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ABSTRACT

In usability research, difference between formative and
reflective measurement models for the assessment of latent
variables has been ignored largely. As a consequence, many
usability scales are misspecified. This might result in reduced
scale validity because of the elimination of important usability
facets within the procedure of scale development. The aim of
the current study was to develop a questionnaire for the
evaluation of On-line store usability (UFOS-V2) that includes
both a formative and a reflective scale. 378 subjects participated
in a laboratory experimental study. Each participant visited two
out of 35 On-line stores. The usability and intention to buy was
assessed for both stores. In addition, actual purchase behaviour
was observed by combining the subjects' reward with the
decision to buy. In a two-construct PLS structural equation
model the formative usability scale was used as a predictor for
the reflective usability measure. Results indicate that the
formative usability scale UFOS-V2f forms a valid set of items
for the user-based assessment of online store usability. The
reflective usability scale shows high internal consistency.
Positive relationships to intention and decision to buy confirm
high scale validity.

Keywords: Usability, E-Commerce, On-line store, Scale
Development, Evaluation Questionnaire, Formative and
Reflective Measurement Models

1. INTRODUCTION

In part 11 of the international norm ISO 9241 [1], the usability
of a software product is defined by the three criteria efficiency,
effectiveness, and satisfaction. Usually, scholars also draw on
the principles of dialogue design in part 110 of the same norm
[2] which are suitability for the task, self-descriptiveness,
controllability, conformity with user expectations, error
tolerance, suitability for individualization, and suitability for
learning. As stated in the norm, evaluation of usability always
has to be referred to the individual user, task, and context of
usage.
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In general, investments in the improvements of the user
interface will give a good return [3]. Several empirical studies
suggest that usability is a critical success driver of E-commerce
sites [4]. Usability problems on sites may be so serve that the
customers are simply not able to accomplish the On-line
purchase although they originally intended to [5]. Also, less
important design flaws might have a negative impact on success
because the On-line transaction becomes more inconvenient and
more time-consuming [6]. The intention to buy turns out to be
positively influenced by usability and related constructs
perceived ease of use and perceived usefulness [4, 7, 8]. Other
studies show positive relationships between the usability and
the intention to revisit the On-line store [9]. Few authors have
investigated the impact of usability on actual purchases [4, 9,
10].

2. THEORETICAL BACKGROUND

Formative and reflective measurement models

For the assessment of latent constructs, two kinds of
measurement models might be applied which differ in the
underlying assumption of causal relationship between the latent
variable (LV) and its manifest indicators [11].

Figure 1: Reflective Measurement Model of a Latent Variable
with three Indicators
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1: latent variable; A: loading; x: reflective indicator;
€: measurement error on level of indicators; r: correlation
between indicators
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Traditional scale development usually draws on reflective
measurement models where the observed indicators are
assumed to be caused by the LV [12]. Figure 1 shows a LV that
is assessed by three reflective indicators. According to the
causal relationship, value changes in the LV result in changing
values of all reflective indicators [13]. Hence, high correlations
between the indicators are expected and can be interpreted as a
criterion for high internal consistency. In the sense of domain
sampling, reflective indicators are interchangeable. Thus,
leaving out one specific indicator of a reflective scale won’t
result in alternations in its sense of content [14].

For a formative measurement model, the opposite direction of
causal relationship between the LV and the manifest indicators
is assumed. In this case, the indicators cause the LV (see figure
2) [15]. High correlations between formative indicators might
occur, but are not generally expected. Hence, factor analysis and
Cronbachs Alpha are inappropriate methods of evaluating a
formative measure [16]. Any elimination of relevant formative
indicators will result in reductions of scale validity.

Figure 2: Formative Measurement Model of a Latent Variable
with three Indicators
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1: latent variable; y: weight; y: formative indicator;
£: measurement error on level of the latent variable;
1: correlation between indicators

As an example for a formative construct, consider social status
[15]. This LV arises from several different individual charac-
teristics of a person like occupation and ethnic group member-
ship, religion, gender, voluntary associations, hobbies, and
several other formative facets [17]. Status inconsistency exists
when correlations between status criteria are low, e.g. in case of
an unemployed academic. Hence, high correlations between
formative indicators are possible but not generally expected. In
the context of human computer interaction research it has to be
noted that the term formative does not refer to the difference
between summative and formative evaluation methods.

There are two major problems of dealing with formative LVs
statistically. Firstly, the formative measurement approach does
not allow estimating the parameters of a formative model within
a structural equation model without linking the LV to at least
one other LV [15]. Secondly, the estimates are biased if a
critical degree of multicollinearity between the formative
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indicators exists [18]. The best way to handle this problem is to
aggregate the indicators that show high multicollinearity into an
index [19]. Furthermore, it is important to notice that some
variables may be assessed by both a reflective and a formative
measurement model [20]. For example, a scale on customer
satisfaction may include a certain number of formative
indicators, each covering a different aspect of the construct (e.g.
satisfaction with service hot lines, service personal, product
quality etc.) [21]. On the other hand, a reflective scale would
include items on customers’ global judgement of satisfaction.
For constructs like this, it is possible to validate the formative
scale by means of a two-construct model [15]. In this kind of
model, the formative LV is used as a predictor for the reflective
LV [20].

Studies show that in case of many scales, the measurement
model unintentionally has been specified as being reflective
although the construct affords a formative model [22]. As a
potential consequence of this kind of misspecification, scale
validity might be reduced. Invalid scales entail the danger of
false interpretations of statistical results. In addition, results of
structural equation models (SEM) may be strongly biased if the
measurement model of one LV is misspecified [22, 23].

Misspecifications of Usability Scales

To our knowledge, no published study so far has attempted to
develop a usability scale with respect to the difference between
formative and reflective measurement models for the
assessment of LVs. Consequently, it may be suspected that
many scales are misspecified in terms of the measurement
model.

Exemplarily, we illustrate the misspecification of an usability
questionnaire by means of the UFOS-V1 [4] which is a
questionnaire for the usability assessment of On-line stores from
the customer’s point of view. This instrument includes several
items which have to be considered as being formative usability
indicators, e.g. ‘I can easily access the search functions of this
store” and ‘The shopping cart is clearly arranged’. Obviously,
high correlations between both indicators may occur but are not
generally expected. For example it may be given that the
shopping cart of a store is arranged in a clear way, but at the
same time the accessibility of its search functions is limited.
Thus, correlations between these two indicators would turn out
to be low. UFOS-V1 [4] also includes reflective usability
indicators, e.g. ‘The purchase can be performed quickly’. This
item reflects the overall level of subjective usability and can be
considered as a global judgement on the part of the customer.

Although both formative and reflective indicators were included
in the item pool of UFOS-V1 [4], exploratory factor analysis
was applied in order to identify different dimensions of On-line
store usability. According to the general procedure of scale
purification [12] several indicators were eliminated in order to
optimize Cronbachs Alpha. For example the highly relevant
formative indicator ‘The screen text is hardly readable’ was
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eliminated. As outlined above, the application of this procedure
of scale development which is based on classical test theory is
not appropriate for formative measures. As a consequence of
this misspecification, several aspects of On-line store usability
have been excluded from the scale. This might have caused a
reduction of content validity of UFOS-V1 [4].

A thorough analysis of the adequate measurement model reveals
that almost all usability scales lack of an adequate specification
of the underlying measurement model. As in case of UFOS-V1
[4], many usability scales include both formative and reflective
indicators without considering this methodologically. Rare
examples for adequate specifications of the measurement model
are the SUS questionnaire [24], and the first subscale of the
QUIS [25].

3. RESEARCH QUESTIONS AND HYPOTHESES
The aim of the study was to further develop the usability
questionnaire for On-line stores UFOS-V1 [4] by constructing
both a formative (UFOS-V2f) and a reflective scale (UFOS-
V2r). Our hypotheses draw on the value criteria of both scales
including their relationships to the intention to buy and the
decision to buy.

4. METHOD

Scale Development and Measures

Initial point for the development of both new UFOS-V2 scales
was the item pool of the UFOS-V1 questionnaire [4]. Based on
a pre-test with a group of four experts in scale development, it
was determined whether a formative or a reflective
measurement model applied for each item. In several cases,
item formulations were improved. Several items from the pool
were eliminated because of high degrees of redundancy to other
items or too high amounts of missing data. In order to assure
completeness of the item pool, recent literature on aspects of E-
Commerce user experience was reviewed [amongst others 26-
28]. Based on this review eight additional items were added
reflecting usability aspects concerning the ordering process,
product lists, and the availability of relevant information.

The resulting questionnaire consisted of 9 reflective items for
the scale UFOS-V2r (e.g., item url ‘The purchase can be
completed quickly’), and 58 items for the formative scale
UFOS-V2f (e.g., item uf25 ‘I can easily access the search
functions of this On-line store’). A 7-point Likert-type
answering scale ranging from 1 (‘fully disagree) to 7 (‘fully
agree’) was used. In addition, the option ‘not applicable’ was
offered for each item on order to avoid potential uniformed
response errors [29].

The intention to buy was measured with three items (e.g., ‘It is
likely that I will purchase from this store again within the next
three month’) and answered on a 7-point Likert-type scale.
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Sample

378 users participated in a laboratory experimental study.
Participants were recruited via placards on notice-boards and
flyers in public facilities, through local internet portals, and
advertisements in the local paper. The sample included 44.3 %
females, and 55.7 % males with an average age of 33.3 years
(SD =12.8; Min = 15; Max = 72). On-line shopping experience
in terms of the number of past purchases strongly varied across
the sample with an average of 38.9 (SD = 61.1).

Procedures

Prior to the experiment, subjects were asked to select one
product of their own choice out of five product groups (CDs,
DVDs, books, printer cartridges, or concert tickets). For each of
these five groups of products, seven different On-line stores
were included in the study, resulting in a total number of 35 On-
line stores. Depending on the product choice, the subjects
where assigned to an experimental condition which was
determined by two of the seven stores. The experiment was
conducted by using an On-line hypertext environment that
included all instructions for the participants. During the whole
procedure, an experimenter was present to help out in rarely
occurring cases of questions or technical problems. The
experiment was carried out either in sessions with single
subjects or in groups with at most five participants.

In the first part of the experiment, information on the goals and
procedure were given. The subjects were asked to fill out a
questionnaire that included both demographic items (age,
income, sex) and control variables (On-line shopping
experience, speed of internet connection, product involvement).
Then, the participants were told to visit the first store and to
interact with the store by accomplishing three tasks. These tasks
can be considered as typical scenarios of On-line store usage
[30]. Thereafter, a questionnaire for store evaluation was
presented which included the usability scales and items on
additional aspects of the customer experience. Then, the same
procedure of interaction by means of the three tasks and the
identical questionnaire were applied for the second store.

After the evaluation of the second store, the shopping carts of
both stores included one exemplar of the product that the
subjects had chosen in advance. The participants had to decide
whether they wanted to order this particular product from the
first or second store or alternatively chose a voucher amounting
to 15 Euro for a local Off-line store chain. This decision to buy
was recorded automatically. After the subjects had placed the
order, the experimenter rewarded them for their attendance by
either handing out 15 Euro in cash or the voucher. Finally,
additional control variables were assessed by means of a post-
test questionnaire. In average, the whole experimental
procedure took 65.5 minutes (SD = 17.9).
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5. RESULTS

Ten cases that showed more than 20 % missing data were
eliminated from the data set, resulting in a reduced sample size
of N=368. The multiple imputation technique was applied to
impute the remaining missing data. For the following steps of
analysis, each case of the data set was split into two store
evaluations, resulting in a doubled sample size of N = 736.

The reflective usability scale UFOS-V2r showed a high internal
consistency with a Cronbachs Alpha « = 0.93. By eliminating
one of the nine items, this value was slightly optimized to
a=0.94 (M =3.63; SD =1.54). An ANOVA was performed to
address the question whether the reflective scale UFOS-V2r was
able to detect differences in the subjective usability between the
35 stores that were considered in this study. A significant result
indicated sensitivity of the reflective usability scale (F = 3.84;
df = 34; p<.001).

Eight out of the 58 formative usability items showed a high
amount of more than 10 % missing data. These indicators were
eliminated from the final UFOS-V2f scale because it was
claimed that all items could be easily answered. In addition, it
was analyzed whether any semantic redundancies could be
identified within the scale. To avoid multicollinearity, four
items were eliminated based on an inspection of the correlation
coefficients and semantic similarities for each pair of formative
indicators. After these eliminations, 46 items remained in the
formative scale UFOS-V2f.

In order to investigate whether the set of 46 formative items
adequately covered the overall impression of On-line store
usability, a two-construct model was estimated using Partial
Least Squares (PLS) path modelling. The sample size of
N =736 was sufficient, because the required number of cases
for this PLS analysis is only 10 times the number of indicators
in the formative LV [20]. Even after the elimination of four
semantic similar indicators, a high degree of multicollinearity
between the formative indicators was observed as indicated by
low values of tolerance (< 0.4), high VIF-values (> 2), and a
condition index of 50.96. In order to overcome the problem of
multicollinearity indices were computed [19]. Therefore, we
followed a methodological approach which is similar to the
principal of main component regression [31]. A main
component analysis with orthogonal Varimax rotation was
computed. Based on the Eigenwert criterion, nine components
were extracted. The factor scores of the0 nine components were
used as formative indicators within the PLS two-construct
model (ufindex!1 to ufindex2). In this model which is illustrated
in figure 4, the LV formative usability (scale UFOS-V2f)
functions as a predictor for the dependent LV reflective
usability (scale UFOS-V2r). The model was estimated using the
software Smart-PLS (www.smartpls.de). A bootstrapping
procedure was run in order to determine significance of the
model estimates.
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Table 1 shows the specification of the outer model. Eight of the
formative indices showed both weights »>0.1 and significant t-
values (¢>1.66). Only the weight for the ninth component
ufindex9 was rather low with »=0.03 and insignificant
(t=0.51). All loadings of the eight reflective usability
indicators were above the critical value of A>0.707 and
showed significant t-values. The composite reliability of the
reflective scale UFOS-V2r reached a high value of 0.95. The
Average Variance Extracted was AVE = 0.7, which is above the
critical value of 0.5. Overall, the measurement model can be
evaluated as being excellent (cf. [20]), which is a precondition
for the interpretation of the structural model.

Table 1: Specifications of the Outer Model for the Estimated

PLS-Model
Latent Indicator | Weight/| SE | t-Statistic
variable loading

Formative | ufindexl 0.72 0.06 11.51
usability ufindex? 0.46 | 0.07 6.61
(UFOS-V2T | ufindex3 0.22 | 0.05 4.16
scale) ufindex4 0.18 | 0.08 2.63
ufindex5 0.27 0.08 3.51
ufindex6 0.17 0.08 2.31
ufindex? 020 | 0.06 3.17
ufindex8 0.15 | 0.07 2.15
ufindex9 0.03 | 0.06 0.51

Reflective | url 0.88 | 0.03 | 27.33
usability ur2 0.76 | 0.06 | 13.02
(UFOS-V2r | ur3 0.81 | 0.04 19.86
scale) urd 0.83 | 0.03 | 2692
ur6 0.85 | 0.03 | 26.08
ur? 091 | 0.02| 3983
ur8 078 | 0.04 | 1837
ur9 0.86 | 0.03 | 32.50

Figure 3 illustrates the structural model of the PLS analysis. The
path coefficient turned out to be very high (8= 0.88). Also, the
determination coefficient showed a very high value of
R’=0.77. Results revealed a strong positive relationship
between both newly developed usability scales. This leads to the
conclusion that the set of 46 formative usability indicators
(scale UFOS-V2f) very well covers the global judgement of
usability which is assessed by means of the reflective scale
UFOS-V2r.

In order to evaluate validity of both UFOS-V2 scales,
correlations to the intention to buy (a=0.91) were observed.
Coefficients with this dependent variable of »=0.62 for the
reflective scale UFOS-V2r and »=0.59 for the formative sale
UFOS-V2f indicate high concurrent criterion validity.

Furthermore, a sequential multinomial logistic regression
(MLR) analysis [32] was applied to predict whether the subjects
decided to purchase in the first store, in the second store or to
choose a voucher. With a total number of 284 (77.17 %) most of
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Figure 3: Two-Construct-Model for the Validation of the Formative Scale UFOS-V2f
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the participants decided to place an order, while 84 (22.83 %)
subjects chose the voucher. The MLR analysis was based on
N=352 cases, after 16 subject cases were identified and
eliminated as being outliers. In the first step of analysis, the
variables age, income, sex, On-line shopping experience,
duration of the experiment, speed of internet connection,
product involvement, and product group (CD, DVD, books etc.)
were used as predictors. This model showed a Nagelkerke
R’=021 and a percentage of correctly classified cases
CCR=59.1%. In the second step of the MLR, the latent
variable scores of the reflective usability scale UFOS-V2r for
both stores were added to the model. A Nagelkerke R’ = 0.49
and CCR = 67.64 indicate high predictive validity of the newly
developed. In an alter-native second step of analysis, the scores
of the formative scale UFOS-V2f were added as predictors of
the MLR instead of the UFOS-V2r scores. According to the
results of this analysis, the predictive power of the formative
usability scale is only slightly lower than for the reflective one
(Nagelkerke R’ = 0.46, CCR = 64.72 %).

6. DISCUSSION

The goal of our study was to develop and validate both a
formative and a reflective scale for the assessment of perceived
usability of On-line stores. Both scales demonstrated good value
criteria. The reflective scale UFOS-V2r shows high internal
consistency and is able to discriminate across different stores. A
high postive relationship between the formative scale UFOS-
V2f and the reflective scale UFOS-V2r indicated high content
validity. The set of formative items very well covers the
customer’s global judgement on store usability. Furthermore,
high concurrent and predictive criterion validity of both scales
were demonstrated by positive relationships to the intention to
buy and the decision to buy respectively.

As far as we know, all existing usability questionnaires to date
have been developed without any reference to formative and
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reflective measurement models. Most usability scales include
both formative and reflective indicators. Because of these
misspecifications it seems unclear whether sufficient content
validity of these scales is assured. In comparison to other
usability questionnaire, the difference between both kinds of
measurement models has been considered for the development
of UFOS-V2. The reflective scale UFOS-V2r is comparatively
short with only eight items. It offers the opportunity to
economically assess the global usability impression. Hence, it is
very well suited for purposes of summative evaluation like
benchmark projects or rapid-prototyping procedures. The 46
items of the formative scale UFOS-V2f include all relevant
single aspects of On-line store usability. This offers the
possibility of screening a store for potential design flaws. By
building item profiles, different store interfaces may be
compared. Those aspects that are identified as being
problematic may be addressed more thoroughly in further
evaluation approaches like usability tests in order to deduce
design recommendations for interface improvement.

The distinction between formative and reflective measurement
has important implications for human-computer-interaction
research. A theoretical foundation of wusability seems
inappropriate that is based upon a factor analytical breakdown
of the construct. Amongst others, the dialogue design criteria in
part 110 of the DIN 9241 [2] go back to an empirical study in
which factor analysis was applied for the purpose of classifying
different usability aspects [32].
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