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Abstract. Gerontolinguistic obtains a growing importance with the increase of elderly users due to Demographic Change.
Since acceptance and ease of use of supportive systems for elderly, such as “E-Nursing-Assistants“, are highly dependent on
the age suitable design of readable instructions, an age-appropriate linguistic concept is of high value for usability. There has
been only little research on the relevance of foreign words, signal words, textual arrangement, optical accentuation of key
terms and temporal iconicity concerning older users. Thus, an efficient design of age suitable manual instructions within a
medical context still remains to be done. The objective of this research was to evaluate the relevance of the previously men-
tioned factors in the context of written instructions. For this, an empirical survey was designed which was given to 45 study
participants. The subjects of the experiment were given 4x3 instructions after a pretest questionnaire. The aim was to execute
these instructions as correctly and quickly as possible. Furthermore the instructions were rated regarding comprehensibility

with a retrospective questionnaire.
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1. Introduction

Heterogeneity among the elderly population must
be identified as one of the main characteristics of this
age group. Different biographies, educational stan-
dards and diseases make it very difficult to speak of
“the” group of elderly. Still, it is commonly agreed
on that with growing age, cognitive and physiologi-
cal capacity changes occur. These changes often alter
self-reliance. New technologies challenge these
changes and offer the opportunity of an autonomous
lifestyle. Thus, a special demand is given to the de-
sign of manual instructions. A technology may offer
the most convenient solution, but if the target group
does not comprehend accordingly a benefit will not
occur. Wirtz, Jakobs and Ziefle [1] have identified 20
types of usability problems and assigned them to 5
categories. These categories are coherence, feedback,
layout, structural and linguistic factors. This study
analyzes 3 of these categories: layout, structure and
linguistic factors.
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1.1. Structural factors

The problem occurring with structural design con-
cerns the overall design of content. For this study the
aspect of temporal iconicity was evaluated.

1.1.1. Temporal iconicity

As proven by Smith et al., a non-chronological
text structure lowers comprehension relative to a text
which is structured according to the chronological
order of its content [2]. The latter describing tempo-
ral iconicity. Enkvist defined temporal iconicity as
given®...whenever the linear relations in a text stand
for temporal (...) relations between the referents in
the world described by that text [3]. A famous exam-
ple for temporal iconicity can be found in Haspel-
math [4], where he exemplified iconicity with the
famous dictum “Veni, vidi, vici” (He came, he saw,
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he conquered). Contrary, “Prior to his victory, he
came and saw”, would be a non iconic expression.

Until now, there are diverging results and interpre-
tations on the relevance of temporal iconicity. Whilst
Van Horen et al. clearly say that “the results (...)
suggest that temporal iconicity of instructions is not
helpful” [5], Maxim and Bryan investigated that
“sentences in which the order of mention was the
same as the order of occurrence were significantly
easier to understand than sentences where the order
of mention was not the order of occurrence” [6].

Regarding the fact that with increasing age short-
term memory capacities decrease [7] and non iconic
sentences place a high cognitive load on the reader,
since the reader has to store information in his mem-
ory, in order to reconstruct the sequence of occur-
rence, elderly should highly benefit from temporal
iconicity in texts. Thus temporal iconicity must be a
central design factor if cognitive change in age is
considered within text comprehension. As a result
this factor was given priority during the test phase of
this study.

1.2. Linguistic factors

The analyzed linguistic factors during testing were
the use of foreign- and signal words as well as the
use of passive voice.

1.2.1. Foreign words

A survey carried out by Jakobs et al. [8] investi-
gated interfering factors of instruction manuals.
45.8% of participants stated that the manual was in-
comprehensible. The reason for this being technical
expressions, acronyms or other unknown items and
terms. Similarily, ETSI 2006 user education guidance
and guidelines discusses the use of inappropriate lan-
guage [9].

An important aspect of textual comprehension is
the awareness level of used terms: “It is obvious that
terms, rarely occurring, are less familiar and thus
demand a higher effort in terms of decoding, than
commonly used terms” [10]. Terms possessing a low
level of awareness among the reader are referred to
as foreign words. This includes English expressions
and technical terms as well as German terms which
are less common. Ownby stated that “...complexity
of vocabulary is the most consistent aspect of text
that differentiates text ... whose overall ratings indi-
cate that they are easier or more difficult to read”
[11]. Ziefle and Bay also suggest that foreign words,
acronyms and technical terms are to be avoided [12].

Thus, only terms with a high level of awareness
are to be used [13], or if unavoidable, adequate de-
scriptions are to be delivered to the reader [8].

1.2.2. Signal words

Signal words do not provide new content but
rather point out certain aspects of semantic content or
text structure e.g. eventually, at last, in order to [14].
They facilitate comprehension of certain textual
structures and help to establish a correct, coherent
and representative structure of the text [15]. Hence,
as signal words reduce cognitive load [16], especially
the elderly should benefit from their use [5].

1.2.3. Passive voice

A central aspect of designing technologies is the
fulfillment of user expectations and desires. Espe-
cially elderly expect target group oriented addressing
e.g. “direct addressing of the user” [8]. It was shown
by Obler et al. that the use of passive phrasing in-
creases difficulties in text comprehension [17]. This
was also shown by Ownby in a more recent study

[11].
1.3. Layout factors

In consideration of design aspects, the visual ac-
centuation of various elements as well as the overall
structure were analyzed. Other ergonomic aspects
such as contrast of color, typeface, font size etc. were
not evaluated in this study, as there has already been
sufficient research on those factors.

1.3.1. Visual signaling

Signals reducing the cognitive load for understand-
ing a text may not only be sent through words. Sig-
nals may also be sent acoustically or visually. The
acoustic emphasis on single words [18] finds its
counterpart in the style and design of words e.g. font
style, underlining, certain positioning [16]. Indepen-
dant from signal type, elderly generally benefit from
elements capturing their attention [13].

1.3.2. Visual structuring

Changes in spatial layout can have significant con-
sequences on accuracy and speed of comprehension
[19]. Cohen stated that age differences are less evi-
dent if the transported information is well structured
[20]. This finding is consistent with the results of the
survey done by Jakobs et al. [8]. 39.6% of the sub-
jects replied to the question “what irritates you the
most about instruction manuals?” that they are con-
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fusing. Further, an irritating structure and imprecise
step by step instructions were critized [§].

A well structured text allows the reader to easily
switch between the written instructions and a techni-
cal device [21]. Segmentations mark the spots, where
the user may take a break from reading the manual,
in order to execute the given instruction. Further,
they enable easy navigation through the text, thus
reducing the probability of repeating or skipping an
instructional step [5].

2. Empirical Study

In order to gain an understanding of the process,
the study design and dependent and independent va-
riables are explained. Further, the group of subjects is
outlined.

2.1. Study design

The test carried out was a reaction test. A reaction
test asks the subjects to execute written instructions
presented to them. Their reaction, measured in time
needed to complete the task and the amount of errors
made during the execution, allows to draw conclu-
sions regarding the general textual comprehension
[10]. In this study, the subjects were asked to execute
instructions presented on a 10 inch tablet pc with
touch screen. In order to minimize quantifiable ef-
fects created by age related change in the subject’s
visual reception, font size 18 was chosen for the en-
tire text [13]. It was also decided to use a sans-serif
typeface [22]. Further, the screen was positioned ac-
cording to the anthropometric position of the subject.
There were three different types of instructions in
four different modes each. These four versions con-
sist of the combination of two independent variables:

1.) Iconic vs. non-iconic formulation

2.) Other supportive layout and linguistic factors
incorporated vs. other supportive layout and
linguistic factors not incorporated

Among the instructions the following types were
differentiated:

1.) The type “place pills” (P) asked the subjects to
arrange pills of different colors in a pill box ac-
cording to a particular order described in the in-
struction.

2.) Instructions of the type “make appointment” (N)
asked the subject to navigate through the envi-
ronment of the tablet pc and make an appointment
for a certain service e.g. a cleaning lady, on a cer-
tain day and time.

3.) “Body coordination” (M) demanded the coordina-
tion of movement, e.g. right hand to chin and left
hand above head.

These instructions were given to the subjects in
varying sequences. The construction of sequences
was done according to the Williams design. The Wil-
liams design is a special case of the cross-over and
Latin square designs. A Latin square, in which every
treatment is represented once, and once only, in each
column and in each row, yields uniform cross-over
designs. Such a cross-over design is said to be bal-
anced with respect to first-order carry-over effects
[23]. Distinctive for this design is that each variation
occurs only once during each sequence and at a dif-
ferent position in each sequence.

Thus, every subject participated in four test se-
quences. Each of those four test sequences consisted
of three instructions with each instruction type
(P,N,M) occurring only once in each sequence and
no formulation version (A, B, C, D) occurring twice
in each sequence. Additionally, the order of versions
in each sequence varied. This reduced positioning
effects for later analysis. There was also a 30 min.
break between each sequence in order to reduce
learning effects. Dependant variables are, as previ-
ously mentioned, execution time required (t) and
error rate (F).

2.2. Subjects

45 subjects were tested. Eight of those participated
in the pretest. The other 37 took part in the actual
data collection. Of those 37, one was excluded due to
the fact, that he was not a native German, so difficul-
ties in text comprehension could not be clearly asso-
ciated with the factors evaluated. 24 subjects were
male, 12 female. The age group of 61 years to 70
years was represented by 47.2% of the subjects,
while 33.3% were between 71 and 80 years, 11.1%
were aged between 50 and 60 years. 8,3% were be-
tween age 81 and 90 years.

3. Results

During the analysis ANOVAs were created for re-
action time and amount of mistakes of all instructions.
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Here, time (p = 0.03) and mistake evaluation
(p=0.00) lead to significant differences during the
application of temporal iconicity. Hence, iconic for-
mulations seem to be more comprehensive than non
iconic formulations. The average mistake for instruc-
tions of the category A and B was JF=0.5 (SD
0.84), while instructions of category C and D were at
OF =1.78 (SD 1.86). The time average for instruc-
tions of category A and B was at Jt=90.57 s (SD

43.78), C and D resulted in &t =106.34 s (SD 60.75).

A Bonferroni test showed no significant differences
for time and error results in between the two iconic/
non iconic versions respectively though.

Looking at the means for each instruction type, it
stands out that both instructions of category P and M,
show lower error rates in version B than instructions
formulated in version A. M received in version A
8.25% more mistakes than instructions of type B.
Instructions of group P received even 35.38% more
mistakes in variation A.

However, subjects took approximately 6.5% more
time in version B of group M. The difference be-
tween version A and B was at 9.88% in time for in-
structions of group P, inclining towards A. Correla-
tion coefficients between time and error rates were
computed in order to detect traces of time-accuracy
trade-offs, but the results showed no sign thereof.

The calculated means for time and error rate in-
clude all results from all tested subjects. Considering
the great intra-individual performance differences
between the subjects, a more differentiated look on
the results might be necessary in order to determine
which formulation type obtained the best results.
Therefore, for each subject was determined in which
formulation type the best and worst outputs were

produced. This was done for all instruction categories.

Afterwards results were compared again.

This comparison of worst and best output showed
that formulation type D is always joined with the
highest amount of worst results — both for time and
for error rates in all instruction categories. Thus in
formulation type D 36.11% of the subjects performed
worst time-wise in the category P, even 41.67% in
categories N and M. Instructions in type D lead to
22.22% of the worst results error-wise in category N
and up to 42.86% in category P.

In contrast most of the best results were joined
with formulation type A. The only exception is the
finding for best time results in category M. There
38.89% of the best performances were achieved in
connection with formulation type B. All the other

“best performance” outcomes, up to 44.44%, were
linked to formulation type A.

At last, influencing factors were calculated in a
multivariate data analysis.

It turned out that regarding the error rate the type
of formulation and frequency of computer use were
always influencing factors. So it can be said that be-
sides the way of formulation, a strong effect roots
back to the general use of computer systems. The
analysis of a questionnaire completed prior to the test,
states that 21.6% of the subjects never used a com-
puter before. 45.9% operate a computer on a daily
basis, 21.6 % use it 2-3 times a week. 10.8% rarely
use a computer. The difference in time and error re-
sults, between those who have never used a computer
and those who have some level of experience with a
computer system, is highly significant (p,=0.00;
pr = 0.00). The mean for mistakes made by computer
users was at JF =0.97 (SD 1.41) mistakes per in-
struction, while the group that never used a computer
system was at JF = 1.84 (SD 1.99) mistakes per in-
struction. The means for time were Jt=113.32 s
(SD 70.14) for the non users and Jt=94.87 s (SD
48.05) for the experienced.

4. Conclusion

The study results imply that temporal iconicity
plays a key role in the design of instructions. Instruc-
tions that were temporally iconic were executed fast-
er and at a smaller error rate than instructions that
were non iconic. A detailed evaluation of the other
factors relevance was not possible within the frame
of this study but looking at the differences regarding
time and error rate between the non iconic versions C
and D, instructions that respect other supporting fac-
tors as active voice, text structure, signal wording
and avoidance of foreign words, perform better with
regard to the evaluated variables.

An explanation why most results for instruction
category M were best performed in formulation type
B, might be, that some of the subjects were confused
by the layout structure of the instructions provided in
version A. Just as inappropriate accentuation slows
language processing [18], a text structure that does
not appeal to the reader might rather hinder than sup-
port textual understanding [24]. 11.1 % of the pro-
bands stated in a questionnaire that was conducted
right after the experiment, that they found the struc-
tural layout not helpful.
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As for the reason why computer use seems to play
such a significant role in the overall results, it can
only be assumed, that since the entire instructions
were presented on a tablet pc, those with a certain
amount of experience in computer use benefited from
their know-how with a more confident and less anx-
ious approach which ultimately resulted in higher
performance levels.

The study focused on an age group above 50 years.
However, ergonomic design of instruction manuals
has an independent positive effect on comprehension
of instructions and thus results in an increased im-
pression of control on the user side — independent of
age.
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