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Abstract

Enterprise Resource Planning (ERP) systems are large, complex
integrated software applications that often take years to
implement. This study examined a major determinant of
successful ERP  implementation, end-user  training.
Specifically, this study advances research in the area of ERP
software through examining end-user training strategies that
may impact the effective use of these complex systems. The
Sein, Bostrom, and Olfman [19] Hierarchical Knowledge-Level
model is applied in an experiment to develop more effective
ERP training strategies. The experiment was a non-equivalent
quasi-experimental  design involving two groups of
approximately 35 senior business students: one group was given
the introduction of ERP workflow concepts as an advance
organizer (TCT Group); the other received traditional,
procedurally-oriented (PT Group) ERP training over the same 5
week time period. A series of post-test measures were
administered after each training treatment, and ten days after all
treatments concluded. The study finds that a workflow
conceptual advanced organizer strategy (TCT group) improves
end-users’ mental model accuracy over time as demonstrated by
the subjects’ ability to recall ERP specific concepts. Results
indicate that a conceptual advance organizer is an important
component of ERP training and should be incorporated into an
organization’s training strategy.
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1. INTRODUCTION

Enterprise Resource Planning (ERP) systems are complex
integrated software applications that frequently take years to
implement. Unfortunately, as noted in the popular press, a
significant number of implementations fail, lacking the benefits
expected upon “go-live.” This study seeks to advance research in
the area of ERP software through examining end-user training
methods that may impact the effective use of these complex
systems. Ultimately we seek to develop training strategies that
can improve ERP system implementations.

The preponderance of training research serves as a basis for
studying the effects of end-user training in ERP usage. The
training literature has successfully examined training methods in
an effort to determine elements that may enhance training results
and subsequent performance. In 1999, Sein, Bostrom and Olfman,
introduced a training strategy framework (Figure 1). This
framework seeks to develop specific training approaches and
methods to impart specific levels of knowledge ultimately into the
end-user’s mental model. In particular, given a tool, such as an
ERP system, and a specific type of end-user, training methods can
be developed to teach the levels of knowledge required to
effectively understand and operate the tool.

As Figure 1 shows, training strategies should consider the types of
trainees and IT tools on which to be trained (inputs). The training
methods should be designed using these inputs with the goal of
achieving high levels of knowledge (training outcomes). The
general problem with IT training is that it is often focused on
skills and procedures rather than a complete strategy considering
the trainees and tools, and maximizing the levels of knowledge
acquired by training [19]. This training strategy framework
(Figure 1) seeks to offer a re-conceptualization of training as a
means to offer a specific range of knowledge-levels, as
summarized in Table 1, to maximize learning outcomes.



This study applies the training strategy framework to ERP
training with the hope of improving training outcomes.[25].
Commercially available end-user training provided by the ERP
vendors is typically classroom based; designed for a general
audience; and focused on the interface, procedures to complete
transactions, and sometimes tasks required to complete a business
process (i.e., procurement) [25]. In terms of the knowledge-level

outcomes (Table 1), typical ERP training focuses on a small
portion of potential knowledge-levels (training outcomes),
specifically: the syntax and semantics of the command-based
knowledge-level; the combination of commands to complete tasks
in the tool-procedural knowledge-level; and sometimes the
application of tools to a given business process in the business-
procedural level [14, 19, 25].
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Figure 1. Training strategy framework [19].

Table 1. Knowledge-Level Outcomes for Training (Adapted from Sein, Bostrom, and Olfman [19])

Knowledge Level

Focus

ERP System Focus

Command Based

Syntax and semantics

Learning the nuances of the system
interface

Tool Procedural
tasks

Combining commands to complete

Learning the steps to enter and
recall transaction data

Business Procedural
task

Application of tool procedures to a

Learning to complete an entire
business process (i.e.,
procurement)

Tool Conceptual
the tool

The big picture of what to do with

Understanding workflow of the
whole process and the
organizational impacts

Business Motivational

Reason to use

Business purpose of the system
(i.e., integration, competitive
necessity)

Meta-Cognition

Learning to learn

Continuous learning cycle- ways
to approach learning the system

This study leveraged Sein, Bostrom and Olfman’s [19] training
strategy framework to evaluate the end-user impact of existing
ERP training methods versus a new training strategy that
encompasses a broader range of knowledge-levels. As shown in
Figure 2, this study provided one group of subjects with
traditional ERP training covering the first three knowledge-levels
(command-based, tool procedural, and business procedural), and
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the other group with a new training method that expanded the
knowledge-levels to include tool conceptual training.

The specific research question surrounding end-users’ learning of
ERP software was investigated as follows:

Would end-users who received a tool conceptual advance
organizer, as part of their ERP training, develop more accurate



mental models over time when compared to those who received
traditional ERP training?

Inputs

ERP (JD Edwards) >

In the following sections, the major constructs, their impacts and
respective hypotheses related to the ERP study are discussed
further.
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Figure 2. ERP training strategy for this study (adapted from Sein, Bostrom, and Olfman [19])

2. RESEARCH FRAMEWORK AND
CONSTRUCTS

There is a preponderance of research surrounding end-user
training and learning outcomes. The training and learning
literature has examined many facets surrounding mental models,
end-user knowledge and training strategies in an effort to
determine elements that may enhance training results. This
section examines mental models, the variables associated with
Figure 1 (training strategy), and their applicability to the study at
hand.

2.1 Mental Models

The concept of mental models has been a point of research within
the field of cognitive psychology for many decades [11]. As a
construct, mental models are a central element to this study
because it examines how mental representations derived from
end-users’ application and domain knowledge, and training
methods influence the successful use of an ERP system.

2.1.1 Mental Model Definition

A definition of mental models developed by Wilson and
Rutherford [26] incorporates research from many fields of study
and provides a good overall definition of mental models:

A mental model is a representation formed by a user
of a system and/or task, based on previous experience
as well as current observation, which provides most
(if not all) of their subsequent system understanding
and consequently dictates the level of task
performance (p. 619).

An accurate mental model of the target system is an important
component to any training research because it is the desired
outcome of training [23]. Studies have found that end-users with
accurate mental models, as measured by pre and post mental
model transfer affect measures, do better quality work [4, 10],
take less time to perform tasks [5, 16, 20], and produce a smaller
variety of error types [1, 16]. Therefore, the study of the
development of accurate mental models is important to this ERP

training study because, as research suggests, end-user
performance can be improved [5, 20]. Furthermore, the
understanding of how appropriate ERP training strategies are
linked to mental model accuracy can lead to improved
implementations.

2.2 Training Strategies and Mental Models

As stated earlier in the definition of mental models, system
understanding and prior knowledge are important elements that
influence the formation of mental models [26]. Researchers have
sought to determine effective training strategies to convey
appropriate content, resulting in accurate mental models [15]. Of
particular interest to this study is the effectiveness of traditional
ERP procedural training in conveying system understanding and
knowledge, as it is the most common ERP training technique. In
terms of the training strategy framework, typical vendor-supplied
ERP training focuses on three knowledge-levels: command-based,
tool procedural, and business procedural. Procedural training is
focused on carrying out tasks, the content often being a sequence
of action steps [2]. By introducing procedural training to end-
users, they may internalize the “how to” steps, creating a
collection of rules in their mental model from which to draw upon
[2, 12, 15, 17]. The end-user is left to abstract the conceptual
understanding of the broader system from the procedures given
[2]. However, given the complex, integrated nature of ERP
systems, this method of training may be inappropriate. This study
proposes that another training method, one that conveys more
knowledge-levels, such as the addition of conceptual content, may
be more suitable for ERP. As previously discussed, end-user
understanding of the greater ERP system may provide for a more
accurate mental model of the system as a whole, leading to more
effective system usage.

Unlike an end-user mental model, a conceptual model is an
external representation of a system. Norman [13] describes a
conceptual model as a consistent and complete representation of a
system to facilitate understanding or teaching. Training is the
mechanism by which external representations (conceptual
models) are introduced to end-users [13]. By introducing a
conceptual model to end-users through training, they may
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internalize the conceptual models into their mental model,
therefore updating and filling in experience and understanding
gaps [6, 11, 13, 17, 18, 23]. Conceptual training uses
metaphorical techniques to convey the workings of a system. This
may take the form of describing the overall structure and
integrated workflow of the system and instructing end-users on a
new system by drawing analogies in terms of a system they are
already familiar with (i.e., database software). In terms of the
training strategy framework, this approach would increase the
knowledge-levels of ERP training to add a tool conceptual
component.

A competing theory suggests that procedural training and
conceptual training lead to similar outcomes and that the learning
styles of the subjects are often the stronger determinant of success
[5, 15]. However, the existing research focuses on narrow
applications, such as library database searches [5], e-mail [17],
graphical interfaces [15], and database [22]. ERP systems contain
elements of all the aforementioned applications and require
business domain knowledge. The complex nature of ERP systems
may be more suited to a training technique that draws upon
elements of end-user’s existing knowledge, rather than one that
potentially requires the learning of hundreds of specific
procedures and tasks. Therefore, those end-users exposed to the
additional tool conceptual ERP training are expected to have more
accurate mental models surrounding an ERP system than those
receiving traditional procedural training.

An understanding of the relationship between training strategies
and the development of accurate mental models is relevant to the
investigation of factors that influence the use of ERP systems.
Understanding training strategies and how they may impact the
accuracy of mental models can lead to improved ERP training
outcomes. Based on the literature, this study proposes that end-
users receiving training in four knowledge-levels (command
based, tool procedural, business procedural, tool conceptual
training) are expected to have more accurate mental models over
time when compared with those receiving training in three
knowledge-levels (command based, tool procedural, business
procedural).

3. METHOD
3.1 Research Design

A laboratory experiment using a nonequivalent quasi-
experimental design was used in this study (see Figure 3). Two
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training treatment groups (procedural (PT) vs. tool conceptual
(TCT)), one in each of two undergraduate classes, were used. A
quasi-experimental design was chosen for the current study
because it was not possible to randomly assign subjects to
treatment groups. However, it was expected that subjects assigned
to different treatment groups would be comparable because: 1)
there is no reason to believe that subjects from various classrooms
will differ on application knowledge, and 2) the treatments were
randomly assigned to the classrooms [21].

Thus, one classroom of subjects was randomly assigned as a
procedural treatment group (X; — PT), and the other to the tool
conceptual treatment group (Y;- TCT). Training took place over a
four-week period of eight class sessions. Each subject’s mental
model was assessed using a pre-test (O,,;) gathered prior to the
experimental manipulation (training treatments). Immediately
following each experimental treatment, the dependent variable
(end-user mental model) was measured (O,,,-Op5). Ten days after
all treatments were completed, a final measurement of the
dependent variable (end-user mental model) occurred (Opy).

As noted above, the independent variable, the experimental
manipulation of training, had two levels (procedural training and
tool conceptual training). The dependent variable (end-user
mental model) was a continuous measure.

3.2 Hypotheses
3.2.1 Proposition

End-users receiving training in four knowledge-levels
(command based, tool procedural, business procedural, tool
conceptual training) are expected to have more accurate
mental models over time when compared with those receiving
training in three knowledge-levels (command based, tool
procedural, business procedural).

H1: The mean scores on the mental model post-tests starting
in session 2 (Op3, O, Os) Will be higher for end-users
who received TCT than those who received PT.

H2: The mean scores on the mental model test after all
treatments (Ope) will be higher for end-users who

received TCT than those who received PT.



taken at different times)

S, = Session

Procedural Training (X)) Treatment
X, = Command Based Training

X, = Tool Procedural Training

X, = Business Procedural Training

Tool Conceptual Training (Y,) Treatment

Y, = Tool Conceptual Training (workflow concept)
Y, = Tool Procedural Training

Y, = Business Procedural Training

Week 1 Week 2 Week 3 Week 4
Before | s, s, s, s, s, | S, s, S, After
0, X, O, X, 0, X5 0,4 X, oo Ops O.6
O, X, O, Y,0.5 | Yo0us Y,0,., |Y,- Opst O.6
where

O, = Mental model assessments (measures , & , are the same test

X, = Tool/Business Procedural (complete workflow: S, - S)

Y,= Tool/Business Procedural (complete workflow: S, - S;)

Figure 3. Research design.

3.3 Subjects

A total of 77 subjects participated in this study. The subjects were
senior undergraduate business students from a state university.
Data was gathered during two separate class sections of a senior-
level information management course; each class section
receiving different treatments (PT and TCT). Subjects were
advised of the research prior to its beginning. They were
identified for the purpose of grading, but their responses for the
study were not associated with identifying information. Subjects
were also advised of course section differences and not to work
with others. During treatments the subjects were allowed to take
notes, but not to share them nor use them during mental model
measurements (Op-Ope). All subjects signed an “honor code”
that stated the above controls.

3.4 Procedure

The study involved training students on an ERP application (J.D.
Edwards® OneWorld® demo version). The training was included
as part of the class syllabus. The key difference was that one
course section (the TCT group) was treated with a tool conceptual
advance organizer about the system; the other section (the PT
group) was not. The PT group received training as if they had
gone to a commercially available ERP training center. The TCT
group also included similar procedural training, with the addition
of a tool conceptual advanced organizer. Both groups were treated
with five weeks of training, and an equalizing session was
conducted at the end. The training sessions and content are
summarized in Table 2.

Table 2. Summary of Treatment Content and Hours for PT and TCT groups

PT (X)) TCT (Y)
Treatment Hours/Classes Treatment Hours/Classes
Command-Based [Intro to OneWorld; 2/1 Intro to OneWorld; 2/1
navigation navigation
Tool Conceptual System integration and 2/1

workflow concepts

Tool Procedural [Data entry; choosing 2/1 Data entry; choosing 2/1
records; creating records records; creating
records;
"Integration/Data Entry
relations”
Business (Advanced record 2/1 Advanced record 2/1
Procedural location; reports; work location; reports; work
with customer records with customer records;
"workflow"
Tool/Business Procure to pay: A/P, 10/5 Procure to pay: A/P, 8/4
Procedural distribution, inventory distribution, inventory;

"Workflow references"




Both treatment groups (PT and TCT) were only permitted to ask
questions related to the ERP interface and the specific procedures.
Treatments occurred immediately prior to the administration of
the mental model measures (with the exception of Oy) so as to
avoid time-lapse effects.

Following each treatment, a teach-back short answer test was
given to assess the accuracy of a subject’s mental model.

Both course sections were taught by the same trainer, over the
same five week period. The trainer, who was one of the authors,
was experienced with the target software and ERP application
training. To reduce the risk of experimenter expectancy, the
training sessions were scripted to mimic content found in
commercially available training. As stated earlier, the trainer also
limited the responses to questions directly related to the material.

J.D. Edwards OneWorld demo version is commonly used by
software vendors for training purposes. This version is a fully
functional ERP system including demo data consisting of a
bicycle manufacturing operation. The demo data was refreshed

after each class to reduce cross-contamination between course
sections and to ensure a consistent software environment.

3.5 Measures
The measures and variables are summarized in Table 3.

3.5.1 Control Variables and Measures

Preliminary Quiz: The purpose of the preliminary quiz was to
provide a mental model equivalency test of the treatment groups
(Om1). The measure was developed by the author following
question formats similar to those used in previous studies (e.g.,
Shayo [21]).

3.5.1.1 Dependent Variables and Measures

Mental model was assessed using a “teach-back” short answer
quiz. With the “teach-back” instruments (Op-Op), participants
were asked four questions to explain operations and concepts
surrounding the target software (ERP) as if they were teaching it
to someone who had not worked with the system before.

Table 3. Variables and Measures

Variable Type Variable Measures of Measurement Method Scoring
Name Variable

Dependent Variable:
End-user Mental model Teach-back quiz. Teach Back:
Mental Model |accuracy score range 4

to 28

Independent Variable:

Training Treatment of Non-equivalent groups

traditional ERP were treated with either
procedural training PT or TCT
OR ERP training with

a tool conceptual
advance organizer

Content analysis similar to that of Shayo and Olfman [22] was
used to code participants’ answers to determine the extent of their
mental model development surrounding the ERP. Inter-rater
reliability was assessed by two independent raters (the
experimenter and a faculty member familiar with ERP systems)
using a predetermined scoring criterion. Sampling 15% of the
total of each instrument (Oy; to Opg), the level of agreement
between the raters was: 90% for O, 93% for Oy, 93% for O3,
95% for Opsa, 93% for Oy, 97% for Ons/sp, and 96% for Oy,
Disagreements between raters were resolved by: 1) the first rater
(trainer) reviewing the subject response; and 2) re-scoring or
confirming the original score. Maximum possible score for a
teach-back instrument was 28 (7 points for each response) and the
minimum 4 (1 point for each response).

3.5.1.2 Independent Variables and Measures

Training was conducted for the PT and TCT groups via a
combination of instructor-led lecture (using Microsoft®
PowerPoint®) and hands-on exercises. The treatments for both
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groups started with the same command-based overview of the
user interface (X,). As described below, the two groups received
different treatments.

PT group sessions S, and S; consisted of tool-procedural (X,) and
business procedural (X3) treatments (see Figure 3). The tool
procedural treatment (X,) featured procedural steps for the data
entry and recall of address book records. These techniques
included query-by-example (QBE) record lookup and proper steps
for entering information. The business procedural (X3) treatment
featured procedural steps for locating report data and expansion of
address book information required for other modules. The final
treatment (X,) was built over five sessions (S4-Sg). This treatment
covered the procedures and tasks required to complete an entire
procurement of inventory items including: supplier address book,
purchase order details, receiving, and voucher payment.

TCT group session S, consisted of a tool conceptual advanced
organizer (Y). Topics included business process workflow (using
a procurement example) and ERP system integration. Sessions S3



and S, consisted of tool-procedural (Y,) and business procedural
(Y;) treatments similar to PT group sessions X, and X;. However,
the TCT Y, and Y; sessions drew upon analogies to other
database products (MS Access) to facilitate understanding of the
QBE procedures. The final treatment (Y,) was built over the four
remaining sessions (Ss-Sg).  Similar to the PT group, this
treatment covered the procedures and tasks required to complete
an entire procurement process. TCT group treatments also
included examples relating back to the tool conceptual advance
organizer (Y)).

3.6 Data Analyses
All analyses were conducted using SPSS v11 using an alpha level
of .05 (p<.05).

For the hypotheses, one-way ANCOVA’s were run to determine
mean score differences between the TCT and PT groups, using
O,,; as a covariate.

4. RESULTS

4.1 Overview of the Analyses

Correlations were used as a preliminary analysis to investigate the
relations between mental model measures and training groups. To
reduce the number of analyses to be conducted, only those
measures of the dependent variable (mental model measures) that
are significantly related to the independent variable (training
groups) were included in subsequent analyses.

The results presented follow the general order of the hypotheses.
All analyses used ANCOVA designs where the covariate was a
preliminary measure of a subject’s mental model (O,;). The
sample size (N) for each treatment sample is also given as subject
population varied slightly between treatments.
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All data were screened to identify univariate outliers. One outlier
(more than 3 standard deviations from the mean) was
winsorized"? to the closest score within the normal range (from 16
to 15). Reliability analyses for each of the teach-back measures
were: Oy, = 0.69, Oy = 0.71, O3 = 0.84, Ops, = 0.76, Oy =
0.78, Omsp = 0.71, Ope = 0.82.

The means, standard deviations and significance for all variables
are presented in Table 4. Table 5 shows correlations used to
determine those measures that were significantly related to the
independent variables (PT and TCT group) or the covariate (Oy,;).

4.1.1 Preliminary Analyses

Prior to all analyses, data were screened to meet homogeneity of
variance requirements for ANCOVA [24]. The overall analysis
procedures are summarized in Table 6. Results are summarized in
Table 7.

4.1.1.1 Hypothesis 1 (HI)

A one-way ANCOVA was used with PT and TCT groups as the
independent variables, mental model measures (O,,; and O,) as
the dependent variables, and O, as the covariate. Analyses were
run using only O3 and O,y as they showed significant
correlations (see Table 5).

Ops: The first ANCOVA was performed to determine significant
differences between PT (N = 31) and TCT (N = 44) groups using
Oz (teach-back) as the dependent variable and O, as the
covariate (F, 7, =27.56, p =.000).

5 Winsorizing data is an established statistical technique that
involves resetting extreme observations to less extreme values,
usually a selected percentile at both tails[9].



Table 4. Means, Standard Deviations and Significance for Subject Groups

PT Group TCT Group Whole Sample
(N=32) (N=45) (N=T7)
Mean SD Mean SD Mean SD
Teach-Back Scores
Omi 7.09 3.11 6.35 2.46 6.66 2.75
Oma 8.94 2.83 8.16 232 8.48 2.55
(O 12.87 3.16 14.86 4.63 14.04 4.18
Ommsa 11.64 3.30 11.64 3.30
O 12.69 3.11 15.68 4.39 14.42 4.15
Omsb 20.00 3.61 20.49 4.73 20.29 428
Ome 17.50 4.44 20.07 6.09 18.99 5.57

Note:

Bold denotes p < .05; italic bold denotes p < .01.
This analysis revealed a significant difference between the PT and
TCT groups (Fy 7, =9.73, p = .003, effect size (eta square) =.119,
observed power .868). Resulting mean score differences showed
the TCT group (mean = 14.86, adjusted mean = 15.11) had higher
mean scores than the PT group (mean = 12.87, adjusted mean =
12.52). With this mental model observation (O,,3), the hypothesis
is confirmed.
Table 5. Significant Correlations: Mental Model Measures

and Independent Variables Onms: An ANCOVA was performed to determine significant

differences between PT (N = 32) and TCT (N = 44) groups using
On4 (teach-back) as the dependent variable and O, as the
covariate (F; 73 = 8.70, p = .004). This analysis revealed a
significant difference between the PT and TCT groups (F,7;; =
O, 14.61, p = .000, effect size (eta square) = .167, observed power

.965). The results indicate that the TCT group (mean = 15.68,
Om adjusted mean = 15.82) had higher mean scores than the PT group
Ous 0.24 (mean = 12.69, adjusted mean = 12.49). With O, the hypothesis
is also confirmed.

Group®

Teach-Back Scores

Om5a
Ops 0.36 4.1.1.2 Hypothesis 2 (H2) .
Ome_: A one-way ANCOVA was used with PT (N = 32) and TCT
Oumsp (N = 44) groups as the independent variable, mental model
Ope 0.23 measure O, teach-back (r = .23) as the dependent variable, and
Oy as the covariate (Fy 73 =27.17, p =.000).
Note:
Italic bold denotes p <
.01.
Table 6. Hypotheses Analyses
Main Effect Hypothesis Variables Analysis

1.The mean scores on the mental model post{ IV: Groups (TCT, PT); DV: One-way ANCOVA with O as|
tests starting in session 2 (Op3, Omg, Ops)Mental Model measures (O3, Ong,| the covariate
will be higher for end-users who receivedO,,s)
TCT than those who received PT.
2.The mean scores on the mental model testf IV: Groups (TCT, PT); DV: One-way ANCOVA with O as
after all treatments (O,,) will be higher fonMental Model measure (Oy,¢) the covariate
end-users who received TCT than those who|
received PT.
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Table 7. Hypothesis Results

Hvpothesis Instrument F df P eta power Reject/Confirm
1. Oms 9.73 1,72 0.00 0.12 0.87 Confirm
O,,; Covariate 27.56 1,72 0.00 0.27 0.99
Onma 1461 1,73 0.00 0.17 0.97 Confirm
O,,; Covariate 870 1,73 0.00 011 0383
2. Ong Teach-back 9.71 1,73 0.00 0.12 0.87  Confirm
O,,; Covariate 27.17 1,73 0.00 0.27 0.99

This analysis revealed a significant difference between the PT and
TCT groups (F; 73=9.71, p = .003, effect size (eta square) = .117,
observed power .868). Resulting mean score differences, with O,
as the covariate showed the TCT group (mean = 20.07, adjusted
mean = 20.43) had higher mean scores than the PT group (mean =
17.50, adjusted mean = 17). For O, the hypothesis is confirmed;
the TCT group showed a significantly higher score after all
training tasks than the PT group.

S. DISCUSSION

The study proposed that end-users receiving training in four
knowledge-levels (command based, tool procedural, business
procedural, tool conceptual training) are expected to have more
accurate mental models over time when compared with those
receiving training in three knowledge-levels (command based,
tool procedural, business procedural).

Most subjects came into the study with little knowledge of ERP
software. Scores on the Oy, pretest averaged around 30 percent.
By the end of the ERP training session, scores on Oy, averaged
around 70 percent.

Overall mental model scores increased for both training groups
(PT and TCT). Significant differences were found with most of
the instruments. Specifically, in support of Hypothesis 1, O,; and
O4 measures reveal that subjects in the TCT group demonstrated
a significantly more accurate mental model than subjects in the
PT group. In support of hypothesis 2, O, revealed similarly
significant results.

The teach-back measures attempt to model real-world training
expectations. Specifically, when companies train their staff for an
ERP implementation, it is costly and unfeasible to send everyone.
Rather, companies typically send a select group of individuals to
training with the expectation that they will train others when they
return [7]. The teach-back method focuses on subjects’ ability to
recall information from their mental model and communicate it in
their own words (e.g., Oy, question 2 “How would you describe
the workings of ERP (i.e. J.D. Edwards OneWorld) to her/him?”).
Therefore, assessing subjects’ ability to recall and communicate
information they have learned is an important trait, as the subjects
will make use of it when they are expected to train others. Any
training method that leverages this skill is important for
improving ERP training strategies.

With respect to hypotheses 1 and 2, TCT subjects showed
significantly higher levels of mental model accuracy. In other
words, end-users are able to describe system concepts more
effectively having had the TCT training; the only exception being
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the O/, teach-back measure. O,,s5, Was taken four sessions
after Oy, for the TCT group and five sessions after O, for the PT
group (approximately two weeks). The time taken to train and the
quantity of material presented appear to have equalized the
groups’ mental model accuracy with the teach-back (recall)
measure. However, ten days after the Opss, measure, and no
further training, O, re-confirmed the previous significant
findings of O,,; and O,y4.

One explanation for the difference between the Opss, and Oy
results could be the complexity of the questions. Business
procurement operations were the focus throughout the sessions
leading up to Oy,s/5. Questions in measure Oy,s/5, focused on the
procurement process that had been learned over two weeks.
However, in O, the measure asked questions related to the sales
process. The objective of the O, sales process questions was to
test the strength of the subjects’ learning as the sales process is a
change in perspective (you are selling, versus buying) rather than
a change in process. The O, measure reveals that subjects in the
TCT group had significantly higher mental model scores than the
PT group. In other words, the TCT group appeared to have a
deeper understanding than the PT group. Therefore, both groups
were able to assimilate learning into their mental models over
time as shown by Opssp, , however the type of training may
impact the depth of that learning.

This result is consistent with mental model research involving
computer applications [8]. Santhanam and Sein [17] use
assimilation theory to describe mental model formation through
the induction of new schema or knowledge structures.
Specifically, assimilation theory describes learning in terms of
three steps: 1) reception; 2) availability; and 3) activation [3].
Reception refers to a subject’s willingness to learn and attend to
the teachings. The availability step refers to the subject’s existing
knowledge or concepts that can be used to aid in the assimilation
of information. Lastly, the activation step refers to the subject’s
ability to make connections between the new information and
existing knowledge. Assimilation theory research suggests that in
cases where pre-existing knowledge is unavailable within the
subject’s mental model, the introduction of conceptual
information as an advance organizer can improve learning results
[3, 8, 17]. In this study, as demonstrated by the subject’s low
scores on the initial mental model measure (O,,;), it is evident that
they did not have strong pre-existing ERP knowledge available to
them to aid in the assimilation process. The TCT group was
explicitly taught ERP conceptual models whereas the PT group
had to construct their own based on their minimal pre-existing
understanding of ERP. It seems reasonable that the conceptual
models that were taught to the TCT group improved the



assimilation learning process by providing accurate information to
be integrated into the subjects’ mental models. The depth of
learning for the TCT group was also improved as evidenced when
the degree of far-transfer difficulty was increased in O, The
TCT group was able to draw upon their integrated mental models
more effectively than the PT group.

6. CONCLUSION

6.1 Implications for ERP Training Strategies
This study was based on the Sein, Bostrom, and Olfman [19]
training strategy framework. In general, the study supported the
framework and found that by adding a tool conceptual
knowledge-level to the training the end-users developed more
accurate mental models. Specifically, it was found that conceptual
training improves the end-user’s ability to recall and articulate
ERP concepts. By using the knowledge-level framework and
incorporating tool conceptual knowledge into an organization’s
training design, organizations may see an improvement in overall
ERP implementation results. For example, because ERP training
is very expensive, those within an organization that attend ERP
training are often asked to train others in the organization when
they return. This study shows that adding a tool conceptual
knowledge-level to their training improves their ability to recall
and re-articulate their understanding of the system. By building
the knowledge-levels that enable more effective understanding
and communication of concepts learned could be an invaluable
asset to any company’s training and implementation strategy.

Time also plays a role in the success of ERP training strategies. In
this study the training results became stronger as time progressed.
Even ten days after no training was given, end-users who received
conceptual training continued to evolve their mental models. This
is not to say that lack of system use improves training, rather one
could speculate that given time and practice after training, end-
users can solidify their learning. This is often forgotten in the
push to implement an ERP system. ERP, like other systems,
requires time and practice to master.

6.2 Limitations

6.2.1 Internal Validity

In general, the internal validity of this study is strong. The study
had extremely low levels of mortality (2 subjects) and did not
appear to suffer from maturation or instrumentation difficulties.

One threat to internal validity was experimenter expectancy. One
of the authors was also the trainer, thereby having the power to
influence results. To mitigate this risk, the training sessions were
scripted based on actual training materials used in commercial
training. The “trainer” only varied from the scripts to answer
subject questions. Only questions directly related to the target
system procedures were answered.

6.2.2 External Validity

To improve external validity, the study was designed to replicate
real world ERP training. Presentations, documentation and the
actual ERP system were similar to those found in commercially
available classes. The main threats to external validity are the
timing, pace, and context of the training sessions.
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In real world ERP training, end-users often travel to the training
center and receive all their training over a short period of time.
For example, a procurement class might be five straight days,
eight hours per day. The training in the study occurred over five
weeks, with two-hour sessions each time.

To mitigate this particular threat, the instructor attempted to
mimic the proportion of hands-on and lecture time that the
subjects would experience in typical training. After class practice
sessions were limited so as to not allow subjects a
disproportionate amount of practice time.

Another threat to external validity is the subject pool. This study
was incorporated into a university course curriculum. The
subjects are not necessarily representative of a true ERP training
session. Specifically, the subjects had limited business experience
and different motivations to participate than one may find in
commercially available ERP training.

6.3 Directions for Future Research

This study provides some interesting insights into the difficult
task of training end-users on complex applications. Future
research should include an evaluation of hands-on learning. In
this study the subjects were given a proportional amount of
hands-on practice with the system, similar to what they would
have in a commercially available ERP class. However, while the
measures sought to assess their mental model accuracy, no
attempts were made to evaluate the subject’s ability to perform
the tasks.

Prior research suggests that mental model accuracy leads to better
performance as measured by time and errors [5, 16, 20].
Exploring hands-on results could provide some interesting
findings pertaining to the accuracy of the mental models and
training strategies. Specifically, this could enable evaluation of
the appropriateness of prior hands-on performance research in
different types of applications (Windows, database) and
determine if those results are compatible with the complex ERP
environment.

Overall this study provides a strong case for ERP vendors,
implementers, and trainers to provide ERP conceptual training
prior to the typical procedural training. A conceptual advance
organizer provides a platform to develop further ERP
understanding. Adapting conceptual models into ERP training
strategies could improve the propagation of training and
ultimately save an organization time and money.
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