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. INTRODUCTION HEN REEE
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Heuristic evaluation is a popular means of quickly identify b .
ing likely design problems in an application’s human irded r 3
[1]. Because of its simplicity, low cost, and broad applitiah ’7 F -
this evaluation technique is arguably the one most ofted.us(|x|

In our work with assistive robotics, we are following in}.
the tradition of developing a set of tailored heuristics t T
aid evaluators of specialized types of systems (e.g., [2]).
Researchers and manufacturers of assistive robotics haverig. 1. Hierarchical menu used with=4 4 hexadecimal keypad (left; courtesy
obligation to ensure that the systems they design and devetExact Dynamics); Manus robot arm (right).
are safe and useful. Using an evaluation method that can o o o
expose interface problems before the system has gone i@g§1eral activities of daily living and can function in unatr
production can increase the likelihood of a usable design. tured environments. The Manus ARM can be operated using

There are two common methods used to develop heuristis<€ypad (Fig. 1), joystick, or single switch using hieracah
empirical-based and research-based methods. Nielserthesed"€nus. The Manus ARM has 6+2 degrees of freedom. The
former by categorizing hundreds of usability problems arffiPP€r maximally opens to 3.5 in (9 cm).
adapting the names of the resulting ten categories as a set of 1. DEVELOPING HEURISTICS

heuristics [3]. In many cases, new heuristics are developec{N - . , .
. . , . . I e began by examining how each of Nielsen’s heuristics
using Nielsen’s heuristics as a basis. Developers eliminat

. ) - .~ _telate to the Model-Human Processor (MHP) [9]. This model
Nielsen’s heuristics that are not congruent to their primar : . .

. . . . emed appropriate because of its emphasis on perceptual,

goal, modify the rest to suit their target domain, and a o : . :

. . ‘cognitive, and motor aspects of human interaction with tech

heuristics to complete the new set, if needed [4]. Desurvife L ) .
nplogy. Additionally, we examined literature for accedgip
et al., for example, employed a research-based method. . ) 7
- o -in human-computer interaction (e.g., [10]-[13]) and dbas
develop a set of heuristics for game approachability drgwin

on education, learning, and game theories [5]. robotics (e.g., [14]). Because robots designed for human

L o . assistance are inherently social, we looked at the litezatu
Validating the new heuristics is often done empirically b%f social robotics (e.g., [15]-[17])

comparing the pr.obilems Fhey find to t_hose of usability testin We distilled top-level heuristics from the MHP and found
or Nielsen’s heuristics. Ling et al. claims the performantezg)ur critical gaps: safety, trust, errors, and flexibilitwe
Ml

the new set is often as good if not better than Nielsen’s [ . " o
. . o ) ed the gaps by creating additional top-level heurisfitsn
The reason is the new set is specific to the domain tested., . ; . .
Nielsen [3] and the literature for accessibility and social

This paper presents a set of heuristics for assistive oty ioq “The remaining heuristics from the literatureieey

¥Vhlle heub”it!cf ha\?e been prgwotl:]sly developed ttofrgll:dr Scame more specific secondary heuristics under these top-
t_umfan:[rr(]) otinterac |c_}_n g, [f])’ _etr_e wasbntc_) Seto |ueu level ones. The secondary level heuristics were explairigd w
\cs for the more Specilic area ot assiStive robolics priarid: ¢, ¢rete questions/examples for assistive robotics adiarye

effqrt. We describe Fhe assistiv_e_robotic sys?er_n we used afel. The two lower levels of heuristics form sample guickan
validation testl_aeq prior to expla|_n|ng the heuristic demhen'F (not comprehensive) when looking for possible problemsrea
process, heuristics, and validation; see [7] for more detai Table | shows the top and secondary levels of our assistive
robotic heuristics. The nine top-level heuristics are enésd
in boldface type. Examples of the literature that inspireel t
The Manus Assistive Robotic Manipulator (ARM) is aheuristics are included in the “source” column. Not all s&s
commercially-available, wheelchair-mounted robotic atex are provided due to space limitations (see [7] for a more
veloped by Exact Dynamics [8]. It is designed to assist wittomplete version).
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MAIN MENU

II. MANUS ARM



TABLE |

Niel . Assistive
HEURISTICS FORASSISTIVEROBOTICS lelsen's Robotics
[ Heuristics [ Source ﬂigré?tégs Heuristics
Provide appropriate amounts of information for decision-making, | [9] problems - (33 of 39
judgment, and prediction 339%) problems -
o Show what _the system is doing and Wha_t state itis in [18] ° 85%)
o Provide option awareness to enable decision makers to kriuat Fig. 2. Overlap between heuristic evaluations using Nigdskeuristics and
courses of action are available, what their likelihoods wdcess are, our assistive robotics heuristics. shown in Table |
and what their relative costs are ’ '
o Provide sufficient historical information to understandnuls and
make predictions V. CONCLUSIONS
Use existing long-term and working memory [9] .
o Minimize process length [14], [19] Based on the results of the head-to-head comparison of
o Provide consistency and standards (18] finding problems with Nielsen’s versus our heuristics, we
o Exploit previous knowledge in the world if reasonable - . .
o Provide knowledge in the interface so that people do not have assert that our set Of heUI‘IStICS ShOWS pr0m|se fOI‘ evallgatl
remember it ___ assitive robotics applications.
Reduce motor processing time [9]
o Accommodate the ability to choose among access devices [14], [19]
o Support shortcuts [18] REFERENCES
Reduce mental processing cycles 0] [1] R. Molich and J. Nielsen, “Improving a Human-ComputeraDgue,”
OXS:. dsmpl_c; 'at%ge“aggr make mental translations (11] Communications of the ACM, vol. 33, no. 3, pp. 338-348, 1990.
gu;’p(')rt fI(X(it?ility tou match differing expectati:)ns 8] [2] C. Gutwin and S. Greenberg, “The Mechanics of CollaboratDevel-
o Provide multiple ways to access a function/complete a task oping Low Cost Usability Evaluation Methods for _Shared V\ﬁm;kc_:es.,,
o Provide user control and freedom of actions [18] in Proc. of the 9th IEEE Intl. Workshops on Enabling Technologies:
o Be consistent with how the human brain processes informatio Infrastructure for Collaborative Enterprises, 2000, pp. 98-103.
o Enable interface customization and retention of user'sepeaces [10] [3] J. Nielsen, “Enhancing the Explanatory Power of Usabilleuristics,”
Aid in perception 9] in Proc. of the SGCHI Conf. on Human Factors in Computing Systems,
o Provide aesthetic and minimalist design [18] 1994, pp. 152-158.
o Present content appropriately [10], [19] [4] C. Ling and G. Salvendy, “Extension of Heuristic Evaioat Method:
Ensure safety ) . | [l [20] A Review and ReappraisalFrgonomia IJE & HF, vol. 27, no. 3, pp.
o Ensure robot does not have a physical form that can induceyinj 179-197. 2005
o Ensure robot does not have behaviors that can induce injury [10], [13] 51 H. D - y d C. Wib “M f the G A
o Provide fail-safe mechanisms (5] H. esurvire an - Wiberg, a_ste!: o t ’e ame: Assegshp-
Prevent errors 18] proachability in Future Game Design,” i6HI *08 extended abstracts
o Provide context-sensitive help when asked [10] on Human Factprs n Computl_ng Systems, 2008, pp. 3177—3182_-
o Prevent capture errors [6] J. Drury, L. Riek, A. Christiansen, Z. Eyler-Walker, A.adgi, and
o Prevent description errors D. Smith, “Command and Control of Robot Teams,” Bnoc. of the
o Prevent mode errors Association of Unmanned Vehicles International (AUVS) Conf., 2003.
Maximize the user's trust i [71 K. M. Tsui, K. Abu-Zahra, R. Casipe, J. M'Sadoques, andLJ.
252:3: [ggg: SZ:;g:m: :2 2&;‘?‘3‘;&@‘3\,\3’?%’3{6 socialuet (15] Drury, “A Process for Developing Specialized Heuristicsas€ Study
o Provide feedback and interaction that matches technidhfied [16] in Assistive Robotlc_s, UnlverSIty. of Magsaohusetts Ldw@ech. Rep.
o Reduce anxiety 2009-11, 2009, Available at http://teaching.cs.uml.estiiirpts.

(8]
El

[10]

We conducted two heuristic evaluations of the keypad inter-
face of the Manus ARM with four individuals. Two evaluator$™™!
used our assistive robotics heuristics and the remainimg tw
used Nielsen’s heuristics [3]. Each evaluator began in thel
default folded state with the gripper closed. The evaluatas
asked to place an object inside a cup, which was upside dovas]
and return to the folded position when complete.

Using Nielsen’s heuristics, we found a total of 13 non[—l4]
duplicative errors. Using our assistive robotics heursstive
found a total of 33 non-duplicative errors. When probleni3d]
from the two evaluations were consolidated (eliminatingldu
cates), we identified a total of 39 problems; a full desooipti [16]
can be found in [7]. The heuristic evaluation using our dissis
technology heuristics uncovered 26 problems (67%) notdouhﬂ]
by Nielsen’s heuristics. There were 7 problems identified by
both types of heuristic evaluations, which is 18% (Fig. 2). [18]

We expected that there would be at least some overlap in thg
problems found because we incorporated some of Nielsen’s
heuristics into the assistive robotics heuristics. We etque
the number of problems found using the new set would
greater due to their greater specificity to assistive raisaind
the additional detail they provide, which is consistentwji].
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