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8.  Access to scienti!c knowledge should be as open as possible. Access 
restrictions need to be proportionate and justi!ed. They are only justi!able on 
the basis of the protection of human rights, national security, con!dentiality, 
the right to privacy and respect for human subjects of study, legal process 
and public order, the protection of intellectual property rights, personal 
information, sacred and secret indigenous knowledge, and rare, threatened or 
endangered species. Some data or code that is not openly available, accessible 
and reusable may nonetheless be shared among speci!c users according to 
de!ned access criteria made by local, national or regional pertinent governing 
instances. In cases where data cannot be openly accessible, it is important to 
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[1] UNESCO Recommendation on Open Science

“[Open scientific knowledge] also refers to the 
possibility of opening research methodologies 
and evaluation processes.”[1]

http://tiny.cc/t-osap-2023
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“Research transparency refers to honesty and 
clarity in all communications about the 
research processes and outcomes to the 
extent possible.”
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“[Open scientific knowledge] also refers to the 
possibility of opening research methodologies 
and evaluation processes.”[1]

[1] UNESCO Recommendation on Open Science 
[2] From a working article by Yvonne Jansen, Jan B. Vornhagen, Olga Iarygina, Kavous Salehzadeh Niksirat, Lonni Besançon, Pierre Dragicevic, Julien Gori, and Chat 
Wacharamanotham; This forthcoming article is based on “A Manifesto for Transparent Quantitative Research — Definition” by Wacharamanotham et al. in Report from 
Dagstuhl Seminar 22392: Transparent Quantitative Research as a User Interface Problem. https://doi.org/10.4230/DagRep.12.9.220

[2]

http://tiny.cc/t-osap-2023
https://en.unesco.org/science-sustainable-future/open-science/recommendation&usg=AOvVaw0mpcXQGARlNvXbH09wg__y
https://doi.org/10.4230/DagRep.12.9.220
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Research transparency
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Elliott (2022) A Taxonomy of Transparency in Science. Canadian 
Journal of Philosophy, 52: 3, 342–355The next dimension represented in Figure 1 is the content, which answers the questionwhat is to

be disclosed. The content is guided by the purpose for pursuing transparency and the needs of the
audience, so it is represented below those two dimensions in the figure. Some forms of content are
relatively straightforward and widely recognized as part of the open science movement: data,
methods, computer code, and materials. As emphasized earlier in this paper, another important
form of content would be value judgments of various sorts; these could be related to choices about
the questions asked, the categories or framing used (McKaughan and Elliott 2017), the background
assumptions adopted, and the standards of evidence demanded. Depending on their goals,
transparency initiatives could also be directed at revealing the values that caused (or could cause)
those judgments to be made in particular ways. These could include funding sources or personal
values of the researchers as well as institutional regulations or standards that influenced the research
process. In the case of scientific reports such as those produced by the Intergovernmental Panel on
Climate Change or by national academies of science, the underlying deliberations among the
authors of the reports could sometimes constitute another important form of content to disclose.
Finally, the implications of value judgments could also be important for some audiences. For
example, most members of the public are unlikely to want detailed information about all the
methodological choices made by researchers; instead, they would typically want the “take-home
message” about how reliable the methods were and whether the results could have been different if
alternative methods had been used.

Finally, Figure 1 lists four different dimensions that help answer the question how information
should be provided. These four dimensions are placed at the bottom of the figure to demonstrate
that they are guided by the dimensions above (purpose, audience, and content). For example,
consider various options for the timeframe during which information is provided (see Table 1).
Information could be provided before research commences, during the research process, after
research is complete but before publication, when the results are published, or after publication. If
the purpose of transparency is to assist decisionmakers, theymay need the opportunity to influence
research projects before the projects begin so that the right questions are asked and the best
methodologies are employed. Discussing research projects in their early stages is especially
important if they are expensive projects that are unlikely to be repeated; in such cases, it is important
to get the study design “right” the first time (Brown 2010). Disclosing research plans in advance is
also an important strategy for making science more reproducible; it is easier to prevent scientists

Figure 1. A representation ofmultiple dimensions across which transparency initiatives can vary, organized according to four
questions.

346 Kevin C. Elliott

/ 7   0 .  107/ 10 2 0 . 0: 70 77

“Research transparency refers to honesty and 
clarity in all communications about the 
research processes and outcomes to the 
extent possible.”

http://tiny.cc/t-osap-2023
http://doi.org/10.1017/can.2020.21
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Transparency through  
visualizing research data

5
This section is based on the open materials of the courses presented at CHI 2022–23  
by Chat Wacharamanotham, Fumeng Yang, Abhraneel Sarma, Xiaoying Pu, and Lace Padilla. https://osf.io/27r5z

http://tiny.cc/t-osap-2023
https://osf.io/27r5z


Intervals (95% CI) 

What can you say about these two 95% confidence intervals?

6



Intervals (95% CI) Distributions

Summaries can obscure important relationships in distributional data 
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Visualizing uncertainty in the results
Expressiveness principle: the visual representation should represent all and only 
the relationships that exist in the data1,2 

Expressiveness is a proxy to transparency

[1]  Mackinlay, J. (1986). Automating the design of graphical presentations of relational information.  
[2] Munzner, T. (2014). Visualization analysis and design. CRC press.

8

http://tiny.cc/t-osap-2023
http://dx.doi.org/10.1145/22949.22950
https://www.taylorfrancis.com/books/mono/10.1201/b17511/visualization-analysis-design-tamara-munzner
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expressiveness

Liu et al., 2018 (IEEE VIS)

Visualizations of data can vary on a spectrum of expressiveness 
Choices of visualization is an aspect of research transparency

9

http://tiny.cc/t-osap-2023
https://doi.org/10.1109/TVCG.2018.2865193
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Would you stay  
or evacuate? 

Liu et al., 2018 (IEEE VIS) 
Padilla et al., 2018 (CRPI)

Usable visualizations 
support users in making 

accurate inferences

https://doi.org/10.1109/TVCG.2018.2865193
https://doi.org/10.1109/TVCG.2018.2865193
https://doi.org/10.1186/s41235-018-0120-9
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Dietary Reference Intakes (DRIs): Recommended Dietary Allowances and Adequate Intakes, Vitamins

Food and Nutrition Board, Institute of Medicine, National Academies

Life Stage
Group

Vitamin A
(µg/d)

Vitamin C
(mg/d)

Vitamin D
(µg/d)

Vitamin E
(mg/d)

Vitamin K
(µg/d)

Thiamin
(mg/d)

Riboflavin
(mg/d)

Niacin
(mg/d)

Vitamin B
(mg/d)

Folate
(µg/d)

Vitamin B
(µg/d)

Pantothenic Acid
(mg/d)

Biotin
(µg/d)

Choline
(mg/d)

Infants

 0–6 mo 400* 40* 10* 4* 2.0* 0.2* 0.3* 2* 0.1* 65* 0.4* 1.7* 5* 125*

 6–12 mo 500* 50* 10* 5* 2.5* 0.3* 0.4* 4* 0.3* 80* 0.5* 1.8* 6* 150*

Children

 1–3 y 300 15 15 6 30* 0.5 0.5 6 0.5 150 0.9 2* 8* 200*

 4–8 y 400 25 15 7 55* 0.6 0.6 8 0.6 200 1.2 3* 12* 250*

Males

 9–13 y 600 45 15 11 60* 0.9 0.9 12 1.0 300 1.8 4* 20* 375*

 14–18 y 900 75 15 15 75* 1.2 1.3 16 1.3 400 2.4 5* 25* 550*

 19–30 y 900 90 15 15 120* 1.2 1.3 16 1.3 400 2.4 5* 30* 550*

 31–50 y 900 90 15 15 120* 1.2 1.3 16 1.3 400 2.4 5* 30* 550*

 51–70 y 900 90 15 15 120* 1.2 1.3 16 1.7 400 2.4 5* 30* 550*

 > 70 y 900 90 20 15 120* 1.2 1.3 16 1.7 400 2.4 5* 30* 550*

Females

 9–13 y 600 45 15 11 60* 0.9 0.9 12 1.0 300 1.8 4* 20* 375*

 14–18 y 700 65 15 15 75* 1.0 1.0 14 1.2 400 2.4 5* 25* 400*

 19–30 y 700 75 15 15 90* 1.1 1.1 14 1.3 400 2.4 5* 30* 425*

 31–50 y 700 75 15 15 90* 1.1 1.1 14 1.3 400 2.4 5* 30* 425*

 51–70 y 700 75 15 15 90* 1.1 1.1 14 1.5 400 2.4 5* 30* 425*

 > 70 y 700 75 20 15 90* 1.1 1.1 14 1.5 400 2.4 5* 30* 425*

Pregnancy

 14–18 y 750 80 15 15 75* 1.4 1.4 18 1.9 600 2.6 6* 30* 450*

 19–30 y 770 85 15 15 90* 1.4 1.4 18 1.9 600 2.6 6* 30* 450*

 31–50 y 770 85 15 15 90* 1.4 1.4 18 1.9 600 2.6 6* 30* 450*

Lactation

 14–18 y 1,200 115 15 19 75* 1.4 1.6 17 2.0 500 2.8 7* 35* 550*

 19–30 y 1,300 120 15 19 90* 1.4 1.6 17 2.0 500 2.8 7* 35* 550*

 31–50 y 1,300 120 15 19 90* 1.4 1.6 17 2.0 500 2.8 7* 35* 550*

NOTE: This table (taken from the DRI reports, see www.nap.edu) presents Recommended Dietary Allowances (RDAs) in bold type and Adequate Intakes (AIs) in ordinary type followed by an asterisk (*). An
RDA is the average daily dietary intake level sufficient to meet the nutrient requirements of nearly all (97–98 percent) healthy individuals in a group. It is calculated from an Estimated Average Requirement
(EAR). If sufficient scientific evidence is not available to establish an EAR, and thus calculate an RDA, an AI is usually developed. For healthy breast-fed infants, an AI is the mean intake. The AI for other life
stage and gender groups is believed to cover the needs of all healthy individuals in the groups, but lack of data or uncertainty in the data prevent being able to specify with confidence the percentage of
individuals covered by this intake.

As retinol activity equivalents (RAEs). 1 RAE = 1 µg retinol, 12 µg β-carotene, 24 µg α-carotene, or 24 µg β-cryptoxanthin. The RAE for dietary provitamin A carotenoids is two-fold greater than retinol
equivalents (REs), whereas the RAE for preformed vitamin A is the same as RE.
As cholecalciferol. 1 µg cholecalciferol = 40 IU vitamin D.
Under the assumption of minimal sunlight.
As α-tocopherol. α-tocopherol includes RRR-α-tocopherol, the only form of α-tocopherol that occurs naturally in foods, and the 2R-stereoisomeric forms of α-tocopherol (RRR-, RSR-, RRS-, and RSS-α-
tocopherol) that occur in fortified foods and supplements. It does not include the 2S-stereoisomeric forms of α-tocopherol (SRR-, SSR-, SRS-, and SSS-α-tocopherol), also found in fortified foods and
supplements.
As niacin equivalents (NE). 1 mg of niacin = 60 mg of tryptophan; 0–6 months = preformed niacin (not NE).
As dietary folate equivalents (DFE). 1 DFE = 1 µg food folate = 0.6 µg of folic acid from fortified food or as a supplement consumed with food = 0.5 µg of a supplement taken on an empty stomach.
Although AIs have been set for choline, there are few data to assess whether a dietary supply of choline is needed at all stages of the life cycle, and it may be that the choline requirement can be met by
endogenous synthesis at some of these stages.
Because 10 to 30 percent of older people may malabsorb food-bound B , it is advisable for those older than 50 years to meet their RDA mainly by consuming foods fortified with B  or a supplement
containing B .
In view of evidence linking folate intake with neural tube defects in the fetus, it is recommended that all women capable of becoming pregnant consume 400 µg from supplements or fortified foods in addition
to intake of food folate from a varied diet.
It is assumed that women will continue consuming 400 µg from supplements or fortified food until their pregnancy is confirmed and they enter prenatal care, which ordinarily occurs after the end of the
periconceptional period—the critical time for formation of the neural tube.

SOURCES: Dietary Reference Intakes for Calcium, Phosphorous, Magnesium, Vitamin D, and Fluoride (1997); Dietary Reference Intakes for Thiamin, Riboflavin, Niacin, Vitamin B , Folate, Vitamin B ,
Pantothenic Acid, Biotin, and Choline (1998); Dietary Reference Intakes for Vitamin C, Vitamin E, Selenium, and Carotenoids (2000); Dietary Reference Intakes for Vitamin A, Vitamin K, Arsenic, Boron,

Chromium, Copper, Iodine, Iron, Manganese, Molybdenum, Nickel, Silicon, Vanadium, and Zinc (2001); Dietary Reference Intakes for Water, Potassium, Sodium, Chloride, and Sulfate (2005); and Dietary

Reference Intakes for Calcium and Vitamin D (2011). These reports may be accessed via www.nap.edu.

From: Summary Tables

Dietary Reference Intakes for Calcium and Vitamin D.
Institute of Medicine (US) Committee to Review Dietary Reference Intakes for Vitamin D and Calcium; Ross AC, Taylor CL, Yaktine AL, et al., editors.
Washington (DC): National Academies Press (US); 2011.

Copyright © 2011, National Academy of Sciences.

NCBI Bookshelf. A service of the National Library of Medicine, National Institutes of Health.
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Dietary reference intake (Food and Nutrition Board, Institute of Medicine, National Academies)

https://www.ncbi.nlm.nih.gov/books/NBK56068/table/summarytables.t2/?report=objectonly


12 Dietary reference intake (Julius Senegal)

https://commons.wikimedia.org/wiki/File:Dietary_Reference_Intakes.svg
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Uncertainty matters
Without uncertainty, viewers may come to incorrect conclusions about the data. 

Showing uncertainty: 
● Increases scientific credibility 
● Increases trust 
● Let them tune their expectations and assumptions correctly

13

Usable visualizations support users in making accurate inferences 
Showing uncertainty contributes to usability

http://tiny.cc/t-osap-2023


Median + 
95% CI

expressiveness
usability

viz.covid19forecasthub.org | Reich Lab of the University of Massachusetts Amherst Padilla et al., 2022 (Nature, Scientific Reports)14

http://viz.covid19forecasthub.org
https://doi.org/10.1038/s41598-022-05353-1
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15 Padilla et al., 2022 (Nature, Scientific Reports)viz.covid19forecasthub.org | Reich Lab of the University of Massachusetts Amherst 
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16 Padilla et al., 2022 (Nature, Scientific Reports)viz.covid19forecasthub.org | Reich Lab of the University of Massachusetts Amherst 
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Research transparency through visualization

Balancing tradeoffs between: 
Expressiveness: Faithfully represent the data, and 
Usability: Support users in making accurate inferences from the data 

No single best answer 
Consider context, data set, and audience when making these decisions

18
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Bridge charts to text with annotations
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Fig. 5. Experiment results for the mean estimation tasks: posterior probability densities, mean and 95% credible intervals for bias and precision for
an average participant in each representation condition (left). We compare the difference in bias and precision compared to the baseline (right) and
estimate the probability of improvement for each representation condition.

values (Fig. 6). As such we compare the cumulative probability for
an average participant to respond to an item 3 or greater on the Likert-
style question, Pr(� 3) for each representation condition. The average
participant was likely to be most confident in the no imputation condi-
tion, with Pr(� 3) = 64%. Presenting imputations without uncertainty
(mean condition) results in slightly less confidence, compared to the
baseline, with Pr(� 3) = 52%. The other representation conditions
which explicitly encode uncertainty information result in even lesser
confidence in their response, with Pr(� 3) = 31%,33%,38% and 46%
for CI, HOPs, density and gradient conditions respectively.

5.2 Trend estimation task

Unlike in the average estimation task, for trend estimation, we observe
a larger and sometimes inconsistent effect of proportion on the quality
of participants’ responses. Hence, in the following sections, we look at
the results separately for each level of proportion.

A. Bias in participants’ responses (trend estimation)

The average participant, in all representation conditions, at both levels
of proportion appears to systematically overestimate the trend in the
data (Fig. 7A). At lower levels of missing data proportion, only the

Fig. 6. Experiment results for participants’ confidence in their responses
for the trend estimation task

mean condition may reduce bias in responses, with an estimated proba-
bility of 88%, compared to the baseline. When compared to the baseline
condition, the average participant’s responses in gradient and HOPs
were likely to be just as biased when shown; however, the responses in
density and CI conditions may likely become more biased. At higher
levels of missing data proportion, only the HOPs condition may reduce
the bias in responses, with an estimated probability of 91%, compared
to the baseline. The average participant in all the other representation
conditions may exhibit increased bias in their responses.

B. Precision of participants’ responses (trend estimation)
For the average participant, when the proportion of missing data in-
creases, precision will likely decrease in the baseline, mean, and CI
conditions, while it may remain similar in the HOPs, gradient, and
density conditions (Fig. 7B). The average participant was most precise
when presented with HOPs, at both levels of proportion. Compared to
the baseline, HOPs is more likely to result in more precise responses
with an estimated probability of 79% and 99% when the proportion of
missing values is 30% and 50% respectively. All the other representa-
tion conditions will either not improve precision (mean), or may lead
to less precision (gradient, density, CI).

C. Self reported confidence (trend estimation)
Compared to the average estimation task, the average participant ap-
pears to be more confident in their responses when performing the trend
estimation task, as indicated by the greater estimated probability of
responding 3 or higher on the Likert-style question across all repre-
sentation conditions (Fig. 8). The average participant is likely to have
similar confidence in the no imputation condition (Pr(� 3) = 66%),
as the mean (Pr(� 3) = 67%) condition, while they are likely to be
only marginally less confident in gradient (Pr(� 3) = 64%), and HOPs
(Pr(� 3) = 58%) conditions.

6 DISCUSSION

The effect of imputating and encoding imputations with uncertainty
in a chart can vary based on the task, and in some cases, the amount
of missing data. In the following, we discuss how our findings may
impact the design of charts for data with missing values.

Sarma, A., Guo, S., Hoffswell, J., Rossi, R., Du, F., Koh, E., & Kay, M. (2022). Evaluating the use of uncertainty visualisations for imputations of data missing at random 
in scatterplots. IEEE Transactions on Visualization and Computer Graphics, 29(1), 602-612.

http://tiny.cc/t-osap-2023
https://doi.org/10.1109/TVCG.2022.3209348
https://doi.org/10.1109/TVCG.2022.3209348
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The effects of election forecast visualizations over time
Overview: average partisan leaning and visualizations (from Oct. 29, 2022 to Nov. 18, 2022)

The effects of visualizations and partisan leaning
Details: breakdowns by visualizations or people’s partisan leaning (Nov. 8, 2022)
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7

The differences are reported as median [95% CI].

In this overview, we observe the following: 1 when a Democratic can-
didate is predicted to win (i.e., the expected winner), seeing forecast
visualizations can decrease people’s negative emotions by -0.30 [-0.45,
-0.15] Likert points, increase positive emotions by 0.35 [0.19, 0.51], make
people feel more surprised by 0.74 [0.44, 1.02], and 3 improve cogni-
tive trust by 0.50 [0.38, 0.62]. 2 After elections, a correct forecast can
decrease negative emotions by -0.28 [-0.39, -0.16], increase positive emo-
tions by 0.49 [0.37, 0.62], make people feel less surprised by -0.46 [-0.70,
-0.22], and 4 increase both cognitive (0.82 [0.74, 0.92]) and affective (0.44
[0.26, 0.64]) trust. Also, after elections, people think that 5 they and
their peers are slightly more likely to contribute to campaigns (e.g.,
0.18 [0.026, 0.37]). The effects are similar when a Republican candidate
is predicted to win, but we see 6 almost no change in negative emo-
tions, smaller increases in surprised emotions (0.32 [-0.01, 0.63]), but 8

larger increases in cognitive trust (0.82 [0.68, 0.96] cf. 3 ).
In sum, election forecast visualizations can . . . . . . . .change. . . . . . . . . . . .people’s

. . . . . . . . . .emotions and . . . . . . . . . .increase . . . . . .their. . . . . .trust. . .in. . . . . . . . . . .forecasts; after elections, people
also change their emotions, trust, and slightly their intentions to par-
ticipate in future elections. These changes are much larger than those
caused by time alone (e.g., 7 between Oct. 29 and Nov. 8).

We dive into Nov. 8, 2022 (0 in our model) for a deeper investigation.
Visualization effects
We observe the following: 2-Interval generally shows the strongest ef-
fects, especially when a Republican candidate is predicted to win. It in-
creases negative emotions (e.g., 11 0.28 [0.039, 0.50] Likert points more
than Plinko), cognitive and affective trust (e.g., 15 0.29 [0.12, 0.48] and
17 0.55 [0.062, 1.07] more than Plinko), voting intention (e.g., 19 0.78

[0.31, 1.30] more than 1-Dotplot), perceived peers’ voting intention (e.g.,
20 0.66 [0.14, 1.07] more than 1-Dotplot), intention for campaign contri-
bution (e.g., 22 0.35 [0.059, 0.68] more than Plinko), and perceived peers’
intention for campaign contribution (e.g., 23 0.32 [0.00, 0.66] more than
Plinko), but 2-Interval results in the least surprised emotions (e.g., 14

-0.36 [-0.81, 0.08] less than Plinko). 1-Dotplot makes people feel 12 the
most surprised when a Democratic candidate is predicted to win, but
the least surprised when a Republican candidate is predicted to win; it
also gains people’s affective trust (e.g., 16 0.58 [0.010, 1.09] more than
Plinko), but is perceived as the least likely to increase voting inten-
tion (e.g., 18 -0.73 [-1.21, -0.23] less than 2-Dotplot). 1-Dotplot also in-
creases cognitive trust the most in wave 3 (see supplements). Plinko
makes people feel the most positive (e.g., 9 0.31 [0.051, 0.54] more than
2-Dotplot), the least negative when a Republican candidate is predicted
to win (e.g., 10 -0.28 [-0.50, -0.039] less than 2-Dotplot). In sum, the dif-
ferences in visualizations are . . . . . .small . . . .but. . . . . . . . . . . . . .substantial, and . . . . .they. . . . . . . . . .interact
. . . . .with. . . .the. . . . . . . . .effects . . .of . . . . . . .which. . . . . . .party. . .is . . . . . . . . . . .predicted. . .to . . . . .win.

Partisan effects
Republicans 26 feel more positively and 34 35 trust the forecasts more
when their candidate is predicted to win, compared to how Democrats
feel when a Democratic candidate is predicted to win. That said, Re-
publicans’ cognitive trust is affected by which party is predicted to
win. Democrats 30 feel more negatively about the opposite party pre-
dicted to win than Republicans do. 31 Both Democrats and Republi-
cans feel more surprised when a Democratic candidate is predicted
to win than when a Republican candidate is predicted to win. In sum,
both Democrats and Republicans are . . . . . . . .biased . . . . . .when. . . .the. . . . . . . . . .forecast. . . . . . . . . .predicts
.a. . . . . . . . . . . . . .Republican. . . . . . . . . . . .candidate . .is. . . . . . . .going . .to. . . . .win, but in different ways.

Interactions between visualization and partisanship
1-Dotplot creates large differences between the two parties in 24 posi-
tive emotions, 27 negative emotions, and 32 cognitive trust. 2-Interval
shows similar effects and makes Republicans think 36 their peers
are more likely to vote for their party winning than what it does to
Democrats. 2-Dotplot appears to mitigate these partisan differences in
25 positive and 28 negative emotions, and 33 cognitive trust.
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The effects of election forecast visualizations over time
Overview: average partisan leaning and visualizations (from Oct. 29, 2022 to Nov. 18, 2022)

The effects of visualizations and partisan leaning
Details: breakdowns by visualizations or people’s partisan leaning (Nov. 8, 2022)
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The differences are reported as median [95% CI].

In this overview, we observe the following: 1 when a Democratic can-
didate is predicted to win (i.e., the expected winner), seeing forecast
visualizations can decrease people’s negative emotions by -0.30 [-0.45,
-0.15] Likert points, increase positive emotions by 0.35 [0.19, 0.51], make
people feel more surprised by 0.74 [0.44, 1.02], and 3 improve cogni-
tive trust by 0.50 [0.38, 0.62]. 2 After elections, a correct forecast can
decrease negative emotions by -0.28 [-0.39, -0.16], increase positive emo-
tions by 0.49 [0.37, 0.62], make people feel less surprised by -0.46 [-0.70,
-0.22], and 4 increase both cognitive (0.82 [0.74, 0.92]) and affective (0.44
[0.26, 0.64]) trust. Also, after elections, people think that 5 they and
their peers are slightly more likely to contribute to campaigns (e.g.,
0.18 [0.026, 0.37]). The effects are similar when a Republican candidate
is predicted to win, but we see 6 almost no change in negative emo-
tions, smaller increases in surprised emotions (0.32 [-0.01, 0.63]), but 8

larger increases in cognitive trust (0.82 [0.68, 0.96] cf. 3 ).
In sum, election forecast visualizations can . . . . . . . .change. . . . . . . . . . . .people’s

. . . . . . . . . .emotions and . . . . . . . . . .increase . . . . . .their. . . . . .trust. . .in. . . . . . . . . . .forecasts; after elections, people
also change their emotions, trust, and slightly their intentions to par-
ticipate in future elections. These changes are much larger than those
caused by time alone (e.g., 7 between Oct. 29 and Nov. 8).

We dive into Nov. 8, 2022 (0 in our model) for a deeper investigation.
Visualization effects
We observe the following: 2-Interval generally shows the strongest ef-
fects, especially when a Republican candidate is predicted to win. It in-
creases negative emotions (e.g., 11 0.28 [0.039, 0.50] Likert points more
than Plinko), cognitive and affective trust (e.g., 15 0.29 [0.12, 0.48] and
17 0.55 [0.062, 1.07] more than Plinko), voting intention (e.g., 19 0.78

[0.31, 1.30] more than 1-Dotplot), perceived peers’ voting intention (e.g.,
20 0.66 [0.14, 1.07] more than 1-Dotplot), intention for campaign contri-
bution (e.g., 22 0.35 [0.059, 0.68] more than Plinko), and perceived peers’
intention for campaign contribution (e.g., 23 0.32 [0.00, 0.66] more than
Plinko), but 2-Interval results in the least surprised emotions (e.g., 14

-0.36 [-0.81, 0.08] less than Plinko). 1-Dotplot makes people feel 12 the
most surprised when a Democratic candidate is predicted to win, but
the least surprised when a Republican candidate is predicted to win; it
also gains people’s affective trust (e.g., 16 0.58 [0.010, 1.09] more than
Plinko), but is perceived as the least likely to increase voting inten-
tion (e.g., 18 -0.73 [-1.21, -0.23] less than 2-Dotplot). 1-Dotplot also in-
creases cognitive trust the most in wave 3 (see supplements). Plinko
makes people feel the most positive (e.g., 9 0.31 [0.051, 0.54] more than
2-Dotplot), the least negative when a Republican candidate is predicted
to win (e.g., 10 -0.28 [-0.50, -0.039] less than 2-Dotplot). In sum, the dif-
ferences in visualizations are . . . . . .small . . . .but. . . . . . . . . . . . . .substantial, and . . . . .they. . . . . . . . . .interact
. . . . .with. . . .the. . . . . . . . .effects . . .of . . . . . . .which. . . . . . .party. . .is . . . . . . . . . . .predicted. . .to . . . . .win.

Partisan effects
Republicans 26 feel more positively and 34 35 trust the forecasts more
when their candidate is predicted to win, compared to how Democrats
feel when a Democratic candidate is predicted to win. That said, Re-
publicans’ cognitive trust is affected by which party is predicted to
win. Democrats 30 feel more negatively about the opposite party pre-
dicted to win than Republicans do. 31 Both Democrats and Republi-
cans feel more surprised when a Democratic candidate is predicted
to win than when a Republican candidate is predicted to win. In sum,
both Democrats and Republicans are . . . . . . . .biased . . . . . .when. . . .the. . . . . . . . . .forecast. . . . . . . . . .predicts
.a. . . . . . . . . . . . . .Republican. . . . . . . . . . . .candidate . .is. . . . . . . .going . .to. . . . .win, but in different ways.

Interactions between visualization and partisanship
1-Dotplot creates large differences between the two parties in 24 posi-
tive emotions, 27 negative emotions, and 32 cognitive trust. 2-Interval
shows similar effects and makes Republicans think 36 their peers
are more likely to vote for their party winning than what it does to
Democrats. 2-Dotplot appears to mitigate these partisan differences in
25 positive and 28 negative emotions, and 33 cognitive trust.

Yang, F., et al. (2023). Swaying the Public? Impacts of Election Forecast Visualizations on Emotion, Trust, and Intention in the 2022 US Midterms. To appear in IEEE TVCG 2024
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Image from Grudin (2007) From Tool to Partner: The Evolution of Human-Computer Interaction. Morgan and Claypool.

65

!e Shifting Focus of Interface Development

Figure 8.2: !e principal locus of hands-on users’ attention to the computer interface changed 
over time.

!e evolution of HCI from the engineering and computer science perspective is re"ected 
in Figure 8.2, taken from my 1990 paper, “!e Computer Reaches Out.” Engineers and op-
erators initially interacted at the hardware level, connecting cables, setting switches, loading 
tapes, and so on. Software programs then became the dominant interaction medium. With 
terminals, the interface moved to the display and keyboard; in the late 1980s, with satisfactory 
perceptual and motor solutions in hand for many tasks, cognitive aspects moved to the fore. 
!e #fth focus, support for group activity, was spotlighted by CSCW and grew in salience.

!e #gure does not include organizations. IS research started earlier with an organiza-
tional focus. A mainframe was acquired to meet enterprise goals. Eventually, minicomputers 
and networked microcomputers supported divisions and groups within organizations. As 
CHI moved from 4 to 5 in Figure 8.2, IS moved from the unseen 6 (organizations) to 5. IS 
and CHI researchers converged at the #rst two CSCW conferences. 

!e anthropomorphic metaphor of computers reaching out was intended to spur 
re"ection and the realization that, in fact, the people and organizations described in this 
book did the painstaking work to extend the reach of the technology. !e computer is not 
an alien life-form, it comes to re"ect what we have learned about ourselves and how we work.

8.5 PARTICIPATORY DESIGN AND ETHNOGRAPHY
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23 Google Blog (2010) What’s different about the new Google Docs? 
Dourish, P., & Bellotti, V. (1992, December). Awareness and coordination in shared workspaces. In Proceedings of the 1992 ACM conference on Computer-supported cooperative work (pp. 107-114)

2010

2006 Google Document beta based on “Writely”

1992 A study from Paul Dourish and Victoria Bellotti found that 

awareness of others’ cursor position in workspace improved 

collaboration

1992 Laura McGuffin and Gary Olson developed “ShrEdit”: a real-time 

synchronous  editor running on a network of Apple Macintoshes

1993 A study from Judith Olson and colleagues show that brainstorming 

with ShrEdit as a secondary channel yielded better ideas

http://tiny.cc/t-osap-2023
https://drive.googleblog.com/2010/05/whats-different-about-new-google-docs.html
https://doi.org/10.1145/143457.143468
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Our own research is based upon an ethnographic study in
which we followed a team of controllers through their
schedule for a period of four months. We were
particularly interested in the role of paper flight strips and
our observations match those described in the English
system (with some interesting cultural differences.) The
next step is to build a series of design prototypes. We
have chosen to pursue a different design direction than in
the English studies and are exploring an approach called
"Augmented Reality" (Wellner, Mackay & Gold, 1993,
Mackay, 1996). The goal is to preserve and augment
rather than replace existing real-world artifacts. In our
specific case, we are trying to create a system that
preserves the flexibility and subtlety of the paper flight
strips, while capturing information that will be useful in
tools that aid the controllers.

To be successful, we must draw upon techniques from a
variety of research and design disciplines. We must
understand as much as we can about the actual activities
of controllers and their current interaction with paper
flight strips, in both qualitative and quantitative terms.
We must generate new design ideas, using researchers,
designers and users (controllers) to provide innovations.
Finally, we must be able to distinguish among different
design possibilities and select those that make the most
sense in the current context.

The techniques require the full range of disciplines found
in HCI. The next section presents a framework that
describes them and discusses their underlying
assumptions, placing them within a unified context for
design.

NATURAL SCIENCE, DESIGN AND HCI
Human-computer interaction, like other multidisciplinary
fields, borrows techniques from its component disciplines
and must determine how they relate to each other. While
it may be appropriate for some to engage in heated
debates about competing approaches, it is rare to find a
designer who finds this useful. What is more important is
to understand enough about each approach and the
corresponding assumptions to be able to choose which is
most appropriate for addressing a particular design
problem.

Psychology Sociology Anthropology

Industrial
Design

Typography Graphic
Design

Engineering, Design & Fine Arts

HCIHuman
Factors

Computer
Science

Natural & Social Sciences

Figure 1: Human-computer interaction, like human factors
and computer science, is a multidisciplinary field that draws
from both scientific and design disciplines.

Figure 1 presents some of the component disciplines that
contribute to the study of human computer interaction.

The full range of natural and social sciences is represented
by the box at the top. Although they differ greatly in
subject matter and specific methods, they all derive their
basic values and assumptions from a general model that
governs all scientific disciplines. The corresponding box
at the bottom represents schools of Fine Arts and the
engineering and design disciplines. These also differ
greatly in subject matter and specific methods, but share
the goal of creating new artifacts.

The sciences are divided into separate disciplines, such as
Psychology, Sociology and Anthropology, represented by
rounded rectangles. Scientists within these disciplines
operate within paradigms (Kuhn, 1962, Latour, 1987),
that dictate which questions are considered "interesting"
and which specific methods can be used to address those
questions. Within any branch or sub-area, researchers can
range from highly theoretical to highly applied. Various
engineering and design disciplines, including Graphic
Design, Typography and Industrial Design are also
represented by rounded rectangles. Designers and artists in
particular operate within schools that dictate aesthetics
and "style".

The ovals in the center represent multidisciplinary fields.
Each multidisciplinary field draws concepts and methods
from particular branches (shown as small circles) of its
component scientific and design disciplines. For example,
HCI borrows from Cognitive Psychology and
Ethnography (branches of Psychology and Anthropology)
as well as typeface design (a branch of Typography).
HCI also draws from other multidisciplinary fields,
particularly Human Factors and Computer Science. The
latter can be considered one of the "Sciences of the
Artificial" (Simon, 1969), yet still requires aspects of
engineering and design.

Figure 1 is not meant to be exhaustive, but rather to
illustrate why HCI is neither a scientific nor a design
discipline, but actively incorporates aspects of both.
Although similar in some respects, science and design
differ in many assumptions and values. For example,
while both scientists and designers are trained in an
apprenticeship, the measures of success are quite different.
A science graduate student works in a laboratory with a
senior scientist; develops an original thesis and conducts
original research to support that thesis, which is
evaluated by other senior scientists. The terminal degree
is a Ph.D. and the expected career path is to become
either a professor or a research scientist in an industrial
laboratory (such as Bell Labs or Xerox PARC) or a
government laboratory (such as the American National
Institute of Health or the French Centre National de la
Recherche Scientifique). Design students usually work in
design studios with other designers. Engineering and
computer science students usually have internships where
they work with senior engineers in industry.  Students
create a variety of artifacts, some assigned as learning
exercises and some in the context of real projects. The
terminal academic degree for a designer is usually a
Master's degree, which is awarded based upon a
portfolio or collection of previous work. Computer
programmers similarly demonstrate their prowess based
on programs created for class projects or products
developed during internships.

Mackay, W. E., & Fayard, A. L. (1997, August). HCI, natural science and design: a framework for triangulation across disciplines. In Proceedings of the 2nd 
conference on Designing interactive systems: processes, practices, methods, and techniques (pp. 223-234).
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Replicability

27

Reproducibility

Closely matched method  
+ 

New data  
= 

Consistent results

Same data analysis method 
+ 

Same data  
= 

Same results

According to Clearbout terminology, which differs from ACM’s terminology See discussion in Plesser HE (2018) Reproducibility vs. Replicability: A Brief History of a 
Confused Terminology. Front. Neuroinform. 11:76.

Reproducibility is a lower bar, but still important 
for evaluating the claims of research results

http://tiny.cc/t-osap-2023
http://doi.org/10.3389/fninf.2017.00076
http://doi.org/10.3389/fninf.2017.00076
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“If researchers want to use data or code 
from my paper, they can contact me”
A team of psychology researchers 
requested data from the authors of 
141 articles published in prestigious 
psychology journals in the previous 
year. 

27% success rate

28 Wicherts et al. The poor availability of psychological research data for reanalysis. American Psychologist 61, 7 (2006), 726 – 728.
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Researchers from the field of biology 
requested data from 516 articles 
published between 2–20 years 

The odds of data still exist fall 17% per 
year

29 Vines et al. The Availability of Research Data Declines Rapidly with Article Age. Current Biology 24, 1 (2019), 94–97.

P(data still exist | author responded to the request)

“If researchers want to use data or code 
from my paper, they can contact me”

http://tiny.cc/t-osap-2023
https://doi.org/10.1016/j.cub.2013.11.014
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A meta-analysis of highly-cited HCI text-entry 
experiments 
23 papers published in 2008–2020 
• 9 complete information for meta analysis 
• 5 provided information upon email request 
• 9 no/partial responses

30 Obukhova, N.. 2021. A Meta-Analysis of Eect Sizes of CHI Typing Experiments. In CHI ’21 Extended Abstracts), May 8–13, 2021, Yokohama, Japan. ACM.

“If researchers want to use data or code 
from my paper, they can contact me”

http://tiny.cc/t-osap-2023
https://doi.org/10.1145/3411763.%203451520
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HCI research materials
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We asked authors of CHI 2018–19
• What types of research artifacts they generate? 
• If they share it, how? 
• If not, why? 

460 responses out of 1356 invitations 
34% response rate! (quite high)
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← 2018

← 2019
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Niksirat et al. (2023)

Survey to authors of CHI 2018, 2019

Wacharamanotham et al. (2020) 

Content analysis of papers from 
CHI 2017, 2022  

Mapped to equivalent categories on the left

Percents of respondents Percents of sampled papers
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Have CHI papers improved in transparency?

35 Niksirat, K. et al. (2023). Changes in Research Ethics, Openness, and Transparency in Empirical Studies between CHI 2017 and CHI 2022. In Proceedings of CHI 2023

← 2018

← 2019

Self-report survey:

← 2017
← 2022

Content of sampled papers:

Processed data (Qual.)

Processed data (Quant.)

Changes in Research Ethics, Openness, and Transparency in Empirical CHI Studies CHI ’23, April 23–28, 2023, Hamburg, Germany 
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Figure 7: Transparency practices: (Left) The di�erence in CI of the proportions between CHI’17 and CHI’22. CI on the right of 
the red line indicates improvements in CHI’22. (Right) Proportion of sampled papers meeting each of the transparency-related 
criterion. n represents the number of papers applicable to each criterion. 

As a preliminary investigation, we used the vulnerability of study plot in Figure 8 to emphasize a di�erence in the number of papers 
participants as a proxy for ethical concerns. We divided all sampled for the two groups. We found that 17% of the papers with non-
papers into two groups: those with vs. without study participants vulnerable participants shared at least one type of data: either 
from a vulnerable population (71 vs. 174 papers). We compared the raw or processed and qualitative or quantitative. Only 8% of the 
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The Problem

The problem is that the above design can 
only be as good as that particular idea. If 
the idea is not a good one, then the ‘best’ 
design solution will only be so-so.  Consider 
the ! gure on the right, which envisages 
how other design ideas may have fared in 
the design space.

No matter how hard you work on that ! rst 
idea, you won’t get to other potentially 
better ideas. The point is that if you 
consider many ideas rather than a single 
one, you may ! nd a better overall solution. 
Computer Scientists even have a name for 
this problem: local hill climbing, where 
the local maxima is potentially much less 
than the optimal (the global) maxima.  

To illustrate, consider cell phone design. For years, 
cell phones were based on the design idea of 
a physical keyboard and screen. They evolved 
considerably. Yet it was a di" erent idea – the 
cell phone with a touch display and no physical 
keyboard – that radically moved cell phone design 
into a new direction and created a new market.

GETTING THE DESIGN RIGHT
Getting the design right is about starting with a single design idea – usually the ! rst idea you 
generate (left ! gure), and then continually evolving, improving, and developing it (right ! gure).  
As seen in the ! gure, we can think of the design space of an idea as a 3D hill. The best possible 
design of the idea is at the hill’s peak, and other lesser designs are below. The goal is to discover 
the optimal design solution for that idea, ie, to get as close to the peak as possible. This is iterative 
design, and how most engineers and software developers are trained to think about design.  
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artifacts. The study of dynamic phenomena, such as
human learning, is already problematic for the social
sciences (Sidman 1977). HCI compounds the problem by
constantly changing the underlying technology being
studied. Even more difficult is the finding that the
interaction of people and technology is co-adaptive
(Mackay, 1990): people both adapt to the technology and
they actively adapt it for their own purposes. Thus, the
problem is not static: the "same" technology is often
very different in different environments. People are
influenced by how the people around them interact with
the technology.

Not surprisingly, the HCI community has adopted
iterative design as a way of addressing the changing
nature of user's interaction with changing technology
(Norman and Draper, 1986). By studying users, both to
evaluate the technology and to generate design ideas, we
can build better systems. How can we view these
techniques with respect to the deductive and inductive
models of science? Figure 5 illustrates how to integrate
the various aspects of the two major scientific
approaches, as well as design, to represent the range of
activities in Human-Computer Interaction.

Theory

Observation

Design of
Artifacts Prototype

Model
Revised
  Model

Field Study

Simulation

Evaluation

*Interaction with artifacts

*

**

*

* *

Figure 5: HCI creates and examines the interaction of people
with artificially-created artifacts, moving between theory
and empirical observation. The boxes represent the
interaction with artificially-created artifacts, rather than
independent natural phenomena as in Figures 2 & 3 or design
artifacts as in  Figure 4.

Figure 5 illustrates how design and both scientific models
can be integrated for the range of activities found in HCI.
At the theoretical level, we can create and revise
interaction models based upon observations of users
interacting with artifacts. At the empirical or real-world
level, we can observe how people interact with various
technologies and develop models of use. In both cases,
we can draw from theory and observation to instantiate
new artifacts, ranging from early simulations to working
prototypes to products. These artifacts constantly evolve
and influence or change models at the theoretical level and
observations at the empirical level. One can argue that
scientists strive to understand whereas designers strive to
create. HCI is an interdisciplinary field that must do both.

Particular design techniques can now be mapped to this
perspective. Task analyses or models such as GOMS
(Card et al., 1983) provide cognitive models of users'

interactions with artifacts and are essentially deductive
approaches. In contrast, scenario-based design (Carroll,
1995, Mackay & Bødker, 1994) and participatory design
in general (Kyng & Greenbaum, 1991) draw their ideas
from observations of interactions in the real world and are
essentially inductive. System software evaluation
techniques, such as Cognitive Walkthroughs (John &
Packer, 1995) and Heuristic Evaluations (Nielsen &
Phillips, 1993) begin with design artifacts and use
guidelines to evaluate them whereas Design Rationale
(McLean et al., 1991) seeks to preserve explanations of
how the designs were created. Researchers working within
the HCI paradigm shown in Figure 5 may choose any or
all of the above.

Applying the Framework at CENA
CENA conducts or sponsors a wide variety of different
research projects. We decided to evaluate our framework
by examining whether it captures the full range of
activities, both scientific and design. The following six
projects are derived from different groups within the
organization and represent a broad range of goals and
methods. Each project can be classified initially, based
upon the way the participants talk about the goals of
their projects. These goals correspond roughly with the
approaches outlined in Figures 2, 3 and 4, i.e.,
developing theories (deductive model), enriching
descriptions (inductive model) or creating new
technologies (design model). In each case, the basic
model, whether scientific or design-oriented, provides a
good indication of the focus of the project.

However, even though particular projects are grounded in
one of these three approaches, they rarely use one
approach exclusively. Conducting research and design
activities that meet the needs of a particular user
population generate specific requirements that force each
project to move outside of the basic paradigm. None can
be described exclusively on the basis of Figures 2, 3 or 4:
yet all fit into the more complex, interdisciplinary
framework presented in Figure 5.

This section briefly describes six recent or on-going
projects at CENA and maps them onto our HCI
framework. For each project, we identify the goals, the
backgrounds of the researchers or designers, and the basic
project design.

Specialists in circadian rhythms and the medical corps at
the Laboratory of applied anthropology in Paris conducted
a 3-year study of the sleep patterns of controllers, using
interviews and physiological tests (Figure 6). An
important finding was that controllers have lower fatigue
and increased vigilance when their schedules begin at
successively later times during the day. Although the
original study did not consider the practical consequences
for the controllers, another internal group responsible for
work schedules was able to use the findings to revise the
existing schedules. The 10-day pattern of work and rest
days has been changed to 12 days, with two different
kinds of night shifts (DNA, 1997). The resulting
schedule is much more complex and the controllers have
not yet decided whether or not they like it.
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Our own research is based upon an ethnographic study in
which we followed a team of controllers through their
schedule for a period of four months. We were
particularly interested in the role of paper flight strips and
our observations match those described in the English
system (with some interesting cultural differences.) The
next step is to build a series of design prototypes. We
have chosen to pursue a different design direction than in
the English studies and are exploring an approach called
"Augmented Reality" (Wellner, Mackay & Gold, 1993,
Mackay, 1996). The goal is to preserve and augment
rather than replace existing real-world artifacts. In our
specific case, we are trying to create a system that
preserves the flexibility and subtlety of the paper flight
strips, while capturing information that will be useful in
tools that aid the controllers.

To be successful, we must draw upon techniques from a
variety of research and design disciplines. We must
understand as much as we can about the actual activities
of controllers and their current interaction with paper
flight strips, in both qualitative and quantitative terms.
We must generate new design ideas, using researchers,
designers and users (controllers) to provide innovations.
Finally, we must be able to distinguish among different
design possibilities and select those that make the most
sense in the current context.

The techniques require the full range of disciplines found
in HCI. The next section presents a framework that
describes them and discusses their underlying
assumptions, placing them within a unified context for
design.

NATURAL SCIENCE, DESIGN AND HCI
Human-computer interaction, like other multidisciplinary
fields, borrows techniques from its component disciplines
and must determine how they relate to each other. While
it may be appropriate for some to engage in heated
debates about competing approaches, it is rare to find a
designer who finds this useful. What is more important is
to understand enough about each approach and the
corresponding assumptions to be able to choose which is
most appropriate for addressing a particular design
problem.

Psychology Sociology Anthropology

Industrial
Design

Typography Graphic
Design

Engineering, Design & Fine Arts

HCIHuman
Factors

Computer
Science

Natural & Social Sciences

Figure 1: Human-computer interaction, like human factors
and computer science, is a multidisciplinary field that draws
from both scientific and design disciplines.

Figure 1 presents some of the component disciplines that
contribute to the study of human computer interaction.

The full range of natural and social sciences is represented
by the box at the top. Although they differ greatly in
subject matter and specific methods, they all derive their
basic values and assumptions from a general model that
governs all scientific disciplines. The corresponding box
at the bottom represents schools of Fine Arts and the
engineering and design disciplines. These also differ
greatly in subject matter and specific methods, but share
the goal of creating new artifacts.

The sciences are divided into separate disciplines, such as
Psychology, Sociology and Anthropology, represented by
rounded rectangles. Scientists within these disciplines
operate within paradigms (Kuhn, 1962, Latour, 1987),
that dictate which questions are considered "interesting"
and which specific methods can be used to address those
questions. Within any branch or sub-area, researchers can
range from highly theoretical to highly applied. Various
engineering and design disciplines, including Graphic
Design, Typography and Industrial Design are also
represented by rounded rectangles. Designers and artists in
particular operate within schools that dictate aesthetics
and "style".

The ovals in the center represent multidisciplinary fields.
Each multidisciplinary field draws concepts and methods
from particular branches (shown as small circles) of its
component scientific and design disciplines. For example,
HCI borrows from Cognitive Psychology and
Ethnography (branches of Psychology and Anthropology)
as well as typeface design (a branch of Typography).
HCI also draws from other multidisciplinary fields,
particularly Human Factors and Computer Science. The
latter can be considered one of the "Sciences of the
Artificial" (Simon, 1969), yet still requires aspects of
engineering and design.

Figure 1 is not meant to be exhaustive, but rather to
illustrate why HCI is neither a scientific nor a design
discipline, but actively incorporates aspects of both.
Although similar in some respects, science and design
differ in many assumptions and values. For example,
while both scientists and designers are trained in an
apprenticeship, the measures of success are quite different.
A science graduate student works in a laboratory with a
senior scientist; develops an original thesis and conducts
original research to support that thesis, which is
evaluated by other senior scientists. The terminal degree
is a Ph.D. and the expected career path is to become
either a professor or a research scientist in an industrial
laboratory (such as Bell Labs or Xerox PARC) or a
government laboratory (such as the American National
Institute of Health or the French Centre National de la
Recherche Scientifique). Design students usually work in
design studios with other designers. Engineering and
computer science students usually have internships where
they work with senior engineers in industry.  Students
create a variety of artifacts, some assigned as learning
exercises and some in the context of real projects. The
terminal academic degree for a designer is usually a
Master's degree, which is awarded based upon a
portfolio or collection of previous work. Computer
programmers similarly demonstrate their prowess based
on programs created for class projects or products
developed during internships.

Mackay, W. E., & Fayard, A. L. (1997, August). HCI, natural science and design: a framework for triangulation across disciplines. In Proceedings of the 2nd 
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Figure 1: Between-country friendship density graphs for the full company (a) and sales group (b). 
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Figure 2: Between-country friendship density graphs with nodes colored based on the Spinglass 

 community detection algorithm for the full company (a) and sales group (b). 
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Company-wide Sales workgroup

Dong, W., Ehrlich, K., Macy, M. M., & Muller, M. (2016). Embracing cultural diversity: Online social ties in distributed workgroups. In Proceedings of 
the 19th ACM conference on computer-supported cooperative work & social computing (pp. 274-287).
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Positivism Post-positivism Critical theory et al.Constructivism et al.
Apply methods from 

natural science 

(posit, observe, 

derive logical truth)

All methods are 

imperfect for 

apprehending reality; 

At best, research can 

identify a valid belief

Research & theory should be 

used to understand power 

relations and change 

situations

Meaning is in humans’ 

construction of reality or in 

the human mind. Research 

could only arrive at  

truth claims

For more in-depth discussion on paradigms, epistemology, ontology 
Moon, K., & Blackman, D. (2014). A guide to understanding social science research for natural scientists. Conservation biology, 28(5), 1167-1177. 
Guba, E. G., & Lincoln, Y. S. (1994). Competing paradigms in qualitative research. Handbook of qualitative research, 2(163-194), 105.
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Figure 1. Access points for design action in women’s lives. The most significant relationships that shape women’s lives are the relationships with
husbands and in-laws indicated in dark gray. The width of an arrow indicates the frequency with which interactions happen. The length of an arrow
gives a sense of the intimacy of the relationship. Dotted arrows indicate relationships rarely drawn on. The gray arc cuts through relationships that are
most significantly mediated through husbands and in-laws.

Our data shows that women often rely on spiritual support. All
our participants are religious and many find peace in praying
for their situation and hoping it will improve. As discussed pre-
viously, women seek help from local Kabiraz (Islamic schol-
ars) who are considered powerful because they take respon-
sibility for issues that people think police or doctors would
fail to resolve. Although prayer may not seem efficacious
to secular designers, within this community it is valued and
experienced as helpful, and is thus a legitimate target for de-
sign attention [13, 47, 48]. In addition, designing for and with
the Kabiraz could create a valuable channel for disseminating
information to women.

These specific opportunities suggest that rather than being
subjected to a system of total hegemony, women have many
relationships that they experience as providing varying levels
of help and agency, any of which could be sites for design
action. In Figure 1, we map out local access points that we dis-
covered through our fieldwork. We identify organizations and
individuals with which women are in relationship, and that we
can design for and with. As indicated by the gray arc in the di-
agram, some of these relationships are significantly controlled
by women’s husbands and in-laws. Some relationships may
also be highly constrained because of social norms. Others are
less controlled and may provide more flexible openings.

Design Beyond the User
Rural village women currently have limited access to tech-
nology which contributes to their exclusion from technology
research, since, with a few exceptions, we tend to focus on
users, not non-users [10, 11]. What makes design centered on
users particularly problematic in this context is that technol-
ogy users are structurally gendered male. Bangladeshi women
are not encouraged to touch or handle machinery or technical
artifacts. Since childhood, they are taught that jobs involv-
ing technologies are for males. In addition, mobile phones
are a relatively new technology here; many women do not
and cannot see themselves as expert users of a technological
device like a mobile phone. Thus, approaches that apply user-

centered design naively, aiming to turn female non-users into
users simply by building a device to meet their needs, will face
significant challenges running against the gendered division
of labor in these communities. This suggests that we need to
broaden our idea of who the users of such technologies might
be and who is to be the target of our design efforts.

The third sensibility, then, is that in the village context our
own initial standpoint of taking women as the potential users
of technology was too limited. One way non-users have been
addressed in HCI4D is through designing for third-party in-
termediaries [36]. By advocating design beyond the user, we
are generalizing this to suggest that designing for a particular
person may mean designing something for the people around
them that only indirectly affects the person you aim to help.
For example, an application that helps men better manage their
finances might reduce the stress that women feel. Or, if we
decided to make education about violence or taboos a goal for
design, it would make sense to educate the whole community,
not only women who are its victims. The stakeholders shown
in Figure 1 thus provide many starting points for design that
could directly or indirectly address women’s needs.

CONCLUSION
This paper unpacked opportunities for and challenges to de-
signing technologies that empower rural, low-income women
in Bangladesh. Our field study revealed systemic challenges
that women face and identified barriers these challenges pose
to the efficacy of prevalent HCI research and design strategies.
To move forward, we proposed ways to design within the patri-
archal system, even if we wish to subvert it, and discussed the
ethical and pragmatic trade-offs of such an approach. Taken to-
gether, our findings expand the HCI community’s understand-
ing of technology design within deeply patriarchal societies.
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Figure 1. Access points for design action in women’s lives. The most significant relationships that shape women’s lives are the relationships with
husbands and in-laws indicated in dark gray. The width of an arrow indicates the frequency with which interactions happen. The length of an arrow
gives a sense of the intimacy of the relationship. Dotted arrows indicate relationships rarely drawn on. The gray arc cuts through relationships that are
most significantly mediated through husbands and in-laws.

Our data shows that women often rely on spiritual support. All
our participants are religious and many find peace in praying
for their situation and hoping it will improve. As discussed pre-
viously, women seek help from local Kabiraz (Islamic schol-
ars) who are considered powerful because they take respon-
sibility for issues that people think police or doctors would
fail to resolve. Although prayer may not seem efficacious
to secular designers, within this community it is valued and
experienced as helpful, and is thus a legitimate target for de-
sign attention [13, 47, 48]. In addition, designing for and with
the Kabiraz could create a valuable channel for disseminating
information to women.

These specific opportunities suggest that rather than being
subjected to a system of total hegemony, women have many
relationships that they experience as providing varying levels
of help and agency, any of which could be sites for design
action. In Figure 1, we map out local access points that we dis-
covered through our fieldwork. We identify organizations and
individuals with which women are in relationship, and that we
can design for and with. As indicated by the gray arc in the di-
agram, some of these relationships are significantly controlled
by women’s husbands and in-laws. Some relationships may
also be highly constrained because of social norms. Others are
less controlled and may provide more flexible openings.

Design Beyond the User
Rural village women currently have limited access to tech-
nology which contributes to their exclusion from technology
research, since, with a few exceptions, we tend to focus on
users, not non-users [10, 11]. What makes design centered on
users particularly problematic in this context is that technol-
ogy users are structurally gendered male. Bangladeshi women
are not encouraged to touch or handle machinery or technical
artifacts. Since childhood, they are taught that jobs involv-
ing technologies are for males. In addition, mobile phones
are a relatively new technology here; many women do not
and cannot see themselves as expert users of a technological
device like a mobile phone. Thus, approaches that apply user-

centered design naively, aiming to turn female non-users into
users simply by building a device to meet their needs, will face
significant challenges running against the gendered division
of labor in these communities. This suggests that we need to
broaden our idea of who the users of such technologies might
be and who is to be the target of our design efforts.

The third sensibility, then, is that in the village context our
own initial standpoint of taking women as the potential users
of technology was too limited. One way non-users have been
addressed in HCI4D is through designing for third-party in-
termediaries [36]. By advocating design beyond the user, we
are generalizing this to suggest that designing for a particular
person may mean designing something for the people around
them that only indirectly affects the person you aim to help.
For example, an application that helps men better manage their
finances might reduce the stress that women feel. Or, if we
decided to make education about violence or taboos a goal for
design, it would make sense to educate the whole community,
not only women who are its victims. The stakeholders shown
in Figure 1 thus provide many starting points for design that
could directly or indirectly address women’s needs.

CONCLUSION
This paper unpacked opportunities for and challenges to de-
signing technologies that empower rural, low-income women
in Bangladesh. Our field study revealed systemic challenges
that women face and identified barriers these challenges pose
to the efficacy of prevalent HCI research and design strategies.
To move forward, we proposed ways to design within the patri-
archal system, even if we wish to subvert it, and discussed the
ethical and pragmatic trade-offs of such an approach. Taken to-
gether, our findings expand the HCI community’s understand-
ing of technology design within deeply patriarchal societies.
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Figure 1. Access points for design action in women’s lives. The most significant relationships that shape women’s lives are the relationships with
husbands and in-laws indicated in dark gray. The width of an arrow indicates the frequency with which interactions happen. The length of an arrow
gives a sense of the intimacy of the relationship. Dotted arrows indicate relationships rarely drawn on. The gray arc cuts through relationships that are
most significantly mediated through husbands and in-laws.

Our data shows that women often rely on spiritual support. All
our participants are religious and many find peace in praying
for their situation and hoping it will improve. As discussed pre-
viously, women seek help from local Kabiraz (Islamic schol-
ars) who are considered powerful because they take respon-
sibility for issues that people think police or doctors would
fail to resolve. Although prayer may not seem efficacious
to secular designers, within this community it is valued and
experienced as helpful, and is thus a legitimate target for de-
sign attention [13, 47, 48]. In addition, designing for and with
the Kabiraz could create a valuable channel for disseminating
information to women.

These specific opportunities suggest that rather than being
subjected to a system of total hegemony, women have many
relationships that they experience as providing varying levels
of help and agency, any of which could be sites for design
action. In Figure 1, we map out local access points that we dis-
covered through our fieldwork. We identify organizations and
individuals with which women are in relationship, and that we
can design for and with. As indicated by the gray arc in the di-
agram, some of these relationships are significantly controlled
by women’s husbands and in-laws. Some relationships may
also be highly constrained because of social norms. Others are
less controlled and may provide more flexible openings.

Design Beyond the User
Rural village women currently have limited access to tech-
nology which contributes to their exclusion from technology
research, since, with a few exceptions, we tend to focus on
users, not non-users [10, 11]. What makes design centered on
users particularly problematic in this context is that technol-
ogy users are structurally gendered male. Bangladeshi women
are not encouraged to touch or handle machinery or technical
artifacts. Since childhood, they are taught that jobs involv-
ing technologies are for males. In addition, mobile phones
are a relatively new technology here; many women do not
and cannot see themselves as expert users of a technological
device like a mobile phone. Thus, approaches that apply user-

centered design naively, aiming to turn female non-users into
users simply by building a device to meet their needs, will face
significant challenges running against the gendered division
of labor in these communities. This suggests that we need to
broaden our idea of who the users of such technologies might
be and who is to be the target of our design efforts.

The third sensibility, then, is that in the village context our
own initial standpoint of taking women as the potential users
of technology was too limited. One way non-users have been
addressed in HCI4D is through designing for third-party in-
termediaries [36]. By advocating design beyond the user, we
are generalizing this to suggest that designing for a particular
person may mean designing something for the people around
them that only indirectly affects the person you aim to help.
For example, an application that helps men better manage their
finances might reduce the stress that women feel. Or, if we
decided to make education about violence or taboos a goal for
design, it would make sense to educate the whole community,
not only women who are its victims. The stakeholders shown
in Figure 1 thus provide many starting points for design that
could directly or indirectly address women’s needs.

CONCLUSION
This paper unpacked opportunities for and challenges to de-
signing technologies that empower rural, low-income women
in Bangladesh. Our field study revealed systemic challenges
that women face and identified barriers these challenges pose
to the efficacy of prevalent HCI research and design strategies.
To move forward, we proposed ways to design within the patri-
archal system, even if we wish to subvert it, and discussed the
ethical and pragmatic trade-offs of such an approach. Taken to-
gether, our findings expand the HCI community’s understand-
ing of technology design within deeply patriarchal societies.
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Positivism Post-positivism Critical theory et al.Constructivism et al.
Apply methods from 

natural science 

(posit, observe, 

derive logical truth)

All methods are 

imperfect for 

apprehending reality; 

At best, research can 

identify a valid belief

Research & theory should be 

used to understand power 

relations and change 

situations

Meaning is in humans’ 

construction of reality or in 

the human mind. Research 

could only arrive at  

truth claims

For more in-depth discussion on paradigms, epistemology, ontology 
Moon, K., & Blackman, D. (2014). A guide to understanding social science research for natural scientists. Conservation biology, 28(5), 1167-1177. 
Guba, E. G., & Lincoln, Y. S. (1994). Competing paradigms in qualitative research. Handbook of qualitative research, 2(163-194), 105.
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52 Teddybear blood radio by Fiona Raby and Anthony Dunne 
Image: UK Science Museum Group

https://collection.sciencemuseumgroup.org.uk/objects/co8615831/is-this-your-future-blood-radio-artwork


53 Teddybear blood radio by Fiona Raby and Anthony Dunne 
Image: UK Science Museum Group

What research materials could have been transparent in this project? 
How relevant to research process and outcome are those materials?

https://collection.sciencemuseumgroup.org.uk/objects/co8615831/is-this-your-future-blood-radio-artwork
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6 1. PREAMBLE: HISTORY IN A TIME OF RAPID CHANGE

!e following chapters "ll out this account, organized into eight historical periods and two 
that re#ect on patterns that emerged and identify areas to attend to as we move forward.

Image bodied from : Grudin (2007) “From Tool to Partner: The Evolution of Human-Computer Interaction”. Morgan and Claypool.
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Closely matched method  
+ 

New data  
= 

Consistent results

[1] Replicability definition is according to Clearbout terminology, which differs from ACM’s terminology See discussion in Plesser HE (2018) Reproducibility vs. 
Replicability: A Brief History of a Confused Terminology. Front. Neuroinform. 11:76.

[1]
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Closely matched method  
+ 

New data  
= 

Consistent results

[1] Replicability definition is according to Clearbout terminology, which differs from ACM’s terminology See discussion in Plesser HE (2018) Reproducibility vs. 
Replicability: A Brief History of a Confused Terminology. Front. Neuroinform. 11:76. 
[2] Starting in Wilson et al. (2011) RepliCHI - CHI should be replicating and validating results more: discuss

RepliCHI award
• RepliCHI movements in meetings and 

workshops [2] 
• RepliCHI award implemented in CHI 

Conference 2023 by the conference 
organizers that year 

• Received push-backs 
• How about research where replicability is 

irrelevant?

[1]

http://tiny.cc/t-osap-2023
http://doi.org/10.3389/fninf.2017.00076
http://doi.org/10.3389/fninf.2017.00076
https://doi.org/10.1145/1979742.1979491
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Scenarios
• You are a reviewer of a paper. The paper looks fine. But you looked into the statistical analysis 

code and found an error. What will you do? 

• You are an editor who solicited reviews for Paper A from a panel of reviewers. A reviewer 
pointed out that an error in statistical analysis in the code—whereas it looks fine in the paper. 
This observation came in the very last minute in the reviewing process. What will you do? 

• Continuing the previous point: At the present, there is no expectation of sharing code and 
data in your field. Paper B is in the same area, using the same statistical analysis; it also looks 
fine. But Paper B does not share their statistical analysis code. What will you do?
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A balancing act?
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Transparency

Research 
ethics

Truth

Workload
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Why motivating transparency is not straight-forward
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Established researchers

Junior researchers

Resourceful institutes

Institutes in low-
income countries

Transparency-aware 
reviewers

Transparency-unaware 
reviewers
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60 Source: Center for Open Science strategy for scale sustainable adoption of open behaviors by researchers

Motivating research transparency in HCI

http://tiny.cc/t-osap-2023
http://www.cos.io/blog/continuing-acceleration-new-strategicplan
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Progressive process of research transparency
• Become aware and set realistic expectations 

• Learn from materials and examples in- and outside of your field 

• Adopt step-by-step: “be better in your next paper” 

• Educate your peers and students 

• Influence your institutions downward and upward

61 “A Manifesto for Transparent Quantitative Research — Transparency could be progressive” by Duong Nhu, Lahari Goswami, Theophanis Tsandilas, and Viktorija Paneva in 
Report from Dagstuhl Seminar 22392: Transparent Quantitative Research as a User Interface Problem. https://doi.org/10.4230/DagRep.12.9.220

http://tiny.cc/t-osap-2023
https://doi.org/10.4230/DagRep.12.9.220
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transparentstatistics.org

< .05 p(d|H1)
p(d|H0)

and many more…

research

http://tiny.cc/t-osap-2023
http://transparentstatistics.org
https://doi.org/10.4230/DagRep.12.9.220
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Tutorials at CHI 2022, 2023, MuC 2023, VIS 2023
• Planning research and sharing research artifacts 

• Introduction to Transparent Bayesian Data Analysis 

• Introduction to Transparency-oriented Visualizations 

• Hands-on exercises with transparency practices 

Materials available for reuse https://osf.io/27r5z

63
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• Registered reports
• Open access 

(Diamond)

• Novel article formats
• Open, continuous  

review

Organizers: Lonni Besançon, Florian Echtler, Matthew Kay, and Chat Wacharamanotham.

Journal of Visualization
and Interaction

journalovi.org 

https://journalovi.org
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How HCI can contribute to Open Science

• Mapping and understanding current research 
practices 

• Lowering efforts for Open Science practices 

• Ensuring usability of services 

• Making connections between researchers and 
technology developers

68

DISCUSSION & FUTURE WORK

Figure 3: HCI has a unique opportunity to
support and motivate reproducible prac-
tices through a fundamental understand-
ing of practices around preservation and
sharing. Non-conventional design tech-
niques can both create motivation and re-
shape researchers’ perception of the uses
of preservation technology.

As depicted in Figure 3, we envision an active role of HCI in understanding, supporting and motivating
reproducible practices. Taking the example of data analysis in natural science, we described starting
points for HCI practitioners and researchers. While it is important to note that our findings result from
research in HEP, we argue that the general nature of technology’s secondary uses is likely to profit
scientific fields beyond experimental physics. We expect HCI to contribute fundamental, empirical
knowledge about requirements for technology that supports reproducible research. Research is further
expected to describe opportunities and constraints of novel incentive structures and persuasive
design techniques in highly-skilled scientific environments. Our vision places further emphasis on the
importance of HCI practitioners in implementing and supporting the technological developments.

Taking an active position in reproducible science, we postulate that HCI can further its understand-
ing of the role and value of openness and replication in its own field. In their paper "Is replication
important for HCI?", Grei�enhagen and Reeves [14] ask to be�er understand aims and motivations of
replication in HCI. The authors state that "in order to focus the discussion of replication in HCI, it
would be very helpful if one could gather more examples from di�erent disciplines, from biology to
physics, to see whether and how replications are valued in these." As HCI researchers and practitioners
study and support reproducible e�orts in a variety of scientific domains, we will inevitably learn about
the value of replication and reuse in numerous fields. In this process, we will also need to learn about
varying needs, states and constraints of replication in very di�erent areas of HCI.
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Opportunities for MPI policymakers
• Recognize Open Science as a group of phenomena that can be studied 
• Recognize research into designing and developing infrastructure 

• Cross-cutting 
• Specific field 

• Fund these research!
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Our own research is based upon an ethnographic study in
which we followed a team of controllers through their
schedule for a period of four months. We were
particularly interested in the role of paper flight strips and
our observations match those described in the English
system (with some interesting cultural differences.) The
next step is to build a series of design prototypes. We
have chosen to pursue a different design direction than in
the English studies and are exploring an approach called
"Augmented Reality" (Wellner, Mackay & Gold, 1993,
Mackay, 1996). The goal is to preserve and augment
rather than replace existing real-world artifacts. In our
specific case, we are trying to create a system that
preserves the flexibility and subtlety of the paper flight
strips, while capturing information that will be useful in
tools that aid the controllers.

To be successful, we must draw upon techniques from a
variety of research and design disciplines. We must
understand as much as we can about the actual activities
of controllers and their current interaction with paper
flight strips, in both qualitative and quantitative terms.
We must generate new design ideas, using researchers,
designers and users (controllers) to provide innovations.
Finally, we must be able to distinguish among different
design possibilities and select those that make the most
sense in the current context.

The techniques require the full range of disciplines found
in HCI. The next section presents a framework that
describes them and discusses their underlying
assumptions, placing them within a unified context for
design.

NATURAL SCIENCE, DESIGN AND HCI
Human-computer interaction, like other multidisciplinary
fields, borrows techniques from its component disciplines
and must determine how they relate to each other. While
it may be appropriate for some to engage in heated
debates about competing approaches, it is rare to find a
designer who finds this useful. What is more important is
to understand enough about each approach and the
corresponding assumptions to be able to choose which is
most appropriate for addressing a particular design
problem.

Psychology Sociology Anthropology

Industrial
Design

Typography Graphic
Design

Engineering, Design & Fine Arts

HCIHuman
Factors

Computer
Science

Natural & Social Sciences

Figure 1: Human-computer interaction, like human factors
and computer science, is a multidisciplinary field that draws
from both scientific and design disciplines.

Figure 1 presents some of the component disciplines that
contribute to the study of human computer interaction.

The full range of natural and social sciences is represented
by the box at the top. Although they differ greatly in
subject matter and specific methods, they all derive their
basic values and assumptions from a general model that
governs all scientific disciplines. The corresponding box
at the bottom represents schools of Fine Arts and the
engineering and design disciplines. These also differ
greatly in subject matter and specific methods, but share
the goal of creating new artifacts.

The sciences are divided into separate disciplines, such as
Psychology, Sociology and Anthropology, represented by
rounded rectangles. Scientists within these disciplines
operate within paradigms (Kuhn, 1962, Latour, 1987),
that dictate which questions are considered "interesting"
and which specific methods can be used to address those
questions. Within any branch or sub-area, researchers can
range from highly theoretical to highly applied. Various
engineering and design disciplines, including Graphic
Design, Typography and Industrial Design are also
represented by rounded rectangles. Designers and artists in
particular operate within schools that dictate aesthetics
and "style".

The ovals in the center represent multidisciplinary fields.
Each multidisciplinary field draws concepts and methods
from particular branches (shown as small circles) of its
component scientific and design disciplines. For example,
HCI borrows from Cognitive Psychology and
Ethnography (branches of Psychology and Anthropology)
as well as typeface design (a branch of Typography).
HCI also draws from other multidisciplinary fields,
particularly Human Factors and Computer Science. The
latter can be considered one of the "Sciences of the
Artificial" (Simon, 1969), yet still requires aspects of
engineering and design.

Figure 1 is not meant to be exhaustive, but rather to
illustrate why HCI is neither a scientific nor a design
discipline, but actively incorporates aspects of both.
Although similar in some respects, science and design
differ in many assumptions and values. For example,
while both scientists and designers are trained in an
apprenticeship, the measures of success are quite different.
A science graduate student works in a laboratory with a
senior scientist; develops an original thesis and conducts
original research to support that thesis, which is
evaluated by other senior scientists. The terminal degree
is a Ph.D. and the expected career path is to become
either a professor or a research scientist in an industrial
laboratory (such as Bell Labs or Xerox PARC) or a
government laboratory (such as the American National
Institute of Health or the French Centre National de la
Recherche Scientifique). Design students usually work in
design studios with other designers. Engineering and
computer science students usually have internships where
they work with senior engineers in industry.  Students
create a variety of artifacts, some assigned as learning
exercises and some in the context of real projects. The
terminal academic degree for a designer is usually a
Master's degree, which is awarded based upon a
portfolio or collection of previous work. Computer
programmers similarly demonstrate their prowess based
on programs created for class projects or products
developed during internships.

How could you be more transparent in your next paper? 

How could you contribute to encourage your field to be more 
transparent in the long run?

http://tiny.cc/t-osap-2023

“Research transparency refers to honesty and clarity in all communications about 
the research processes and outcomes to the extent possible.”
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