process structure and task
sequencing. Figuring out how many screens would be
involved for adding a purchase order (PO) (Question 4)
required exploring the interface and depended on the
user’s expertise with the system. Answers to Questions
5 and 6 regarding the purchase requisition number and
the identity of the document creator, respectively, were
found among more than a dozen fields within the PO
interface page. Answering Questions 7-9 required nav-
igating one or more steps away from the current trans-
action screen. The resulting PO number (Question 10)
showed up when the PO task was completed. In the
opinion of our expert user, many of these answers would
be beyond the reach of a novice user.

The expert user study demonstrated that first-time,
and even experienced, users of SAP would most likely be
unable to find the information required to answer many
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of the questions from Table 4. Some of the questions,
such as those on process structure and task sequencing,
can only be answered by having knowledge of the pro-
cess that comes from long and somewhat broad experi-
ence in working with SAP. Other answers can be found
within the system but are spread across multiple inter-
faces, most of which require knowing how to navigate
to them. A recent study (Lambeck et al., 2014b) revealed
that the “ability to locate desired enterprise functionality
remains a general usability problem across different lev-
els of experience” and the “availability of useful visuali-
zations improves perception of complexity” reported by
the users. Collecting and visualizing the process-related
information within a dedicated, interactive pane dis-
played alongside the task interface, as in our Interactive
Process Visualization, should improve the users’ ability
to access and learn from it.

4. Discussion and conclusion

In this paper, we have presented the design and labora-
tory evaluation of two novel interface components for
task and process guidance in ERP systems: Automated
Playback and Interactive Process Visualization. These
artifacts were developed as part of a larger research pro-
ject dedicated to improving ERP usability by design-
ing systems that act as a user’s collaborative partner.
Automated Playback works as a learning tool for users
seeking to learn or recall how to perform a specific task.
It provides a dynamically and automatically composed
demonstration of task interfaces, based on prior usage
of the system. Interactive Process Visualization offers
a means for process navigation support and guidance
by visualizing the composition of tasks into business
processes. It informs the user of the structure, usage
patterns, and important details of the business process
surrounding the current task. It is the first process visu-
alization component we know of to be integrated within
an ERP system for the purpose of supporting end users.

Both components were developed as illustrative
implementations of design principles DP2 and DP4
(Figure 3), which were formulated earlier from field
studies of ERP systems using collaboration theory as the
design guide. These components rely on the availability
of data from the TIL model (Figure 4) as a core part of
the system. The TIL model represents information on
user interface components, tasks, processes, documents,
users, and usage logs; it enables the quick reconstruction
of usage history and provides contextual information
regarding tasks and processes. The novelty of the pre-
sented approach to user support and guidance comes
from (1) including the components as an integral part
of the ERP system design and (2) using the TIL model
to dynamically compose these operational and naviga-
tional aids. The designs of the Automated Playback and
Interactive Process Visualization components are also

unique to research literature and practice, due to the
combination of features they provide.

Our laboratory experiments show that these com-
ponents meet their design goals of unobtrusively aid-
ing users in learning to perform specific tasks as well
as understanding how individual tasks fit within the
encompassing business process. The usefulness of the
Interactive Process Visualization is further demon-
strated by the expert study with a state-of-the-art com-
mercial ERP system.

4.1. Implications for theory

Our research makes contributions to the scholarship in
Design Science, the HCC paradigm, and usability. First,
the work presented here demonstrates both the process
and product of a multi-phased and multi-methodo-
logical design research project (Figure 1). The process
consists of a series of scientific activities, including field
studies, design and development of artifacts, and evalua-
tion. Within the overarching design science framework,
we have employed a number of rigorous methodologies
(qualitative interviews and observations, system devel-
opment, quantitative experiments, and user studies) to
investigate the key problem we tackle — the lack of ERP
usability. The products of this process are a set of design
artifacts, including four design principles for collabo-
rative ERP systems, the TIL model for enhanced usage
logs, and the proof-of-concept prototype with novel user
support and guidance components.

Two factors were critical to our success in applying
the design research methodology:

o Problem-driven and theory-guided design process-
es. Our research is motivated by the inadequacy of
ERP usability - a real problem facing most organi-
zational end users - and is guided by collaboration
theory. Unlike many existing usability heuristics
that focus only on specific user interface features
(e.g., Nielsen, 1993; Norman, 1983), collaboration
theory offers a holistic approach to examining the
problem and instrumenting a solution by consid-
ering the system’s overall collaborative capabilities.

o Systematically implemented and empirically eval-
uated design products. Our prototype, which was
implemented based on design principles and eval-
uated by users, provides a tangible test bed for
assessing the feasibility and potential utility of our
design innovations.

Our project is the first to apply the HCC paradigm to
the design of enterprise systems. Compared with other
design paradigms proposed in HCI (e.g., user-centered
design), it has been studied less. Our research presents
a showcase for applying the HCC paradigm for improv-
ing the usability of complex enterprise systems. The
evaluation results presented here lend evidence to the



proposition that improving the collaborative capability
of software yields greater usability.

Finally, our research offers an alternative theoretical
lens for examining the task of improving ERP usabil-
ity. As we have discovered, usability challenges expe-
rienced by ERP users can be attributed to the lack of
a collaborative relationship between the system and its
users. A greater degree of collaboration, however, cannot
be achieved by simply adjusting superfi aspects of the
system’s fac ade; it requires underlying support in the
form of data and algorithms. Providing the system with
capabilities for reasoning about its own interface compo-
nents, tasks, users, and usage history, as achieved by the
TIL data model and its associated algorithms, enables a
range of useful collaborative enhancements. Automated
Playback and Interactive Process Visualization present
two outcomes from designing for collaboration.

4.2. Implications for practice

This research contributes to the practice of ERP system
design and development. We have demonstrated two novel
interface components for providing system-generated,
dynamic user support. The playback feature addresses
many of the usability issues identified in Table 1 as well
as other negative factors associated with ERP system
usage, including:

« Difficulties with locating and accessing the required
functionality.

« Inadequate guidance concerning how to execute the
steps required for performing a business process.

o The heavy cognitive burden associated with
learning and memorizing system interfaces and
parameters.

+ The tremendous amount of stress that can result
from working with these systems.

« The high costs of user training.

o The high risk of system non-use resulting from
the lack of organizational learning and knowledge
retention.

The graph visualizations preserve organizational prac-
tices while addressing issues related to inadequate sup-
port for navigation, overly complex interfaces, and lack
of support in process execution. By guiding the user
through a process, they improve user understanding of
tasks and their relationships to each other, the document
fl between tasks, and the progression of an ongoing busi-
ness process instance. Moreover, the readily available
process instance information is useful in identifying and
resolving problems in error situations. The use of the TIL
model as a backend infrastructure demonstrates how
embedding TIL data greatly expands the potential rep-
ertoire of system functionality related to user support.
Our prototype presents a design exemplar, illustrating
how design principles DP2 and DP4 can be implemented.
Intended as generic design guidance, these principles do
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not prescribe any specific implementation. Designers,
developers, and vendors of enterprise systems may lev-
erage the TIL model, design principles, and interface
components made available by our research for use in
other systems and domains.

It is worth noting that incorporating a comprehensive
set of collaborative features into enterprise systems may
increase both the complexity of the system’s design and
the concomitant costs. However, we believe this is more
than counterbalanced by the benefits described above.
No static help manual or training document can provide
those same benefits, even if users were willing to make
use of them, which they typically are not (see Ceaparu,
Lazar, Bessiere, Robinson, & Shneiderman, 2004; Novick
& Ward, 2006).

4.3. Limitations and future work

The greatest limitation of the research presented in this
paper is that the developed novel approaches are imple-
mented within a proof-of-concept prototype that does
not in its breadth match the scope of a real ERP system.
Replicating full ERP functionality for academic research
purposes is not feasible, and embedding Automated
Playback and Interactive Process Visualization into an
existing ERP system is not possible because the TIL
model data are not being readily available in commer-
cial implementations. Thus, evaluations were conducted
with a prototype in a laboratory setting. Although pos-
sibilities for field testing the Automated Playback and
Interactive Process Visualization are limited, we are
planning on presenting these approaches to ERP users
for comments and further evaluation.

A second limitation is that the laboratory study par-
ticipants were all graduate students in the same busi-
ness school. None had prior experience with the two
interface components under study and all received the
same training on their use. Additionally, the participants
had limited experience with enterprise systems. The
homogeneity of this population in terms of education,
age ranges, and experience levels supports the internal
validity of this study, which was our main goal. These
same factors are a limitation from the perspective of
external validation, which will be addressed by the field
studies noted above.

Another limitation is that only one user participated
in the expert study. Having more expert users would
have provided for a more thorough assessment. One
reason the expert study was necessitated was because
it would not have been possible for users with limited
expertise in enterprise systems to perform the same
tasks with SAP, the commercially available ERP system
to which we have access. As our expert study showed,
answers to some of the process-related questions we
asked participants to answer were not even available to
users of SAP. A second reason for requiring an expert
study is that objects used in comparison studies should
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not differ in more than one factor so that findings can
be traced to that origin. As far as we know, our inter-
face components have no counterparts in commercially
available ERP systems, making it impossible to conduct
a comparison study with them.

In the future, we plan on continuing to fine-tune the
two interface components presented here through fur-
ther user studies and observations. We will continue to
develop artifacts illustrating possible implementations
of the design principles DP1 through DP4.
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