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ABSTRACT

What if a researcher obtains empirical data by asking questions to gauge the effect of an e-collaboration
technology on task performance, but does not obtain data on the extent to which the e-collaboration tech-
nology is used? This characterizes what is referred to here as a scenario with one group and one condition,
where the researcher is essentially left with only one column of data to be analyzed. When this happens, often
researchers do not know how to analyze the data, or analyze the data making incorrect assumptions and using
unsuitable techniques. Some of WarpPLS's features make it particularly useful in this type of scenario, such
as its support for small samples and the use of data that does not meet parametric assumptions. The main
goal of this paper is to help e-collaboration researchers use WarpPLS to analyze data in this type of scenario,
where only one group and one condition are available. Two other scenarios are also discussed — a typical
scenario, and a scenario with one group and two before-after technology introduction conditions. While the
focus here is on e-collaboration, the recommendations apply to many other fields.

Keywords:  Action Research, Electronic Collaboration, Field Research, Multivariate Statistics, Partial
Least Squares, Structural Equation Modeling, WarpPLS
INTRODUCTION researcher gains access to the participants by

Occasionally aresearcher will obtain empirical
data by asking questions that attempt to gauge
the effect of an e-collaboration technology on
task performance. However, the researcher
will not obtain data on the extent to which the
e-collaboration technology is used.

While this scenario may look like the
result of bad research design, it is a relatively
common scenario in investigations where the
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offering a service to them, as is frequently the
case in action research investigations (Kock,
2005; 2010b).

When this happens, frequently the research-
er does not know how to analyze the data, or
analyzes the data using unsuitable techniques.
Some of WarpPLS’s features make it particu-
larly useful in this type of scenario, such as its
support for small samples and the use of data
that does not meet parametric assumptions.
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The main goal of this paper is to help
e-collaboration researchers use WarpPLS to
analyze data in this type of scenario, where only
one group and one condition are available. Two
other scenarios are also discussed. These two
scenarios are discussed to set the stage for the
discussion of the one group and one condition
scenario.

The first is a typical e-collaboration study
scenario in which the researcher measures the
degree to which the e-collaboration technol-
ogy is used, or the degree to which specific
features of the e-collaboration technology are
used, as well as team performance and/or
related variables expected to be influenced by
e-collaboration technology use. This is a cross-
sectional data collection scenario, and is one of
the most common scenarios in e-collaboration
research.

In the second scenario the researcher does
nothave data on the extent to which the e-collab-
oration technology is used, but has data related
to team performance and/or other variables
expected to be influenced by e-collaboration
technology use before and after the technol-
ogy is introduced. This is a longitudinal data
collection scenario, and is a relatively common
scenario in e-collaboration research.

The focus of this paperis on e-collaboration
research, but the techniques discussed apply to
a wide variety of fields. In fact, they arguably
apply to any field in which attitudinal and/or
behavioral responses are studied in connection
with change, where change may result from the
use of a new technology, from the introduction
of a new management technique, from the use
ofanew drug for treatment of a disease, or even
from a change in weather.

A TYPICAL E-COLLABORATION
STUDY SCENARIO

Let us assume that a researcher introduced an
e-collaboration technology into an organiza-
tion with the goal of facilitating the work of

business process improvement teams (Kock,
2005). These are teams that carry out business
process redesign projects —they select, analyze
and redesign business processes (Kock, 2006).

All teams studied by the researcher use
the e-collaboration technology. No controls
on how much the teams use the technology
are applied by the researcher, characterizing
the investigation as a field study with quasi-
experimental elements (Shadish et al., 2002).
Theresearcheris interested in the possible effect
that the use of the e-collaboration technology
has on team performance measures, such as
the return on investment of a business process
redesign project.

Inthis scenario, the researcher can measure
the degree to which the e-collaboration tech-
nology is used, or the degree to which specific
features of the e-collaboration technology are
used. Either way, the researcher will have one
or more variables for which there will be dif-
ferent values for different teams. These values
will reflect different degrees of use of the
e-collaboration technology as a whole, or of
specific features of the technology.

Theresearcher cannext collect team perfor-
mance measures and build one or more models
to be analyzed with WarpPLS (Kock, 2010;
2011; 2011b). A simple model would have two
latent variables, one measuring e-collaboration
technology use and the other measuring team
performance, with e-collaboration technology
use pointing at team performance.

Figure 1 shows an example dataset with
data collected from 20 business process im-
provement teams. “ECU” measures the de-
gree to which a team used an e-collaboration
technology, on an 11-point scale from 0 to 10.
“Perf” measures each team’s performance in
the business process improvement task, also
on an 11-point scale from 0 to 10.

Figure 2 shows a simple two-variable
model, with results, implemented with Warp-
PLS using a linear analysis algorithm. In this
model “ECU” is the predictor and “Perf” the
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Figure 1. Example dataset for typical scenario

A B

1 |ECU perf
2 |3 0
3 6
4 1 4
< 2
6 (10 10
7 |0 0
8 10 10
9 4 2
10 6 9
11 8 4
12 |2 4
13 (3 2
14 |4 4
15 (8 =
16 |8 6
17 |3 3
18 (1 2
19 |7 10
20 (10 6
21 |4 4
Notes:

ECU = the degree to which the team used the e-collaboration technology
Perf = the team’s performance in the business process improvement task

criterion. For simplicity, each latent variable is Based ontheseresults, we can conclude that
measured through a single indicator, and thus the use of the e-collaboration technology was
is not a “true” latent variable. Each indicator  significantly and positively associated with the
refers to the single corresponding column in  performance of business process improvement
the dataset. teams (=0.74,P<.01). This significant associa-

Figure 2. Example WarpPLS model with results for typical scenario

ECU p=0.74
(R)1i (P<.01)

R’=0.55

Notes:
ECU = the degree to which the team used the e-collaboration technology
Perf = the team’s performance in the business process improvement task
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tion is a reflection of the fact that the variables
“ECU” and “Perf” vary in concert with one
another; i.e., these two variables are strongly
and positively correlated. Since the model has
only two variables, and alinear analysis is being
conducted, the path coefficient for the associa-
tion equals the correlation coefficient between
the variables. That is: f}=R=0.74, P<.01.

A good way of reporting the results of a
typical scenario such as this, especially when
only two variables are present, is to show a plot
with the variables for “ECU” and “Perf”, with
an indication of the strength of the association
and the level of statistical significance at the
bottom of the plot. This is illustrated through
Figure 3.

The plot shown has been directly gener-
ated by WarpPLS, copied, cropped with Paint
(a picture editor made available by Microsoft
with Windows), and pasted into this paper.
WarpPLS also allows users to save plots as
JPEG files (extension “.jpg”) and then import
them into papers.

The underlying algorithm used was “PLS
regression”, a linear algorithm. Since only
one-indicator latent variables were used, the

“robust path analysis algorithm”, a simpler
algorithm, could also have been used to reach
the same results. The values along the axes are
standardized, e.g., 0 = mean, 1 = one standard
deviation above the mean, -1 = one standard
deviation below the mean, 1.5 = one and a half
standard deviations above the mean, and so on.

A SCENARIO WITH ONE
GROUP AND TWO CONDITIONS

Whatifthe researcher does not have data on the
extent to which the e-collaboration technology
is used? In this case, the study has effectively
only one condition. That is, a variable measuring
e-collaboration technology use will have only
one value; say “1”, reflecting the state in which
the technology “was used”.

However, in this scenario, the researcher
can collect data about team performance before
and after the e-collaboration technology is intro-
duced. This effectively creates two conditions to
which the same group of people are subjected,
which could be coded as “0” for “before the
technology’ and “1” for “after the technology.

Figure 3. Plot for WarpPLS model with results for typical scenario

Data points and regression line or curve (standardized values)
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ECU
Notes:

- ECU = the degree to which the team used the e-collaboration technology
- Perf = the team’s performance in the business process improvement task
- ECU = Perf association statistically significant (p=0.74, P<.01)
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Figure 4 shows an example dataset with
data collected from 20 business process im-
provement teams for the scenario with one
group and two conditions. “BefOAft1” codes
for the before-after e-collaboration technology
introduction condition, with “0” for “before the
technology” and “1” for “after the technology”.
“Perf” measures each team’s performance in the
business process improvement task, also on an
11-point scale from 0 to 10.

Figure 5 shows a simple two-variable
model, with results, implemented with Warp-
PLS. In this model “BefOAft1” is the predictor
and “Perf” the criterion. As before, each latent
variable is measured through a single indicator,

for simplicity, and thus is not a “true” latent
variable. Each indicator refers to the single
corresponding column in the dataset.

This model conceptually implements the
equivalent to a nonparametric comparison of
means test, such as the Mann—Whitney U test.
However, the latter would not allow for the use
oflatent variables, or introduction of covariates
into the model, which are both made possible
with WarpPLS. An equivalent parametric test
would be an ANOVA test (Rosenthal & Ros-
now, 2007).

Based on these results, we can conclude
that the use of the e-collaboration technology
was associated with a significant increase in the

Figure 4. Example dataset for scenario with one group and two conditions

A B
BefOAftl Perf
3
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28]
o
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21 |1
Notes:

- BefDAft] = 0 (before the technology) and 1 (after the technology)
- Perf = the team’s performance in the business process improvement task
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Figure 5. Example WarpPLS model with results for scenario with one group and two conditions

BefOAft1
(RMi

p=0.76 - Porf
(P<.01) - (R)1i

R?=0.58

Notes:

- BefOATftl = 0 (before the technology) and 1 (after the technology)
- Perf = the team’s performance in the business process improvement task

performance of business process improvement
teams ($=0.76, P<.01). This increase refers to
a comparison of performance measures before
and after the introduction of the technology.

Probably one of the best ways of reporting
the results of a scenario with one group and two
conditions, before and after the introduction of
the technology, is to show a bar chart with the
mean scores before and after the technology,
with an indication of the strength of the asso-
ciation and the level of statistical significance
at the bottom of the chart. This is illustrated
through Figure 6.

The mean scores for performance before
and after the technology, reflected in the heights
ofthe bars in the chart, can be easily calculated
with many spreadsheet software tools, such as
Microsoft Excel.

Is it not overkill to conduct a comparison
of means analysis with WarpPLS? That is, in-
stead of using a software tool that implements a
simpler parametric technique suchas ANOVA?
Arguably not,because ANOVA and otherrelated
techniques require parametric assumptions to be
met; e.g., that the criterion variable be normally
distributed. This methodological argument has

Figure 6. Chart with means for scenario with one group and two conditions

Before

After

Notes:

- Bar heights indicate the mean scores for performance before and after the technology
- Performance = the team’s performance in the business process improvement task
- The difference between means is statistically significant (§=0.76, P<.01)
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been demonstrated recently in a different con-
text — a study of surprise-enhanced cognition
(Kock & Chatelain-Jardon, 2011).

One of the advantages of using WarpPLS
in a test like this is that it calculates P values
using a nonparametric class of estimation
techniques, namely resampling estimation
techniques. Sometimes these techniques are
referred to as bootstrapping techniques, which
may lead to confusion since bootstrapping is
also the name ofa type of resampling technique.
Unlike parametric techniques suchas ANOVA,
nonparametric estimation techniques do not
require data to be normally distributed or large
samples to yield credible results.

Another advantage of conducting a com-
parison of means analysis using WarpPLS is that
the analysis can be significantly more elaborate.
For example, the analysis may include control
variables (or covariates), which would make the
test equivalent to an ANCOVA test. Also, the
analysis may include latent variables as predic-
tors, criteria, or control variables. Technically
speaking, this is not possible with ANOVA,
ANCOVA, or commonly used nonparametric
comparison of means tests such as the Mann-
Whitney U test.

A SCENARIO WITH ONE
GROUP AND ONE CONDITION

Whatif'the researcher does not have data on the
extent to which the e-collaboration technology
is used, and, additionally, the researcher col-
lected data about team performance only after
the technology was introduced? In this case, we
have only one group and one condition.

Figure 7. 11 point answer scale

0 1 2 3 4
(Decreased it a lot)

5

(Had no effect)

While this scenario may seem unlikely, it
is in fact very common in investigations where
the researcher gains access to the participants
by offering a service to them, as often is the
case in action research investigations (DeLuca
etal.,2008). In these types of investigations the
researcher often has little control on the subjects
or the environment being studied (Kock, 2003),
which may prevent data collection about team
performance before and after the technology
is introduced.

Within the context of e-collaboration use
by business process improvement teams, this
scenario would be typified by the researcher
asking questions that attempt to gauge the effect
of'the technology on task performance, instead
of asking questions that attempt to gauge task
performance at a given point in time (as in the
“one group and two conditions” scenario).
One example would be the following generic
question, answered on the 1 1-pointscale shown
in Figure 7: In your opinion, what has the use
of the e-collaboration technology done to the
performance of business process improvement
teams?

Figure 8 shows an example dataset with
data collected from 10 business process im-
provement teams for the scenario with one group
and one condition. The dataset has 20 rows, for
consistency with the previous examples. It has
20 rows because 10 of those rows contain ran-
dom values created by the researcher. Although
10 rows of random values are being used here
to be consistent with the previous example, the
ability of WarpPLS to use data that does not
conform to parametric assumptions means that
we could generate 20, 30 or 100 rows.

6 7 8 9 10

(Increased it a lot)
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Figure 8. Example dataset for scenario with one group and one condition

A B C D E F G
1 RndOUsel Perf
2.0 5 Formula= RANDBETWEEN(0,10)
30 3
40 a4
5 0 8
6 0 6
70 2
g 0 3
9 (0 [
10 0 5
110 10
12 11 9
131 5
14 1 8 Answers provided by participants
15 1 B /
16 1 8
171 10
18 11 9
19 11 5
20 1 9
211 9
22
Notes:

- Rnd0Usel = 0 (random value) and 1 (technology use answer)
- Perf = team performance increase in the business process improvement task

“Rnd0Usel” codes for whether the value
is a random value or an answer in response
to a technology use question such as the one
above, with “0” for “random value” and “1”
for “technology use”. “Perf” measures each
team’s performance in the business process
improvement task, also on an 11-point scale
from 0 to 10.

Therandom values created by the research-
er must be comparable with those obtained
from answers in response to the technology
use question. Since the latter were provided
on an 11-point scale from 0 to 10, the random
values must also be on an 11-point scale from 0
to 10. These can be created in Microsoft Excel
with the formula “RANDBETWEEN(0,10)”.

Figure 9 shows a simple two-variable
model, with results, implemented with Warp-
PLS. Inthismodel “Rnd0Use1” is the predictor
and “Perf” the criterion. As before, each latent
variable is measured through a single indicator,
for simplicity, and thus is not a “true” latent
variable. Each indicator refers to the single
corresponding column in the dataset.

Based on these results, we can conclude
that the use of technology was associated with
a significant perceived increase in the perfor-
mance of business process improvement teams
(B=0.59, P<.01). This increase is evidenced
by the answers given by the participants being
significantly higher on average than random
answers on an 11-point scale going from 0 to
10 (Figure 7). The random answers have a theo-
retical mean of 5, which on the 11-point scale
provided would refer to the “no effect” point.

Probably one of the best ways of reporting
the results of a scenario with one group and one
condition is to show a bar chart with the mean
scores for random (or chance) and technology
useresponses, with anindication of the strength
of the association (i.e., the difference between
means) and the level of statistical significance
at the bottom of the chart. This is illustrated
through Figure 10.

The sample of random answers had amean
score of approximately 5; the precise value was
5.2. Nevertheless, the height of the “chance”
bar is indicated as 5, the theoretical mean. The
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Figure 9. Example WarpPLS model with results for scenario with one group and one condition

5=0.59

Rnd0Use1
(R)1i

(P<.01)

R?=0.34

Notes:

- RndOUsel = 0 (random value) and 1 (technology use answer)
- Perf = team performance increase in the business process improvement task

Figure 10. Chart with means for scenario with one group and one condition

Chance

Technology use

Notes:

- Bar heights indicate the mean scores for performance increase by chance and with the use of technology
- Performance increase = team performance increase in the business process improvement task
- The difference between means is statistically significant (f=0.59, P<.01)

reason why the sample mean was not exactly 5,
the theoretical mean, is that we used a formula-
generated sample of only 10 values, to match the
10 values regarding data from business process
improvement teams. To avoid larger deviations
from the theoretical mean, it may advisable to
use larger samples of automatically generated
random answers, and ensure that the mean is
as close to the theoretical mean as possible.
For example, one may use 100 automati-
cally generated random answers, recalculating
them a few times until a mean that is very
close to the theoretical mean is obtained. With
Microsoft Excel, this can be done by pressing

the “Shift” and “F9” keys simultaneously a few
times; showing the mean of the automatically
generated random answers in a cell with a for-
mula such as “AVERAGE(random answers)”
for easy reference.

Given the nonparametric resampling tech-
niques employed by WarpPLS, there is no need
to ensure that the “chance” and “technology
use” samples have the same size. However, it
is still important to ensure that the values in
these two samples vary on the same scale. In
this example, the scale is a Likert-type 11-point
scale from 0 to 10.
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DISCUSSION

One distinguishing feature of the scenario with
one group and one condition, in comparison
with the scenario with one group and two condi-
tions, is that the data in the former is typically
obtained through questions aimed at gauging
the perceived effect of the e-collaboration
technology on a criterion variable such as task
performance. Below are a few examples:

In your opinion, what has the use of the e-col-
laboration technology done to the performance
of business process improvement teams?

In your opinion, what has the use of the e-
collaboration technology done to the cost of
business process improvement teams?

In your opinion, what has the use of the e-
collaboration technology done to the completion
time of business process improvement teams?

The questions above refer to three criterion
variables, or constructs, which could be called
“team performance”, “team cost”, and “team
completion time”. The questions can be an-
swered on a Likert-type scale, such as the one
illustrated in Figure 7, or based on other scales,
including ratio scales — e.g., team completion
time reduction, measured in days.

How can the scenario with one group and
one condition discussed earlier be extended to
asituation with three criterion variables? In this
case, the dataset would be similar to the one for
the scenario discussed earlier, but would have
four columns instead of two.

One ofthe columns would be “Rnd0Use1”,
coding for whether the value is a random value
or an answer in response to a technology use
question like one of the three questions above,
with “0” for “random value” and “1”’ for “tech-
nology use”.

The other three columns would refer to
each of the criterion variables. For example,
they could be labeled “Perf” for team perfor-
mance, “Cost” for team cost, and “Time” for

team completion time. All of the values under
these three columns corresponding to the
zeros under the “Rnd0Usel” column would
be random-generated. The values under these
three columns corresponding to the ones under
the “RndOUsel” column would be based on
the answers provided in response to the three
questions.

The WarpPLS model would have “Rn-
dOUsel” as the single predictor in the model.
The criteria variables in the WarpPLS model
would be “Perf”, “Cost” and “Time”. That is,
in this WarpPLS model, “Rnd0Usel” would
point at “Perf”, “Cost” and “Time”.

Finally, the bar chart with the mean scores
would have four bars. On the left would be a
bar representing the mean chance score, which
would be 5, if an 11-point scale going from 0
to 10 were to be used. Next to it would be bars
with the mean scores for “Perf”, “Cost” and
“Time”. These would allow one to visually
contrast the mean scores for those three criteria
variables with the use of technology with the
mean chance score.

CONCLUSION

This paper’s main goal is to help e-collaboration
researchers using WarpPLS to analyze dataina
scenario where only one group and one condition
are available. This scenario would be typified
by the researcher asking questions that attempt
to gauge the effect of the technology on task
performance, but without gathering data about
the extent to which the technology is used.
This is common in investigations where the
researcher gains access to the participants by
offering a service to them, as often is the case
in action research investigations.

Two other scenarios are discussed to set
the stage for the discussion of the scenario
with one group and one condition. One is a
typical e-collaboration study scenario, where
the researcher measures the degree to which
the e-collaboration technology is used, or the
degree to which specific features of the e-
collaboration technology are used, as well as
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team performance and/or other variables that
are expected to be affected by e-collaboration
technology use.

The other scenario includes one group and
two conditions. In this scenario the researcher
does not have data on the extent to which the
e-collaboration technology is used, but col-
lects data about team performance and/or other
variables that are expected to be affected by
e-collaboration technology use before and after
the technology is introduced.

While the focus here is on e-collaboration
research, the techniques discussed apply to a
wide variety of fields. They apply to any field
inwhich attitudinal and/or behavioral responses
are observed after a change is effected, where
the change may be the use of a new technol-
ogy, the introduction of a new management
technique, orevena change in an environmental
condition surrounding individuals. The unit of
analysis may be the individual or group, includ-
ing large groups such as entire organizations
or even nations.
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