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Abstract
Many health professionals in developing countries lack the proper competence for the work
they are doing. Tooltips have previously proven to be effective, and may assist such health
professionals in their daily routines entering data to health information systems. By using
qualitative and quantitative methods, this thesis aim to research two aspects of tooltips; finding
user preference for content types for tooltips and evaluations methods to find the most effective
tooltips, in terms of helping users enter correct data to the system. The target group is health
workers in African countries, and especially those who lack the proper competence for the work
they are performing.
This research has included participants from three African countries, Malawi, South Africa and
Ethiopia. Most of our findings are based on Malawian health workers, as they represent a
greater share of our participants. We have used questionnaires, a modified question-suggestion
approach and a quasi-experiment to explore preferences of tooltips, what tooltips would be
effective, what methods one should use to find effective tooltips and whether tooltips have an
effect or not.
Firstly, we found that most of our participants prefer a range of normal values, instead of
explanations, as content type for tooltips. Secondly, we found that tooltips containing
explanations outperform those with normal values, in terms of correctness of data entry.
Thirdly, we found that low content validity evaluations, such as a questionnaire, could not
replace high content validity evaluations, such as field experiments. Lastly, we found that
tooltips do have an effect, since the correctness of data entry increased and several participants
stated that they learned from the tooltips.
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1 Introduction
The aim of this thesis is to explore various aspects of tooltips in several developing countries.

1.1 Background
Africa constitutes about 16 % of the world population (Worldometers, n.d.), and suffer from a
huge and growing healthcare crisis. According to a World Health Organization (WHO) report
(2014), it is estimated that 22.8 skilled health workers per 10.000 population is needed to cover
essential health interventions. Most of the countries in Africa are below this line, having 1.8
million health workers of the total 27.2 million in the world. This means that even though Africa
has 16% of the world’s population, they only have 6.6% of all skilled health workers.
Those working within the health sector in these countries usually range from community health
workers (CHW) to medical doctors, though medical doctors are rare. In addition, most of the
educated health workers tend to seek work in the bigger cities or different countries, due to
better salaries (Sood et al., 2008). The rural clinics often lack health personnel with the right
competence, both within health and computer skills (Oluoch et al., 2012). In most health
facilities, especially in rural areas, nurses and midwives are the most educated personnel.
However, the workload exceeds their capacity, and those without proper competence have to
step in and do their tasks, which may lead to, amongst other, misdiagnosing of patients and
wrong data capturing. Training and education is often too expensive or impossible, due to staff
shortages. This means that there is a need for improving the knowledge among existing health
staff, in a cheaper way.
Tooltips have previously proven to be effective, in several formats (Dai, Karalis, Kawas, &
Olsen, 2015; Grossman & Fitzmaurice, 2010; Petrie, Fisher, Weimann, & Weber, 2004), which
we will explain further in chapter 2, 3 and 4. The most common type will show information
relevant to a given situation, and can be viewed either by hovering over or by pushing a button.
Also, tooltips are a cheaper way of increasing knowledge of a specific system or domain,
compared to for example training or workshops. Therefore, this thesis opt to explore various
aspects of tooltips, such as preference in content and format, and effectiveness. By effectiveness
we mean helping users enter correct data.

1

Checking tooltips is a self-initiated action. However, when people already think they know the
answer to something, even if it is wrong, they tend to stick to it, unless challenged (Rourke &
Kanuka, 2009). Thus, the effect of tooltips may only be achievable if people seek information
on their own initiative. For example, if someone think they have knowledge of a medical term,
they would most likely continue to believe in that knowledge, and not check the tooltip,
meaning they may hang on to a misconception of the truth. The effect of tooltips may therefore
be non-existent.
As of November 2015 approximately 830 women die “from preventable causes related to
pregnancy and childbirth” every day (WHO: Maternal Mortality, 2015), and about 99% of these
occur in developing countries. Even though the numbers have been reduced significantly over
the past 25 years, they are still a lot higher than in other parts of the world.
According to the National Health Service, “Antenatal care is the care you receive from
healthcare professionals during your pregnancy” (2015). The intention of ANC is to make sure
that both the pregnant woman and the fetus get the care they need, in order to have a healthy
pregnancy. WHO’s current guidelines on ANC recommend at least four visits during a woman's
pregnancy (WHO: What matters to women during pregnancy, n.d.).
This thesis is a part of the mHealth4Afrika project, which is a three year collaborative research
project focusing on community based maternal and newborn health care in four countries in
Africa; Malawi, South Africa (SA), Kenya and Ethiopia. The project focuses on two of the eight
United Nations millennium development goals (MDG), aimed to be reached by 2015 (United
Nations, 2015). These goals are on MDG 4: reducing child mortality and MDG 5: Improve
maternal health. Thus, antenatal care (ANC) is a focus point in our thesis.
The use of mHealth could, in the long term, support the delivery of high quality healthcare and
enable more accurate treatment. Mobile health, or mHealth, is defined by Global Observatory
for eHealth as “mHealth or mobile health as medical and public health practice supported by
mobile devices, such as mobile phones, patient monitoring device, personal digital assistants,
and other wireless devices” (WHO, 2013).
This study is also part of Health Information System Programme (HISP) research. HISP is a
global network with Department of Informatics at the University of Oslo in Norway as their
main coordinator. The HISP project started in 1994 as an action research (AR) project targeting
2

health systems in post-apartheid South Africa by utilizing a participatory design (PD) approach.
This led to the development of (DHIS2). HISP have many partners and are working on multiple
projects all over the world, mainly focusing on countries in Africa and Asia (DHIS2: In Action,
n.d.). Their main goal is to strengthen the Health Information System (HIS) of a country by
utilizing DHIS2.

1.2 Context
This thesis has focused on utilizing an app from the DHIS2, to address the issue of wrong data
entry. DHIS2 was set up with an ANC program in the Tracker Capture Android app, using
tablets as hosts. However, this thesis does not revolve around DHIS2 itself, but it is rather used
as a tool to our fieldwork.
Our research has taken place in three low to medium income countries, Malawi, South Africa
and Ethiopia, focusing on the maternal care in the communities. Both South Africa and Malawi
have adopted programs from the DHIS2 package (DHIS2: Deployment, n.d.), while Ethiopia is
in the starting phase of adopting it.
All the aforementioned countries have clinics in rural areas, and in many situations the power
grid does not reach the most rural health centers, and even if it does, the power-supply is
characterized by being unstable. Some bigger institutions have fuel-powered aggregators,
though, the possibility of the aggregators running out of fuel is present. Thus, IT-equipment
requiring stable power are not optimal in such cases.
On the other hand, according to the International Telecommunication Union (2015), there are
about 7.1 billion mobile phone subscriptions in the entire world, and more than 95% of the
world’s population is now covered with mobile signals. Furthermore, the coverage of mobile
phone network in many low-income countries often surpasses other infrastructure. Thus, the
interest for using mobile technology to address health related issues, has increased (Braun,
Catalani, Wimbush, & Israelski, 2013).
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1.3 Research Question
As mentioned, health workers in developing countries often have to perform tasks beyond their
competence. Therefore, a health system should, to the extent possible, provide health workers
with support for completing their tasks. Our goal has been to research how to increase the
amount of correct data entry by providing effective tooltips.
In order to understand a health worker’s needs and preferences when it comes to tooltips, we
have developed the following research questions aimed at addressing this goal.
1. What content types for tooltips do health workers in developing countries prefer?
2. What content type for tooltips lead to more correct data entry among undereducated
health workers?
3. What techniques can be utilized to answer research question 1 and 2?
4. Do tooltips have an effect?

1.4 Usability
A definition of usability is "The extent to which a product can be used by specified users to
achieve specified goals with effectiveness, efficiency, and satisfaction in a specified context of
use." (ISO 9241-11, 1998). Thus, usability refers to how usable the system is for the targeted
user and how enjoyable it is for the targeted user to use (Rogers, Sharp, & Preece, 2011) . To
ensure good usability one may conduct a usability testing session to identify any usability issues
and to track the user's satisfaction with the product. This may constitute a set of usability goals
which the usability engineer may follow and evaluate. These goals may be effectiveness,
efficiency, safety, utility, learnability, memorability (Rogers et al., 2011). Other researchers
have identified similar goals, such as Nielsen (1996), who states that usability normally is
measured as five product attributes: learnability, efficiency, memorability, errors and
satisfaction.
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We chose to extract three usability goals based on the definitions of Rogers et al. (2011), these
being effectiveness, memorability and learnability, though, our main focus lies with
learnability.
-

Effectiveness concerns how good the product is at doing what it is supposed to do.

-

Memorability concerns how easy it is for the users to remember the functionality of the
system when coming back from a period of inactivity.

-

Learnability concerns how easy the system is for the user to learn by exploring.
Michelsen, Dominick and Urban (1980) talk about evaluation of an interface using
software engineering principles. They present several software characteristics which are
necessary for the continuous use of the system. One of them being learnability, which
is characterized as “the system should be easy to learn by the class of users for whom it
is intended.”. Their paper also describe six factors that might indicate learnability; using
new commands, increase complexity, decrease think time, user comments on
learnability, decreasing errors and decreasing use of help commands.

These three usability goals were chosen based on our research questions. We have applied these
to both the Tracker Capture app and to the tooltips, and made a comparison to see the connection
between them (see Table 1). However, during our research we focused on the tooltips and
therefore did not look into the Tracker Capture aspect. As the goal of tooltips is to help the user
carry out tasks, we wanted to explore the effectiveness of the tooltips, and see how effective
they are at supporting health workers in entering correct data. In addition, we want to explore
if the tooltips are understandable and whether the health workers are able to learn and remember
the information they contain, hence our focus on learnability and memorability.
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Table 1: Usability goals comparison with Tracker Capture and tooltips

Usability Goals
Effectiveness

How good is the

Tracker Capture
Are the health workers

Tooltips
Do the tooltips support

product at doing what able to enter health data

health workers in

it is supposed to do?

entering correct data to

to the system?

the system?
Learnability

How hard is it to

Are the health worker

Are health workers

learn the function by

able to navigate and

able to learn and

exploring?

learn the functions of

understand the content

the app by exploring?

of the tooltips?

Are the health workers

Are the health workers

been provided to help

able to remember the

able to memorize the

users remember how

functionality of the

tooltips?

to carry out tasks?

different elements in the

Memorability What support has

app?

1.5 User Experience
User experience (UX) is closely related to usability, and the two are often hard to distinguish
(Rogers et al., 2011, p. 18). However, UX differs from usability by focusing on the user’s
experience of a system, rather than its usefulness (Rogers et al., 2011). Hassenzahl (2008)
defines UX as “a momentarily, primarily, evaluative feeling (good-bad) while interacting with
a product or service.”. He further states that this does not “exclude summary retrospective”,
meaning an evaluation done in retrospect of the action. This is similar to the evaluation we have
conducted, as we did not have an UX evaluation until after the experiment was finished.
Many UX goals have been identified and articulated within the field of interaction design
(Rogers et al., 2011, p. 23). We chose to focus on two relevant UX goals, helpful and rewarding
(Rogers et al., 2011). These were applied, not to the technology itself (Tracker Capture), but to
the tooltips within the system. As the main goals of tooltips are for them to be helpful and
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rewarding in terms of giving the users knowledge, these goals were the natural choice of focus
for us. A tooltip is helpful if the users are able answer correctly to data entry after reading the
tooltips. We consider a tooltip to be rewarding if the users are able memorize it and enter correct
information to the system next time they use it.

1.6 Methods
This section gives an overview over the methods used in the research, during two field trips;
the first to Malawi and Ethiopia during September and October 2016, and the second to Malawi
and South Africa during January and February 2017. These field trips are referred to as
iterations for the remainder of the thesis. Details on how we used the following methods can be
found in chapter 2, 3 and 4.

1.6.1 Our Approach
Our process was made up of two clear iterations, which will be explained in detail below.

First Iteration
Our first iteration consisted of modified/adapted question-suggestion sessions. The questionsuggestion protocol is based on the “question-asking protocol” proposed by Kato in 1968 (as
cited by Grossman, Fitzmaurice, & Attar, 2009, p. 652), and implies that participants may ask
questions at any time during the use of a system. Grossman, Fitzmaurice and Attar (2009, p.
653) augmented the protocol, and suggested that “the expert can also freely provide advice to
the user.”. We modified this further, and included interviews, observations and a walkthrough
of the technology. The participants were also encouraged to ask us any questions they might
have. In addition, a paper-based questionnaire and the tooltips added to the Tracker Capture,
acted as prototypes. These also enabled both us and our users to discuss different opportunities
with a mutual understanding of the purpose of the tooltips.
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Second Iteration
For our second iteration we conducted a quasi-experiment where we included two groups and
two measurements or conditions. An experiment is considered a quasi-experiment if it
“involves multiple groups or measures but the participants are not randomly assigned to
different conditions” (Lazar, Feng, & Hochheiser, 2010, p. 42). Our participants were not
randomly assigned to the different conditions. We chose to have a between-group design to our
experiment. Between-group design, often called between-subject design, involves that each of
the participants in the experiment is only exposed to one experiment condition (Lazar et al.,
2010). The number of participant groups directly corresponds to the number of conditions.
In our case, we had two conditions; tooltips containing normal values for medical terms and
tooltips containing explanations of the medical term. The participants were divided accordingly.
In this thesis, we will sometimes refer to these groups as the normal value group and the
explanation group. Due to time constraints and workload, it was beneficial to let the participants
be exposed to only one condition, as opposed to both, like in within-group design. By being
exposed to only one condition, we could reduce the risk of, amongst other things, confounding
factors such as fatigue and participants being frustrated. However, a disadvantage of betweengroup experiment is that we are comparing the performance of two groups and the results may
be affected by individual differences, hence a large number of participants is beneficial.
Mapping individual differences may be hard, so therefore one of the focus point in our research
was to find people of the same cadre and with the same experience with technology.

1.6.2 Philosophical Assumption
According to Myers (1997), “All research (whether quantitative or qualitative) is based on some
underlying assumptions about what constitutes ‘valid’ research, and which research methods
are appropriate”. Positivist studies explore what can be researched in a structured way, with the
goal of increasing the predictive understanding of a phenomena (Orlikowski & Baroudi, 1991).
Research is classified as positivist when formal suggestions, quantitative measures and
conclusions based on a sample population are present (Orlikowski & Baroudi, 1991, p. 5).
Interpretive studies are constructed through language, shared meanings and consciousness, and
focus on humans and their way of thinking and making sense (Myers, 1997). The aim is to
understand reality through the subjective and intersubjective meanings people assign them
(Orlikowski & Baroudi, 1997, p. 5). It is characterized by nondeterministic perspectives,
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examination in natural settings from a user perspective and that the researcher do not impose
his or her pre-understanding of the situation (Orlikowski & Baroudi, 1991, p. 5).
Our philosophical assumptions are not clear cut, though we adopt several aspects from positivist
studies, as well as some from interpretive studies. One of the goals of the quasi-experiment was
to be able to predict the effect of tooltips, and both our quasi-experiment and questionnaire were
structured ways of research which produced quantitative data. Research question one, two and
three attempt to give practical suggestions on how to design tooltips, while the fourth question
attempts to draw a conclusion about the effect of tooltips, based on a population sample
consisting of health workers. Through interviews, we have tried to understand why people
preferred the different tooltips, and create intersubjective understandings of what content would
be most effective, helpful and rewarding, and why. We also made sure to not impose our
personal opinions regarding tooltips, in order to not affect the participants’ understandings.

1.6.3 Action Research
“Action research aims to contribute both to the practical concerns of people in an immediate
problematic situation and to the goals of social science by joint collaboration within a mutually
acceptable ethical framework.” (Rapoport 1970, p. 499). Action research (AR) is an important
component of participatory design (PD), and it seeks to engage both the affected workers and
the outside researcher in studying and remedying existing problems (Greenwood & Levin,
1998). One of the researcher's goals in AR is to identify a problem or issue and come up with a
possible solution. It is based on a collaboration between the researcher and the group of people
who are experiencing an issue. The process of AR is iterative, where the first step is to diagnose
the problem, then plan and do the action, and afterwards evaluate. The last stage involves
specifying learning (Baskerville, 1999). This cycle is then repeated.

1.6.4 Participatory Design
The origin of Participatory Design (PD) is the democratic ideal that those who will be
using an artifact should be given the right to decide on its design: its functioning as well
as its form, and through this gain more control over the use situation and achieve a larger
space for action. (Joshi & Bratteteig, 2015)
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PD is an approach which involves the end-user of a system or product (Simonsen & Robertson,
2013). The purpose of PD is to overcome the difference in understanding and knowledge
between users and developers, through a practical, hands-on approach (Simonsen & Robertson,
2013).
According to Simonsen and Robertson (2013), design by doing is an essential aspect within
PD. This may include the usage of prototypes and mock-ups, and may enable the users to utilize
their skills and open of for a more robust participation and a shared understanding between the
user and the designers (Simonsen & Robertson, 2013). Prototypes are great for giving users a
firsthand experience with a product or a practice, and for leveling out different understandings
(Simonsen & Robertson, 2013).
User participation is considered “the core of Participatory Design” (Simonsen & Robertson,
2013, p. 5). Ives and Olson (1984) suggest six degrees of user involvement, meaning “the
amount of influence the user has over the final product” (p. 590):
1. No involvement
2. Symbolic involvement
3. Involvement by advice
4. Involvement by weak control
5. Involvement by doing
6. Involvement by strong control
Also, Mumford (as cited by Ives & Olson, 1984) suggests that there are three different types of
participation; consultative, representative and consensus. Consultative involves that developers
make all decisions, though user needs and satisfaction are considered. Representative means
that the user group is represented in the design group. Consensus participation attempts to
involve the entire user department, in some way, through the entire process. Consultative is the
least direct form of user participation, representative is in the middle and consensus is the most
direct type of participation. We focus on the consultative type of participation, with a 3. degree
of user involvement.
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1.6.5 Data Collection Methods
We have utilized a mix of qualitative and quantitative research methods to do both a
methodological triangulation and a triangulation of data (Rogers et al., 2011).

Questionnaire
Questionnaires are a good technique for collecting demographic data and users’ opinions
(Rogers et al., 2011, p. 238). It is a great method to gather information about larger groups, and
may be used in conjunction with other data collecting methods. Questions may be open or
closed (Rogers et al., 2011, p. 238), and should be clearly defined to ensure good data quality.
When designing one of the questionnaires, we got help from a professional writer who gave
valuable input on formulations. In addition, we conducted two pilot-tests to ensure that the
questionnaire was understandable.
As our research question emphasize preference among health workers, a questionnaire
measuring user preference of content types for tooltips was created (see chapter 3 for more
information). The alternatives for content types were created based on interviews with other
researchers, and their experiences from collaborating with health workers in developing
countries. This approach should be considered a consultative type of participation with a 3.
degree of involvement (Ives & Olson, 1984).
In addition to interviews, an UX questionnaire was created to measure the user experience of
the tooltips. Our questionnaire was a blend between UX and usability, as it addressed both
helpfulness and learnability of tooltips. It was more of an evaluation of the participants’ user
experience of the usability of the tooltips. A Likert scale is used to measure opinions, attitudes
and beliefs, as well as to evaluate user satisfaction with a product (Rogers et al., 2011) Hence,
when measuring the UX of the tooltips, we created scales containing sets of statements that
represented a range of possible opinions. For instance, one of our statements contained a scale
ranging from strongly agree to strongly disagree.

Diaries
Diaries are a technique mainly used to document events in the participant's life at the time of
occurrence (Alaszewski, 2006). One may record everything from simple activities in the
participant's life to explanations or reflections (Lazar et al., 2010, p. 126). Within human to
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computer interaction, diaries aim to fill the gap between observations in natural settings,
surveys and observation in a fixed lab (Hyldegård, 2006). They are also good for understanding
how participants utilize technology in non-controlled settings (Lazar et al., 2010). Hence,
diaries are good for capturing data about technology use in real world settings.
Diaries can split into two groups, elicitation diaries and feedback diaries (Lazar et al., 2010).
Elicitation diaries are mainly used for prompting, and when interviews take place at a later stage
in the research, the participants are asked to expand on each data point in the diary. Feedback
diaries often tend to have instructions for when the participant should make the diary entry.
Hence, while feedback diaries often focus on events that are interesting for the researcher,
elicitation diaries often focus on events that are interesting for the participants (Lazar et al.,
2010).
For our experiment we created a booklet inspired by diaries with questions and keywords we
wanted our participants to elaborate on after using the technology, hence our approach is a
hybrid between the two groups.

Document analysis
“Document analysis is a systematic procedure for reviewing or evaluating document, both
printed and electronic (computer-based and Internet-transmitted) material.“ (Bowen, 2009, p.
27) The documents analyzed may be anything from agendas, attendance register to manuals,
books, journals (Bowen, 2009). Other research also include videos and pictures as forms of
documents (Lazar et al., 2010, p. 284). Document analysis is used to give some meaning and
context around the asset topic.

Observation
Observations are used to gain information and empirical material both in natural settings and
in laboratory settings. Observation techniques are often divided into two categories,
participatory observation and passive observation, where the researcher will either participate
or observe from a distance (Crang & Cook, 2009). As part of the question-suggestion protocol,
we conducted a form of participatory observations, in which we sat together with the
participants.
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Automated data collection tools
Automated data collection tools, such as screen recording tools, enable the researcher to easily
collect detailed information about user interaction with a system (Lazar et al., 2010). These
kind of tools may increase the amount of data collected, as well as ease the workload for the
researcher. Screen recordings of applications are often used to test usability and see how the
users interaction with the given software. It is sort of a passive observation of user action in the
system and may provide information about possible struggles the user might have.

Interviews
Direct feedback from users is fundamental within human to computer interaction (Lazar et al.,
2010). Interviews are not naturally occurring, they are constructed by the researcher, and
therefore they do not provide direct access to the experience of the people studied (Silverman,
1998). However, they may contribute to a deeper understanding of users and their way of
thinking, and open for direct feedback and subjective meanings.
Interviews can be divided into three groups, structured, semi-structured and unstructured
interviews (Rogers et al., 2011, p. 228-229; Crang & Cook, 2007, p. 60). We have utilized semistructured interviews, using both closed and open questions as a part of a script of subjects to
discuss with our participants (Rogers et al., 2011, p. 228-229; Crang & Cook, 2007, p. 60). The
advantage of semi-structured interviews, as opposed to structured or unstructured, is that one is
able to elaborate on interesting statements while also covering all intended subjects. However,
one has to be careful not to get too carried away, and remember to stick to the basic script of
subjects.

Field notes
Notes are a flexible way of recording data, and if handwritten, they may also be less intrusive
than for example using a keyboard (Rogers et al., 2011, p. 227). A disadvantage with notes is
that it may be tiring to write, while at the same time trying to observe and listen. Though, this
can be solved through working with another person (Rogers et al., 2011, p. 227). As a part of
our research, we kept notebooks with field notes, which we tried to fill in daily. The purpose of
such notebooks are to keep record of what the researchers learn, make sense
of (mis)understandings and/or settings, and to provide detailed descriptions for readers to
“stand in their shoes” (Crang and Cook, 2007, p. 50).
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Analysis techniques
Crang & Cook (2007) describe two ways of analyzing an interview, statistically and
discursively, depending on the number of informants and what kind of information you are
after. Statistical analysis collects quantitative data, while discourse collects more qualitative
data. We had a mixed approach to this, using both statistical and discourse analysis. Examples
could be whether they entered data or checked tooltips first (statistical), or why they checked
the tooltips before entering any data (discourse).
Data for statistical analysis need to be processed and cleaned because it may contain errors
(Lazar et al., 2011,p. 70). It is important to trace as many errors as possible in the collected data
in order to minimize the negative impact caused by potential errors (Lazar, 2011, p.71). In
addition, some data need to be coded into numbers before any statistical analysis can be done
(Lazar et al., 2011, p.71). For example, when coding gender, female could be coded to 0, while
male could be coded to 1. To analyze our data we coded the recordings while we watched them,
and gave them values in an excel-document. We also used t-tests, Wilcoxon’s signed rank test
and Pearson’s correlation to find significant differences and correlation between different data
sets.

1.7 Structure of Thesis
This section explains the unconventional structure of our thesis, as it also consist of three
research papers, which are to be published in 2017. The papers have been copied into the thesis
in their entirety, as they are individual, and may be read independently of each other and the
thesis. Common for all is that the main research and evaluations are done by us, Helene Isaksen
and Mari Iversen. Chipo Kanjo has contributed with all participants in Malawi, as well as
arranging for a lot of the implementation of the research.

1.7.1 Chapter 1 – Introduction
The first chapter has introduced the thesis by explaining the context of the research, our
motivation and some literature related to our methods. It finishes off with this part, explaining
how our thesis is put together, consisting of papers to be published and additional text covering
what has not been explained in the papers.

14

1.7.2 Chapter 2 – Methodology
The second chapter consists of another paper, which is to be published at the International
Conference on Human Computer Interaction 2017 in Vancouver, Canada. It explains our study
from a methodological perspective, exploring the validity of our research and the power of the
methods used. This paper has been written in cooperation with our supervisors, Jens Kaasbøll
and Chipo Kanjo. Kaasbøll has been responsible for major parts of this paper, including the
literature, as well as most of the discussion. All parts related to power of methods and validity,
is written by him.

1.7.3 Chapter 3 – Finding User Preference
The third chapter contains a paper, which is to be published at the IST-Africa Conference 2017
in Windhoek, Namibia. It also has a section which explains other aspects that were not included
in the paper, due to the submission deadline being before the research was concluded. The paper
explores user preferences for content types and expression formats for tooltips, based on our
results. This paper was also written in cooperation with our supervisors, Jens Kaasbøll and
Chipo Kanjo. It is difficult to specify who wrote what, though three of the authors, Isaksen,
Iversen and Kaasbøll, contributed equally.

1.7.4 Chapter 4 – Finding Effective Tooltips
The fourth chapter consists of third paper, which is also going to be published at the
International Conference on Human Computer Interaction 2017 in Vancouver, Canada, and
presents some of the results retrieved during the quasi-experiment. As not all the results are
included in the paper, due to the deadline of submission, one of the sections presents the final
results. The other sections present aspects of the second iteration which were not included in
the paper. The paper in this chapter was written by us, Isaksen and Iversen.

1.7.5 Chapter 5 – Conclusion
The fifth and final chapter will revisit the most important findings and answer our research
questions. It may also repeat some of the conclusions from the papers in order to give a full
picture of the outcome of our research. Lastly, we will give some reflections of our research
and some practical recommendations, based on our research.
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2 Methodology
The following paper will be published at the International Conference on Human Computer
Interaction 2017, in Vancouver, Canada in July.

2.1 “Methods for Evaluation of Tooltips”
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3 Identifying User Preference
The following paper is written by Helene Isaksen, Mari Iversen and Jens Kaasbøll from the
University of Oslo, and Chipo Kanjo from the University of Malawi. It is to be published at the
IST-Africa Conference in Namibia May/June 2017.

3.1 “Design of Tooltips for Health Data”
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3.2 Content Types – Results
The questionnaire for content types was used during the entire research effort, without
alterations. We got a total of 58 responses during this research. As the Ethiopian health workers
were underrepresented, they were not included as a group on their own.
As mentioned in the paper “Design of Tooltips for Health Data” (see section 3.1), the
participants were asked to rank the options in the questionnaire on a scale from 1 to 4, with 1
being the most preferred. Afterwards, we calculated the average of the four different options,
and considered the lowest score to be the most preferred. It should be noted that in SA, however,
the users had more difficulties understanding this scale system, thus we switched the order to 4
being the most preferred. In our representation, the results have been converted to the original
setup, with 1 being the most preferred.
This questionnaire only shows the participants’ preferences in content types for tooltips, and
not which content type will give the best results or improve data quality. This will be further
explained in chapter 4.
Table 2: Preference of content type - Malawi vs. South Africa

Content type

Malawi

South Africa

Explanation

2.06

1.92

Treatment

3.53

2.82

Normal Value

1.60

2.62

Illustration (normal value)

2.20

2.06
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As seen in the table above, there is a slight difference between the preference of the Malawi
group and the SA group. The Malawi group seemed to prefer normal values as content types,
while the SA group seemed to prefer explanations. A possible reason for this finding may be
that the participants from SA worked at a big hospital, and had access to equipment used for
finding normal values of medical terms, hence the need for that (normal values) as a tooltips
may have seemed less. The Malawian participants, on the other hand, were stationed at rural
clinics with limited resources. For instance, we learned that at one of the clinics in Malawi the
prospective mothers enrolled in the ANC program were asked to bring their own candles in
case of power breaks during delivery.
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4 A Field Experiment
The following paper is to be published during the International Conference on Human
Computer Interaction 2017, in Vancouver, Canada in July. It only contains the results from half
of the participants of the experiment, due to time constraints. Therefore, we recommend the
reader to skip chapter 5 and 6 in the paper , as the results of the paper may not correspond with
results given in section 4.2.

4.1 “Design of Tooltips for Data Fields – A Field
Experiment of Logging Use of Tooltips and Data
Correctness”
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4.2 Final Results from Field Experiment
This following section contains updated results, including all 30 participants, while the paper,
“Design of Tooltips for Data Fields - A Field Experiment of Logging Use of Tooltips and Data
Correctness”, only encompassed results from 15 of the 30 participants. Note that some
sentences and paragraphs have been copied from the paper.
One of our intentions when setting up this experiment was to not include participants who had
already been introduced to the system, so that all participants would have the same starting
point. However, because we did not recruit enough participants in SA, we ended up including
two people who had been introduced to the system a few months prior to the experiment. Still,
we do not believe that this had any major impacts on the results, as they seemed to have
forgotten the system by the time we conducted our study. We also tried to only include people
with less education than nurses. However, due to miscommunications, some of the participants
from Malawi were educated midwives, a specialization within nursing. Meaning, some of our
participants had more education than intended for the research, which most likely has affected
the results.
On average, there were 14 cases recorded per user. The reason we did not get all recordings
from all participants may be due to poor connectivity, or participants may have accidentally
turned off the internet on the tablets. However, we found all cases on the tablets at the end of
the experiment. All participants in the Malawi group did all 22 cases and filled in the booklets,
while 40% of the SA group did not complete all cases, and half of them wrote little to nothing
in their booklets.
After analyzing the booklets, we found that it took about two days (2.25) before they felt
comfortable using the system. Additionally, they spent, on average, 21 minutes per case. Some
also stated during the interviews that they spent less time on the final cases, which may be a
sign of increased learnability, according to Michelsen et al. (1980). This was something we also
noticed in the recordings, considering they became shorter in the later cases, compared to the
first ones.
There was, however, a noticeable difference between the average time of those from Malawi
and those from SA. The Malawi group spent 19 minutes per case, while the SA group spent 29
minutes per case. This was unexpected, as SA is considered a more developed country where
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people are more used to technology, which we thought would be to their advantage. Though,
the participants from Malawi were of different cadres, some more educated than others, which
may have given them an advantage in the understanding of the cases. All participants from SA
were, as mentioned, assistant nurses, and having education than some of the participants in the
Malawi group. One participant from SA stated during the interview that “sometimes I don’t
understand the story”, which may have been a part of why there is such a time difference
between the two groups.
During the interviews we asked the participants whether they checked the tooltips before or
after they started entering information. We found no patterns on when the participants did one
or the other. Sometimes they checked before, and other times they checked after. Sometimes
they checked both before and after, while other times they did not check them at all. The fact
that some checked tooltips regardless of them knowing the answer or not, contradicts Rourke
& Kanuka’s (2009) statement about people hanging on to their possible misconceptions until
challenged.

4.2.1 Normal Values versus Explanations
Below we will compare the results of the normal value group and the explanation group to find
out which lead to more correct data entry.
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Opened tooltips
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Graph 1: Average number of opened tooltips through the cases

Graph 1 illustrates that, as the days went by in the experiment, the need for tooltips declined.
This also corresponds with what we learned from the post-interviews, that the participants used
the tooltips more in the beginning than towards the end. This may also be seen as sign of
learnability of medical terms, because of the decrease in usage of tooltips (Michelsen et al.,
1980). However, as with other repetitive tasks, the willingness to fulfill it may go down as time
passes, hence the number of opened tooltips would also decrease. Comparing it to correctness
of data entry will therefore be beneficial.
Through the post-interviews, we found that most of the participants confirmed that they used
the tooltips less throughout the cases, because they had learned them by heart. One of them
even quoted the tooltip about eclampsia, proving that she really had learned the term. According
to Michelsen et al. (1980), this may be a sign of learnability, due to the learnability-related
content of the comment. Another said that she “check with the information I got earlier”, and
further explained that she kept learning the terms when she opened the tooltips. Eventually she
knew what to answer, without using them. One participant said she used the tooltips frequently
in the first cases, but “not frequently in the last cases because they helped us understand what
it was.”. This indicates that the users did learn something from the tooltips, as the need for
opening them were not as high towards the end of the experiment as at the start.
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Another thing we noticed in the recordings, was that the tooltips were mostly used during the
“Previous Pregnancy”-stage, which may be because this is the first stage they enter information
into. Also, pregnancies may have different outcomes, like for example antepartum stillbirth or
intrapartum stillbirth. These may be hard to differentiate, as they sound quite similar, especially
for someone who are not familiar with the terms. Thus, it would require more of a need to
consult with the tooltips. When we asked the participants during the interview what they found
difficult in the system, the different stillbirths during previous pregnancies were mentioned
several times. They found the difference between antepartum stillbirth, intrapartum stillbirth
and stillbirth of unknown timing was confusing. Some also said that several of the terms used
in the previous pregnancies stage, were terms that were more familiar to fully educated nurses
and midwives, which might have been difficult for people with less education to understand.
Some also suggested that in order for non-medical personnel to understand what data to enter,
signs and symptoms should be listed. This corresponds with the responses we received from
the questionnaire regarding content types, that normal value is the most preferred content type.
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Graph 2: Percent of correctness through the cases
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Trendline (Explanation)

Trendline (Normal Value)

As shown in the graph above, there is an increase in correctness from the first cases to the last.
According to Michelsen et al. (1980), this may be a sign of learnability, as there is a decrease
in error rates. Both the explanation group and the normal value group seem to have
approximately the same increase. However, the explanation group have a slightly higher percent
of correctness, about 6%. This may contradict the assumption that the willingness to fulfilling
the task decreased as time went by, and the decrease in number of opened tooltips is rather due
to users learning the information in the tooltips.
However, we need to take into consideration that the explanation tooltips contained sentences
which were also present in the cases. This may have affected the results, as the participants in
this group could have compared sentences and expressions from the case with the tooltips (see
example in Table 3 below). Participants with normal value tooltips were not able to do such a
comparison, as the normal values mostly did not appear in the cases. This may be a possible
reason why the explanation group have a higher correctness, as they easier could recognize the
phrases used.
Table 3: Data element example with different tooltips

Data element

Example from

Explanation tooltip

Normal value tooltip

case
Fundal

Her measurement

Measurement from the

Normal fundal height

height

from the pubic

pubic bone to the top of measurement:

bone to the top of

the uterus. This is done

20 weeks = 17-20 cm

the uterus is 20 cm

to assess how far into

28 weeks = 25,5-28,5 cm

the pregnancy the

36 weeks = 33-35 cm

woman is

40 weeks = 36-38 cm

Upon interviewing the participants and asking them whether they learned something from the
tooltips, most stated that they did learn something and that they found them useful, which
corresponds with their notes in the booklets. Most of the participants stated that the tooltips
helped them enter correct information and guided them in the effort of doing so. The increase
in correctness, combined with the responses from the interviews, is a good indication of tooltips
actually providing necessary help for the health workers to enter correct data.
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Correctness versus opened tooltips
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Graph 3: Percent of correctness versus number of opened tooltips per user

In the graph above, we used Pearson’s correlation to identify possible correlations between
opened tooltips, correctness and successful tooltips. We found a weak correlation between the
number of opened tooltips and the correctness of data, at r=0.27. We also found a moderate
correlation between successful tooltips and correctness, at r=0.50. These correlations indicate
that tooltips have an effect, which also corresponds with both interviews and booklets.
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Successful tooltips
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Graph 4: Percent of successful tooltips through the cases

The percentages in the graph above were found by dividing the number of successful tooltips
with the number of opened tooltips. Both the explanation group and the normal value group
seem to have had a slight increase in successful tooltips. Though, it should be noted that the
explanation group seem to have about 13% more successful tooltips, compared to the normal
value group.
In addition to the interviews, we also used the booklets to investigate the participants’ opinions
on the cases, the tooltips and the system. All of them wrote comments and thoughts for most of
the cases, and also about the system and some of the tooltips they found useful. “I used the
(i) to give me the meaning of the things or terms used” (the (i) indicating the button for opening
the tooltip) and similar comments were found in several of the booklets. A majority of the
participants learned about gravidity and parity, and the different forms of stillbirths. We
especially noticed that, if the correct data entry was antepartum stillbirth, intrapartum stillbirth
was often opened as well. “I learned the difference between antepartum and intrapartum
stillbirth” one of the participants stated. She further stated that she often opened both tooltips
to understand the difference between them.
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Figure 1: Example from booklet

Also, the tooltips for hypertension, pre-eclampsia and eclampsia were used more in the
“Previous Pregnancy”-stage. This was their first encounter with those tooltips during each case,
and many of the participants found the terms confusing. We also found that participants have
different definitions of some terms, like for example pre-eclampsia. Some do not consider only
protein in urine as a way of diagnosing pre-eclampsia, as it can also indicate other diseases.
Another interviewee stated that “in our facility we don’t have a lot of resources, so high BP
means pre-eclampsia”, meaning that they diagnose pre-eclampsia only based on high blood
pressure. Even though it is important to have formal definitions, it is absolutely vital to take
into consideration the health facilities that do not have the necessary resources for diagnosing
certain conditions. When creating tooltips, one should consider both of these aspects, and
additionally ensure that the tooltip can be effectively used by all clinics, independently of
resources.
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First and last seven cases
Table 4: Correctness for the first and last seven cases

First seven cases

Last seven cases

Increase

Normal value

70.9

77.9

+7.0

Explanation

78.0

85.6

+7.6

Total

74.5

81.8

+7.3

The table above shows that both groups had almost the same increase in correctness from the
first seven cases to the last seven, explanations being slightly higher. Based on paired, twotailed t-tests, there is a significant difference between normal values and explanations in the
first seven cases (p=0.01) (lighter grey area in Table 4) and in the last seven cases (p=0.03)
(darker grey area in Table 4). This corresponds with previous results that indicated that
explanations have a higher correctness than normal values. Though, there was no significant
difference between the first seven cases and the last seven cases, neither for normal values
(p=0.27), nor explanations (p=0.19). Even though there is no significant difference from the
first seven to the last seven cases, there still exists an increase in correctness.

4.2.2 Malawi versus South Africa
We wanted to compare Malawi and SA because of variations at national levels, such as the fact
that SA is a more developed country than Malawi.
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Opened tooltips
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Graph 5: Average number of opened tooltips through the cases

As seen above, the number of opened tooltips decreases towards the later cases. This decrease
was something we expected, due to that similar phrases and tasks were repeated in the cases
towards the end, hence the participants should have already opened the tooltips earlier. This
corresponds with what the participants in the Malawi group told us during the interview as well,
that they used the tooltips less in the last cases. However, the majority of the participants from
the SA group said during the interviews that they used the tooltips just as much at the end as in
the beginning. This is not consistent with what the graph shows, as it shows a decrease in opened
tooltips, and not a steady line. This may be due to the fact that what people say and what people
do, is not always consistent.
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Graph 6: Percent of correctness through the cases

Graph 6 shows no major differences, even though, the Malawians seem to have a slightly higher
percentage of correctness. This may be because of the different and somewhat higher levels of
knowledge between the participants from the Malawi group as compared to the SA group,
where all participants were assistant nurses. Also, the involvement from the SA group may have
affected their desire to answer correctly, as they were not as engaged as the Malawi group. In
the post-interviews with the participants from SA, we experienced that we struggled to get
information from them, as they were not as willing to talk and elaborate in the conversation as
the Malawian participants.

75

Correctness versus opened tooltips

Percent of correctness versus number of opened tooltips per
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Graph 7: Percent correctness versus number of opened tooltips per user

As the scatter plot in Graph 7 show, the two participants that stood out by not performing well
in terms of correctness were from SA. They had approximately 58 % correct answers and thus
pulling down the overall correctness for the participants from SA. Though, it is worth noting
that these two participants hardly opened any tooltips, which may be part of the reason for the
low correctness.
Two of the participants from Malawi never opened the tooltips. Both of these participants were
nurses, hence, they had appropriate training for ANC. Therefore, the need for opening tooltips
were not present. What is interesting, is that even though several of the Malawian participants
opened fewer tooltips than the SA participants, they still maintained a higher correctness.
Though, this may be due to the difference in education within the Malawi group.
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Successful tooltips
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Graph 8: Percent of successful tooltips through the cases

As Graph 8 shows, there is quite a difference between the participants from Malawi, and the
participants from SA. The Malawi group show an increase of successful tooltips, while the SA
group have a clear decrease. The reason for this may be the same as mentioned earlier, less
educated, less engaged to the experiment and more resistant to elaborate in discussion in postinterviews.

First and last seven cases
Table 5: Correctness for the first and last seven cases

First seven cases

Last seven cases

Difference

Malawi

76.6

84.0

+7.4

South Africa

68.0

79.8

+10.9

Total

74.5

81.8

+7.3

As seen in the table, the SA group had a higher increase compared to the Malawi group from
the first seven to the last seven cases. However, the results from the Malawi group are in general
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better than those from SA, as they show a 5% higher correctness than the SA group. Still, there
were no significant differences between any of the results.

4.3 Did the Experiment Alter Their Preferences?
When conducting the experiment, participants filled in the questionnaire for content types
twice, once during the first introduction and once after the experiment, during the postinterviews. This was to explore whether the experiment altered their preferences or not.

4.3.1 Malawi
In the second study, the participants from Malawi preferred normal values both before and after
the experiment. However, there was a significant change in their ranking of the other content
types. Prior to the experiment explanations were ranked higher than illustrations, while after
the experiment illustrations were ranked higher than explanations.
Table 6: Average score for preference pre and post experiment

Content type

Average score pre

Average score post

experiment

experiment

Explanation

2.03

2.25

Treatment

3.41

3.21

Normal value

1.72

1.83

Illustration (normal value)

2.28

2.06

Explanation and treatment showed a significant change from the questionnaire prior to the
experiment, to the questionnaire post experiment. This was based on the Wilcoxon’s signed
rank test, because of the low number of values (see Table 7 below).
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Table 7: Wilcoxon significant differences of Table 6

Content type

Wilcoxon’s signed rank

Conclusion

test result
Explanation

0.01

Significant difference

Treatment

0.01

Significant difference

Normal value

0.21

Insignificant difference

Illustration (normal value)

0.05

Insignificant difference

4.3.2 South Africa
In contrast to the Malawians, the participants from SA preferred explanations over normal
values, both before and after the experiment (see Table 8). Their preferences did not change
significantly, based on Wilcoxon’s signed rank test. This may be related to the fact that all
participants from SA worked at the same hospital and had the same profession (assistant
nurses), which may explain why their answers were consistent both before and after the
experiment. In addition, compared to the Malawians, not all SA-participants completed the
experiment, meaning that they did not all entered all cases, and only a few used the booklets.
Table 8: Average score for preference pre and post experiment

Content type

Average score pre

Average score post

experiment

experiment

Explanation

1.92

1.89

Treatment

2.82

2.99

Normal value

2.62

2.36

Illustration (normal value)

2.06

2.19
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4.3.3 Changes at User Level
In order to look at changes at user level, we present the table below. It illustrates three possible
indications that may be the case when the aforementioned questionnaire is presented prior to
and after being exposed to technology containing tooltips. The letters A and B represent two
different kinds of tooltips.
Table 9: Indicating changes of preference at user level

Tooltips

Tooltips preference

Tooltips

appearing in

before introduction

preference after

app

to the app

introduction to the

Indication

app
1 A

B

A

The user may feel like the
tooltips in the app has
been useful, hence the
change in preference

2 A

B

B

This may be an indication
that the users did NOT
find the tooltips useful.

3 A

A

A

The tooltips in the app did
not alter anything.

The table above only presents speculations, and the best way to understand a user’s possible
change in preference would be to ask. These results are based on 20 out of the 30 participants
from the experiment, all from Malawi. The participants from SA were not included because
their pre and post-results were not possible to track to the individual participant.
After finishing the analysis of the questionnaires, we found that the first scenario (users may
have found the tooltips useful and then changed preference) was the least occurring with only
four occurrences. It is therefore deemed as unlikely. The second scenario (the users did not find
the tooltips useful) was the second least occurring with only five occurrences, and is also
deemed unlikely. The third scenario (the tooltips did not alter any preferences) was the most
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occurring with a total of eleven occurrences. Hence, the third scenario applies best for our
research.

4.4 User Experience Questionnaire
As briefly mentioned in “Design of Tooltips for Data Fields - A Field Experiment of Logging
Use of Tooltips and Data Correctness”, we created an online UX questionnaire, filled in by all
30 participants in the experiment. Since we did not audio record the interviews, we were not
sure to capture all info only through taking notes. The UX questionnaire was therefore more
appropriate in capturing the participants’ evaluations of the tooltips, and to open up for
comparisons with other techniques, which may lead to higher validity.
The questionnaire consisted of ten statements, which the participants were asked to rank from
1 to 5. 1 meant either “Strongly disagree”, “Not helpful at all”, “Not easy at all” or “Little
correct information” , while 5 meant either “Strongly agree”, “Very helpful”, “Very easy” or
“A lot of correct information” (see Figure 2).
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Figure 2: Screenshot of UX questionnaire
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As a test in the UX questionnaire, we added paired statements claiming the opposite of one
another, to see how the participants responded, and if their responses were coherent. The first
pair was statement number 3 and 7, and the second pair consisted of statement number 8 and
10 (see Table 9).
The table in section 4.4.1, gives an overview of the statements used in the UX questionnaire,
alongside with their average scores. As mentioned, participants were divided into two groups,
one which got tooltips with explanations, and one which got tooltips with ranges of normal
values. Table 9 show the average score for both explanations and normal values, and the total
average score, from all 30 participants.

4.4.1 Results
The following sections will focus on comparing the UX questionnaire to the post-interviews,
booklets and recordings. We will see how they fit to the two UX goals we are focusing on,
helpful and rewarding. In the table below (Table 9), the scores are averages.

83

Table 10: Results from UX questionnaire

No. Question/statement

1

I already knew most of the medical
terms used in the app.

Options

Total
score

Normal
value
score

Explanation
score

1=Strongly disagree

3.80

3.80

3.79

4.63

4.87

4.43

4.47

4.40

4.57

4.17

3.93

4.43

4.67

4.73

4.57

4.47

4.33

4.57

1.86

1.50

2.07

4.57

4.80

4.36

2.63

2.47

2.93

3.03

3.07

2.93

5=Strongly agree
2

The provided tooltips helped me
answer correctly on the tasks given.

1=Not helpful at all
5=Very helpful

3

The information given in the
tooltips were easy to understand

1=Not easy at all
5=Very easy

4

The need for opening the tooltips
were less as the days went by

1=Strongly disagree
5=Strongly agree

5

The information provided in the
tooltips was correct

1=Little correct
information
5=A lot of correct
information

6

The tooltips helped me learn
medical terms by heart

1=Strongly disagree
5=Strongly agree

7

The tooltips were difficult to
understand

1=Strongly disagree
5=Strongly agree

8

9

The tooltips provided enough
information for me to understand
what I should enter to the system

1=Strongly disagree

The tooltips should have provided
different information

1=Strongly disagree

5=Strongly agree

5=Strongly agree
10
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The applications should have
provided more information in the
tooltips

1=Strongly disagree
5=Strongly agree

4.4.2 Helpful – Did the Participants Find the Tooltips Helpful?
During the post-interviews, one of our objectives was to find out whether the participants found
the tooltips useful and helpful. Most of our users expressed that they found them helpful and
the majority stated that when they were in doubt, they would “consult the tiny i’s”, the
icon/button for opening the tooltips. This also corresponded with what most of the users wrote
in the booklet. In addition, as the correctness of data entry increased over time it should be seen
as a strong reason to believe that the participants found them helpful. To further argue for this
belief, the UX questionnaire also revealed that they found them helpful, as most of the
participants strongly agreed on the question about whether the tooltips helped them answer
correctly. “The tooltips helped answer correctly to the tasks given” received a total of 4.7 out
of 5, meaning that they strongly agree with the statement, which corresponds with the low
(p=0.27) and moderate (p=0.50) correlation mentioned. Also, the fact that there is a difference
between the explanation group and the normal value group, substantiates the indication of that
tooltips have an effect. The second statement, “The provided tooltips helped me answer
correctly on the tasks given”, got an average of 4.63 out of 5, where 24 of the 30 participants
gave a 5. This means that they found the tooltips helpful to very helpful, which also conforms
with the recordings in general. Many participants often chose a wrong option, opened and read
one or more tooltips and then corrected their answer.

4.4.3 Rewarding – Did the Tooltips Give the Participants New
Knowledge?
An objective we focused on in the UX questionnaire was whether or not the participants learnt
something from the tooltips, and if this could indicate that the participants found the tooltips
rewarding. Many of the participants stated during the post-interviews that they learned
something, which corresponds with the result from the UX questionnaire. The statement “The
tooltips helped me learn medical terms by heart” got an average of 4.5. In addition, the analysis
of the video recordings revealed that the tooltips were opened less as the days went by, which
corresponds with the results from the statement “The need for opening tooltips were less as the
days went by” which got a 4.1. According to Michelsen et al. (1980), “Decreasing usage of help
commands” may indicate that users are learning, which confirms the rewarding aspect of our
research.

85

4.4.4 Comparison of Contradictory Statements
The result from statement 3, “The information given in the tooltips were easy to understand”,
and statement 7, “The tooltips were difficult to understand”, were quite consistent, as the users
agreed with first statement to a large degree, and disagreed to the latter statement. The results
for statement 8, “The tooltips provided enough information for me to understand what I should
enter to the system”, and statement 10, “The applications should have provided more
information in the tooltips”, were not quite as consistent. The first statement got responses
indicating agreement to strong agreement, while the second statement got more neutral
responses, which we interpret to mean that the participants agreed to that the tooltips provided
enough information. However, the participants also seems to partly think there should have
been more information. This may indicate that they did not understand both of the questions,
or that they found the tooltips adequate but they would not mind more information.

4.4.5 Comparing Normal Values and Explanations
There were no major differences between the results from the normal value group and the
explanation group. However, there were some variations on some of the statements. The
explanation group seemed to have less of a need for opening the tooltips as the days went by
(statement 4), possibly indicating that they feel they may have learned more. The normal value
group seemed to be more pleased with the amount and type of information (statement 8 and 9),
based on the results above (Table 9).

4.4.6 Improvements
When analyzing the booklets and the post-interviews, several suggestions of improvements
materialized. One participant suggested that we should add more vital signs to the data
elements, while another stated “Add more information to the i’s. For example, can you have
pre-eclampsia with only hypertension?”. A third participant suggested that we should “for
instance giving the normal ranges for BP”. A fourth participant suggested signs and symptoms
instead of formal definitions. She justified the statement by saying that non-medical personnel,
by which she meant those with less education than nurses, would not know what a condition is,
based on the explanations. This corresponds with previous research, as people tend to find it
easier to understand new concepts through examples (Ormrod, 2012).
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What is interesting is that the participants discussed above had been using the testing program
containing explanations as their content type for tooltips. The fact that they suggested other
types of information, correspond to the response from the UX questionnaire, where the
following statements, “..should have provided more information..” and “..should have provided
different information” received scores of 3.2 and 2.9 out of 5, indicating that the participants
partly agree with the statements.
Statement 9 received an average score of 2.63, which indicates that many participants think the
tooltips should have provided different information. What is interesting is that hardly anyone,
except two Malawian participants, expressed this during the interviews. Some, however,
suggested to further add more information. Also, there are no differences in the results between
the participants from Malawi and SA, indicating more reliable results, as two groups are
indicating the same.
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5 Conclusion
5.1 First Research Question
Our first research question was “What content types for tooltips do health workers in developing
countries prefer?”. Previous research in this area is limited, though Petrie et al. (2004) explored
tooltips for hearing impaired participants, and identified Sign Language, Human Mouth, Digital
Lips and Picture tooltips as the most preferred.
Similarly to Petrie et al., we also identified four types of tooltips adapted to our user group;
explanation, normal value, treatment and illustration with normal value. The latter may be
comparable to Picture tooltips (Petrie et al, 2004). In addition, they are both at Kirkpatrick’s
level 1 (Kirkpatrick, 2006) and are characterized as low content validity (Gregor, 2006), due to
only addressing participants’ preferences and opinions.
Based on the questionnaire presented during both iterations of this research, we found that the
Malawian health workers preferred tooltips with normal values as content. The SA health
workers, on the other hand, preferred tooltips with explanation as content type. Overall, normal
values and explanations were most preferred of the four content types presented, thus these
were used in the quasi-experiment. Of the two, normal value tooltips was significantly more
preferred than the others, giving a predictive power.

5.2 Second Research Question
Our second research question was “What content type for tooltips lead to more correct data
entry among undereducated health workers?”. Dai et al. (2015) developed a software that
included step-by-step instructions, though it is difficult to compare this with our tooltips, as
tooltips are not suited for displaying sequences of instructions, since they disappear once the
button is tapped or when the user starts or completes entering data in the field.
Through our analysis of recordings from the experiment, we have found that explanations lead
to more correct data entry among undereducated health workers. Explanations got significantly
higher scores than normal value, indicating a predictive power.
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Findings from our first iteration concluded that tooltips with a range of normal values was the
most preferred one, however not the most effective in terms of correctness of data entry. A
possible explanation for these findings could be that when we designed the cases, we used a lot
of terms similar to the explanations in the tooltips. However, people tend to know what methods
and techniques they learn best from, therefore the difference in preference and the actual
effective tooltip was unexpected.

5.3 Third Research Question
Our third research question was “What techniques can be utilized to answer research question
1 and 2?”. We have found no previous research addressing this issue, though previous studies
have utilized methods such as interviews, observations, surveys, ranking and pre- and post-tests
(Petrie et al., 2004; Dai et al., 2015).
In order to find preference, we have learned that questionnaires, accompanied by interviews,
observations and a question-suggestion approach to introduce the system, have been successful,
and is thus recommendable. Though, one should be careful when designing the research, and
always have in mind who is going to be a part of it and what their background is, as
misunderstandings can easily arise.
An experiment is a beneficial way of finding what content type actually lead to more correct
data entry, as one is able to have several sample groups, do a comparison and measure results.
Using a screen recording tool has been an essential part of our results, and we therefore
recommend that to be included as well. We have found that the combination of experiment and
logging, encompasses Kirkpatrick’s level 3 and 4. Logging gives the opportunity of gathering
statistical data which can be used to give results a predictive power. However, it requires an
enormous amount of time, as a participant may spend a lot more time on one task than expected,
hence creating long recording sessions. However, this issue may be abolished by utilizing a tool
with opportunities for automation, such that only some user actions automatically get recorded.
One also has to take into consideration the time it takes to transcribe the participant’s actions,
as well as the interviews afterwards.
The conducted interviews in this research gave us a greater understanding of the user.
Especially the post-interviews gave us insight into the participants’ reason making and thoughts
on the tooltips, hence interviews should be a given part of any method, as it provides
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explanatory power (at level 2a (Gregor, 2006)). We also found it useful to ask the participants
to make notes/ write in the booklet each day as they could more easily remember thoughts and
ideas that appeared during the process, leading to more productive interview sessions.
The questionnaire did not point to the most effective tooltips, hence having the first iteration
seems pointless as the preference and effectiveness does not correspond. However, the
questionnaires helped us narrow down the research as it would been very time consuming and
expensive to do the experiment with all the different tooltip types. On the contrary, by excluding
some tooltips alternatives from the experiment we might have missed on the opportunity to
really find the most effective. For instance, we did not go into deeper exploration whether
tooltips in picture format could have been a better option, which would have corresponded with
Mayer’s (1989) findings.

5.4 Fourth Research Question
Our final research question was “Do tooltips have an effect?”. Previous research has proven
tooltips to be effective (Dai et al., 2015; Grossman & Fitzmaurice, 2010; Petrie et al., 2004;).
Though, Rourke & Kanuka (2009) state that people hang on to their misconceptions until
challenged. However, through our research we found that, despite their medical knowledge, the
participants still opened the tooltips. We also found variations in correctness between different
content types for tooltips. We have also found a low correlation between the number of opened
tooltips and correctness (p=0.27) and a moderate correlation between successful tooltips and
correctness (p=0.50). These correlations have a predictive power. In post experiment
interviews, we found that participants think they learned from the tooltips, and that they helped
them answer correct, which gives an explanatory power. In addition many of the participants
stated both in the UX questionnaire and in the booklets that they found the tooltips useful and
that the “i’s”( the tooltips) guided them in entering information to the system. Based on this,
we conclude with that tooltips do cause improvements in correct data entry. The experiment
has shown that there is a decrease in errors, as well as a decrease in use of help commands.
Hence, this is an indication of learnability of the tooltips.
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5.5 Understanding Users
Our research had a third degree of user involvement, because users’ advice were acquired
through interviews and questionnaires. User participation was of type consultative, meaning we
took users’ needs and preferences into consideration when designing tooltips.
We found that participants have different tolerance for asking questions. Some felt comfortable
enough to ask a lot of questions when in doubt, others did not. Thus, when answering questions
from the different participant, the results may have been affected as we could have answered in
different manners, giving more information to some than others.
Also, in Malawi we had local contacts helping us answering and explaining the questions the
participants had, ensuring that they understood the tasks. In SA, on the other hand, we did not
have any local contact assisting with explanations. In addition, the introduction in SA included
all ten participants simultaneously, and individual follow-up was difficult. This may be a
possible reason for why the Malawi group performed better than the SA group.
We also found that some struggled to understand the Likert scale in the UX questionnaire.
Based on interviews and observations it was not clear to everyone what the middle values were.
A few participants asked about this, though most did not say anything. This may be a reason
for why most of the results are either in the higher or the lower parts of the scale.

5.6 Reflections
In order to increase the validity of the experiment, we could have included a control group of
participants. Here, the aim would have been to compare the effects of a system with tooltips
and a system without tooltips. This is similar to research on medication, where one group is
given real medicine, while the other is given placebo medication. However, the comparison
between the two groups would not have been symmetric, as one group would have been
introduced to tooltips and the other group not. An alternative way could be create a testing
program with some meaningless tooltips. This would have made the groups more symmetric,
giving one group actual tooltips and the other group “placebo-tooltips”. Though, it may be
difficult to disguise meaningless tooltips for users, as they might understand when a tooltip is
not giving them any useful information.
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Another thing we could do to improve the validity of the research would be to focus more on
avoiding use of similar words and phrases in the cases and tooltips. Another possibility would
be to include the same amount of phrases in the cases from both of the tooltips’ contents.
However, the cases were created from the pregnant woman’s point of view, explaining her
situation. This was an attempt to simulate a clinic visit, hence we found it strange to have the
woman herself list medical condition values.
To minimize or eliminate the uncertainties around why explanations got a higher correctness
than normal values, we could have created separate cases for the two groups which contained
tailored concepts and tooltips. Though, this would have required a substantial amount of time,
and would not be feasible within our time constraints. It would also be more difficult to compare
different cases.
Another possible issue with our research was that the participants from SA were
underrepresented. Hence, our original idea of comparing Malawi and SA was difficult. It
might be beneficial to map only one country at a time, based on the fact that Malawi and SA
preferred different content types. However, if we had been able to gather more participants in
SA, we could have made a better comparison.
Most of our participants struggled with understanding the rating system on the questionnaire
about preference for content types for tooltips, where the number 1 was the most preferred
content type. Initially, when we first designed the questionnaire, 4 was the most preferred one.
However, after conducting two pilot-tests of the questionnaire we switched the order, as
suggested by our pilot participants. Most of our main participants did not have problem with
adapting to our rating system after having it explained, though it contributed to confusion and
time got lost explaining.

5.7 Recommendations
Based on our research, we recommend including tooltips in system because they are both
effective and a cheap solution compared to other training materials. Though, it is important that
people are aware of them and their function. During the introduction of a new system, tooltips
should be visualized and demonstrated, and users should practice the tooltips. By doing this,
they will likely understand when to use them in a real life situation.
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Appendix - Feedback to DHIS2 software
developers
The main focus of this research were to explore different aspects of tooltips, however some
possible usability flaws were also detected. Below we present the most common feedback from
the users as well as some observations we made during the research
Complete button
Many users find the complete button confusing. As the button appear on the first screen of a
form, some user automatically think they should press it after entering information on that page.
Progress bar
The reality is that there are several screen in one form, thus there should be a progress bar
indicating on which screen the user is and a possible solution is to put the complete button at
the last page of a form.
More feedback
After pressing the complete button inside a form most of the users expected some sort of
feedback. Either by the system providing a dialog box or by the system going back a screen to
the client patient record
Visibility – Data fields
Many of the user struggled with understanding which data field they operated within, adding
wrong data to wrong data fields. This indicates a need for higher visibility of which data field
the user is working in, for instance by somehow highlight the data field to a larger degree.
Search function
Too many search function. Making it confusing for users to navigate.
Search fields should also catch misspellings as well
Arrows /discoverability
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The arrows to be found on the top right of each form, used to navigate between the pages, are
barely discoverable. Hardly anybody participating in this research found them without any help
Press on the heading to enter information
Several participants in this research pressed the heading of the data fields in hope to enter
information.
Make the i\s / tooltips-button more prominent
None of the user noticed the i\s before getting introduced to them. In addition, one person
thought they meant subtopics and did not consider them important
Patient record
Clarify whether patients are completed or still “active”
Clearer indication on which patient record the user is working with.
It should be possible to see a sort of summary document of the patient
Log in and log out
Enable offline login as people may accidentally log out. Without internet access they are not
able to log in again, leading to no data capturing.
Different design/tailoring of the setup of fields for different cadres
Should not skip “birth date” when pressing Next downwards the page
The save-button should have some sort of text indicating its purpose
Switch between two languages in the app, depending on who is using it
Add support for pictures and/or videos
The date picker should be more intuitive, and not reset dates if one accidentally pushes a
back-button
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